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General Information  
WiPDA 2015

The 3rd IEEE Workshop on Wide Bandgap Power Devices and Applica-
tions (WiPDA) will be held in Blacksburg, Virginia, November 2-4, 2015.

LOCATION
The Inn at Virginia Tech and Skelton Conference Center
901 Prices Fork Road, Blacksburg, VA, USA, 24061

REGISTRATION
All participants are required to register. 
To register, please go to the website for more details: 
http://www.regonline.com/wipda2015
See WiPDA 2015 website for updates:
http://www.wipda2015.org

WiPDA 2015 CONTACT:
 Rolando Burgos
 Virginia Tech, rolando@vt.edu
 Alex Huang
 North Carolina State University, aqhuang@ncsu.edu
 Alan Mantooth
 University of Arkansas, mantooth@uark.edu
 Robert Kaplar
 Sandia National Laboratories, rjkapla@sandia.gov 
 Yaosuo “Sonny” Xue
 Siemens, yaosuo.xue@siemens.com 
 Lingxiao Xue
 Virginia Tech, lxxue@vt.edu
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Dear colleagues,

It is my pleasure to welcome you to the 3rd IEEE Workshop on Wide 
Bandgap Power Devices and Applications, WiPDA 2015, sponsored by 
the IEEE Power Electronics Society (PELS), and for the first time too also 
by the IEEE Electron Devices Society (EDS), and the Power Sources 
Manufacturers Association (PSMA). 

I would like to express my utmost personal gratitude to the members of 
the WiPDA organizing committee, and the technical program commit-
tee, as well as the past general chairs, who with hard work and selfless 
dedication have made possible this event. Special thanks are in order to 
the technical program committee members who conducted an expedient 
review of the numerous submissions received in this occasion. I would 
like to acknowledge too and express my most sincere appreciation for 
the full commitment and support received from The Bradley Department 
of Electrical and Computer Engineering (ECE), and from the Center for 
Power Electronics System (CPES) at Virginia Tech, especially from the 
ECE Department Head, Professor Luke Lester, and by the CPES Director 
and Co-Director, and honorary general chairs, Professors Fred Lee and 
Dushan Boroyevich. The support and dedication of CPES staff and gradu-
ate students is also deeply valued and cherished; thank you very much!

Regarding the technical program, in what is an expanded format, this year 
WiPDA will feature three parallel sessions throughout the event. These will 
address devices, packaging and integration, and circuits and applications. 
Also, the joint sponsorship with PSMA has resulted in a larger Technical 
Exhibit, which will now be open the first and second day of the workshop; 
during the welcome reception on Monday evening and all day Tuesday, 
including an extended lunch break that day. The more than 80 technical 
papers accepted will be presented in several oral sessions, as well as a 
poster dialogue session to be held on Tuesday afternoon. Additionally, 
a total of ten keynote plenary presentations will be featured—five each 
on Tuesday and Wednesday morning—by highly acclaimed experts and 
program managers from government agencies, industry, and academia. 
Further, four outstanding tutorials will be presented on Monday afternoon 
by renowned world-leading experts on wide bandgap semiconductor 
devices, technology, and applications. And lastly, a panel discussion 
on the future of WBG technology will be held on Wednesday afternoon.

This exciting program will be complemented by technical and social events 
that will be centered around the Technical Exhibit, featuring too the tour 
of the CPES electrical and packaging and integration laboratory facilities 
on Monday morning, a welcome reception on Monday evening, and the 
conference banquet to be held on Tuesday evening.

We are excited about the opportunity to interact with our colleagues in 
the greater power electronics and power semiconductor communities 
once again, and look forward to sharing with all of you an outstanding 
and successful technical conference.

Looking forward to seeing you in Blacksburg!

Rolando Burgos
Associate Professor
Center for Power Electronics Systems
Virginia Tech

WELCOME MESSAGE FROM GENERAL CHAIR
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ORGANIZING COMMITTEE

General Chair:  Rolando Burgos
  Virginia Tech

Honorary General Chairs:  Fred C. Lee
  Virginia Tech
  Dushan Boroyevich
  Virginia Tech

                                                       
Vice Chairs:  Alex Huang
  North Carolina State University
  Alan Mantooth
  University of Arkansas   
 

Technical Program Chairs:  Robert Kaplar 
    Sandia National Laboratories
    Yaosuo “Sonny” Xue 
    Siemens   
   

Local Organizing Committee Co-chair:
    Mantu Hudait 
    Virginia Tech

Treasurer:   Jing Xu 
    ABB Corporate Research

Tutorials:    Daniel Costinett 
    The University of Tennessee,   
    Knoxville
    

Keynote Presentations:  Jin Wang
    Ohio State University

Publicity:   Fang Luo 
    Ohio State University

Publications:   Liming Liu 
    ABB Corporate Research

Website:    Lingxiao Xue
    Virginia Tech



TECHNICAL PROGRAM COMMITTEE

                              
(in alphabetical order)

          Simon S. Ang, University of Arkansas, USA
          Luis Arnedo, United Technologies Research Center, USA
          Juan Carlos Balda, University of Arkansas, USA
          Francisco Canales, ABB Corporate Research, Switzerland
          Rongming Chu, HRL Laboratories, LLC, USA
          Sarit Dhar, Auburn University, USA
          Jack David Flicker, Sandia National Laboratories, USA
          Gerd Griepentrog, TU Darmstadt, Germany
          Timothy Han, Global Power Electronics, Inc, USA              
          Carl Ho, University of Manitoba, Canada 
          John Hostetler, United Silicon Carboide, Inc., USA
          Masakazu Kanechika, Toyota Central R&D Labs Inc., Japan
          Avinash Kashyap, GE Global Research Center, USA
          Sameh Khalil, International Rectifier (Infineon), USA
          Toshihide Kikkawa, Transphorm, USA
          Tsunenobu Kimoto, Kyoto University, Japan
          Zhenxian Liang, Oak Ridge National Lab, USA
          Liming Liu, ABB Corporate Research, USA
          Denis Marcon, Interuniversity Microelectronics Centre, Belgium
          Philip Mawby, University of Warwick, UK
              Farid Medjdoub, Lille 1 University-Science and Technology, France
          Matteo Meneghini, University of Padova, Italy
          Khai Ngo, Viginia Tech CPES, USA
          Siddharth Rajan, Ohio State University, USA
          David Reusch, Efficient Power Conversion Corp., USA
          Sei-Hyung Ryu, Cree, Inc., USA
          Mark Scott, Miami University, USA
          Gui-Jia Su, Oak Ridge National Lab, USA
          Lixin Tang, Oak Ridge National Lab, USA
          Victor Veliadis, Northrop Grumman Electronic Systems, USA
          Jin Wang, Ohio State University, USA
          Xin Wu, United Technologies Research Center, USA
          Yifeng Wu, Transphorm, Inc., USA
          Lingxiao Xue, Virginia Tech, USA
          Shirley (Hao) Zhang, United Silicon Carbide, Inc, USA
          Zheyu Zhang, University of Tennessee, Knoxville, USA
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KEYNOTE SPEAKERS

                          
          Lynn Petersen, Office of Naval Research
          Anant Agarwal, U.S. Department of Energy
          Subhashish Bhattacharya, North Carolina State University
          Rui Zhou, GE Global Research Center
          John Shen, Illinois Institute of Technology
          Paul Chow, Rensselaer Polytechnic Institute
          Joseph Weimer, U.S. Air Force Research Laboratory
          Leo Lorenz, European Center for Power Electronics
          Ranbir Singh, GeneSiC Semiconductor
          Isik Kizilyalli, Avogy Inc.
          Hiromichi Ohashi, University of Tokyo

TUTORIAL SPEAKERS

                          
          Johann Kolar & Ralph Burkart, ETH Zurich
          Patrick McCluskey, University of Maryland
          Mark Johnson, The University of Nottingham
          David Reusch, Efficient Power Conversion Corporation

PANEL DISCUSSION

                          
Chair & Facilitator:  Alex Huang
  North Carolina State University

Panelists:  Iulian Nistor
  ABB Corporate Research
  Jared Hornberger
  CREE Fayetteville
  Michael D. Glover
  University of Arkansas  
  Zhengxian Liang
         Oak Ridge National Laboratory  
  Doug Hopkins
  North Carolina State University
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November 2 - Monday

CPES Lab Tour
9:00am - 12:00pm

140 & 678 Whittemore Hall

Conference Registration
12:00pm - 5:00pm

Hotel Lobby/Latham Foyer

Tutorials (2 parallel sessions)
1:00pm - 5:30pm

Smithfield/Cascades

I: Multi-objective Optimization of SiC Converters 
Concerning Efficiency, Power density, and Costs 

          Presenter:  Johann Kolar and Ralph Burkart, ETH Zurich
 1:00pm - 3:00pm, Smithfield

Profiting from the vast experience in the design and optimi-
zation of power converters at the Power Electronic Systems 
Laboratory, Swiss Federal Institute of Technology (ETH), this 
tutorial will present the latest developments on multi-objective 
optimization of SiC-based power converters. Simultaneously 
addressing efficiency, power density and cost, the tutorial will 
present first a design example of a 5 kW dual-active-bridge 
(DAB) with extreme input voltage range for residential energy 
management systems, where a 2- and a 3-level power conver-
sion approach will be thoroughly compared. Second, targeting 
higher power ac-dc applications, an evaluation of a 10 kW 
3-phase PV inverter comparing a 2-level hard-switched and 
a 2-level soft-switched SiC-based approach versus a state-
of-the-art hard-switched 3-level IGBT Si-based approach 
will be presented and analyzed in depth in order to show the 
inherent advantages of SiC at the system level, which are 
often claimed but have not been fully quantified. The tutorial 
will focus on the multidisciplinary design methodologies em-
ployed as well as on the use of the latest power conversion 
technology which also includes a discussion of the normally-off 
GaN GIT converter and control approach of the ETH Team 
presented in the finals of the GOOGLE Little Box Challenge.

Biography

Johann W. Kolar (F´10) received his M.Sc. and Ph.D. degree 
(summa cum laude / promotio sub auspiciis praesidentis rei 
publicae) from the University of Technology Vienna, Austria. 
Since 1984 he has been working as an independent interna-
tional consultant in close collaboration with the University of 
Technology Vienna, in the fields of power electronics, industrial 
electronics and high performance drives. He has proposed
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 numerous novel converter topologies and modulation/control 
concepts, e.g., the VIENNA Rectifier, the SWISS Rectifier, the 
Delta-Switch Rectifier, the isolated Y-Matrix AC/DC Converter 
and the three-phase AC-AC Sparse Matrix Converter. Dr. Kolar 
has published over 450 scientific papers at main international 
conferences, over 180 papers in international journals, and 
2 book chapters. Furthermore, he has filed more than 110 
patents. He was appointed Assoc. Professor and Head of the 
Power Electronic Systems Laboratory at the Swiss Federal 
Institute of Technology (ETH) Zurich on Feb. 1, 2001, and was 
promoted to the rank of Full Prof. in 2004. He has supervised 
over 50 Ph.D. students and PostDocs.

The focus of his current research is on AC-AC and AC-DC 
converter topologies with low effects on the mains, e.g. for 
data centers, More-Electric-Aircraft and distributed renewable 
energy systems, and on Solid-State Transformers for Smart 
Microgrid Systems. Further main research areas are the real-
ization of ultra-compact and ultra-efficient converter modules 
employing latest power semiconductor technology (SiC and 
GaN), micro power electronics and/or Power Supplies on Chip, 
multi-domain/scale modeling/simulation and multi-objective 
optimization, physical model-based lifetime prediction, pulsed 
power, and ultra-high speed and bearingless motors. He has 
served as IEEE Distinguished Lecturer by the IEEE Power 
Electronics Society in 2012 - 2014.

He received 10 IEEE Transactions Prize Paper Awards, 9 IEEE 
Conference Prize Paper Awards, the PCIM Europe Conference 
Prize Paper Award 2013, the SEMIKRON Innovation Award 
2014, and the Middlebrook Achievement Award 2014 of the 
IEEE Power Electronics Society. Furthermore, he received the 
ETH Zurich Golden Owl Award 2011 for Excellence in Teaching 
and an Erskine Fellowship from the University of Canterbury, 
New Zealand, in 2003. He initiated and/or is the founder/co-
founder of 4 spin-off companies targeting ultra-high speed 
drives, multi-domain/level simulation, ultra-compact/efficient 
converter systems and pulsed power/electronic energy pro-
cessing. In 2006, the European Power Supplies Manufacturers 
Association (EPSMA) awarded the Power Electronics Systems 
Laboratory of ETH Zurich as the leading academic research 
institution in Power Electronics in Europe.

Dr. Kolar is a Fellow of the IEEE and a Member of the IEEJ and 
of International Steering Committees and Technical Program 
Committees of numerous international conferences in the field 
(e.g. Director of the Power Quality Branch of the International 
Conference on Power Conversion and Intelligent Motion). He 
is the founding Chairman of the IEEE PELS Austria and Swit-
zerland Chapter and Chairman of the Education Chapter of the 
EPE Association. From 1997 through 2000 he has been serving 
as an Associate Editor of the IEEE Transactions on Industrial 
Electronics and from 2001 through 2013 as an Associate Editor 
of the IEEE Transactions on Power Electronics. Since 2002 he 
also is an Associate Editor of the Journal of Power Electronics 
of the Korean Institute of Power Electronics and a member 
of the Editorial Advisory Board of the IEEJ Transactions on 
Electrical and Electronic Engineering. 

Ralph Burkart, PhD student, Power Electronic Systems Labo-
ratory,  Department of Information Technology and Electrical 
Engineering (D-ITET), Swiss Federal Institute of Technology.
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II:    Packaging and Reliability of Wide Band Gap Power 

Electronics
       Presenter: Patrick McCluskey, University of Maryland
 1:00pm - 3:00pm, Cascades

Power electronics are becoming ubiquitous in engineered sys-
tems as they replace traditional ways to control the generation, 
distribution, and use of energy.  They are used in products as 
diverse as home appliances, cell phone towers, aircraft, wind 
turbines, automobiles, smart grids, and data centers. This wide-
spread incorporation of power electronics is due to their flex-
ibility, efficiency, reliability, and cost advantages with respect to 
more traditional approaches to power management.  It has led 
to the development of highly efficient power electronic devices 
and systems based on wide bandgap (WBG) semiconductors 
that are able to manage ever larger power levels at higher 
frequencies over wider temperature ranges with lower power 
loss.  Use of these devices can lead to savings in cost, size, 
and weight through a reduction in the size of capacitors, and 
the need for less cooling and energy storage. However, even 
with improved power electronic efficiencies, these increased 
power levels combined with increased packaging density can 
lead to higher heat flux and resultant high junction temperatures 
in power electronic systems, especially inside the switching 
module.  Following a quick review of the advantages of wide 
band gap semiconductor devices, this short course will focus 
on the new thermally integrated packaging approaches that are 
being developed to make high packaging density, lower SWaP-
C modules a reality.  This includes the latest developments in 
the materials (e.g. organic, flexible), packaging, assembly, and 
thermal management of power electronic modules and systems 
along with the latest reliability modeling, prognostic health 
management, and accelerated testing techniques.

Biography

Dr. Patrick McCluskey (Ph.D. 1991, Materials Science and 
Engineering, Lehigh University, Bethlehem, PA) is a Profes-
sor of Mechanical Engineering at the University of Maryland, 
College Park, where he conducts research in the Center for 
Advanced Life Cycle Engineering (CALCE) in the areas of 
thermal management, reliability, and packaging of electronic 
microsystems for use in extreme temperature environments 
and high power applications.  Dr. McCluskey has published 
more than 100 refereed technical articles on these subjects, 
and has edited three books.  He has also served as technical 
chairman for multiple international conferences and workshops, 
and is an associate editor of the IEEE Trans. on Components, 
Packaging, and Manufacturing Tech.  Dr. McCluskey has pro-
vided short courses on extreme temperature electronics and 
power electronics for companies in the aerospace, automo-
tive, motor drives, energy exploration/generation, and defense 
industries.  He is a fellow of the International Microelectronics 
and Packaging Society (IMAPS), a senior member of IEEE, 
and a member of ASME.

BREAK
3:00pm - 3:30pm

Upper Quad
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III: Integration of Wide Band-Gap (WBG) Semiconduc-

tors 
          Presenter:  Mark Johnson, The University of Nottingham
 3:30pm - 5:30pm, Smithfield

Wide band-gap semiconductors offer many potential benefits to 
designers of power electronic systems. Lower switching losses 
allow operation at higher switching frequencies, which in prin-
ciple allows a reduction in passive component values (energy 
storage) in many converter applications. Higher maximum 
junction temperatures permit operation at increased current 
density, allowing smaller devices to be used, or may facilitate 
application in high temperature environments. However, none 
of these benefits can be properly realised without understand-
ing the system-wide impacts of faster switching and higher 
operating temperatures.

Biography

Professor C Mark Johnson received the BA degree in engi-
neering and the PhD degree in electrical engineering from the 
University of Cambridge, UK, in 1986 and 1991 respectively. 
From 1990 to 1992 he was a Research Associate at the Uni-
versity of Cambridge and in 1992 he was appointed Lecturer at 
the University of Newcastle, UK, where his research included 
the design, analysis and characterisation of power semiconduc-
tor devices, resonant power conversion and instrumentation. 
From 1998 to 2001 he managed the UK national programme 
on Silicon Carbide electronics and in 2000 he became Reader 
of Power Electronics at the University of Newcastle. In 2003, 
Professor Johnson was appointed as Rolls-Royce/RAEng 
Research Professor of Power Electronic Systems at the Uni-
versity of Sheffield and in 2006 he was appointed to a personal 
chair at the University of Nottingham, where he leads research 
into power semiconductor devices, power device packaging, 
reliability, thermal management, power module technologies 
and power electronic applications. He is Director of the UK 
Engineering and Physical Sciences Research Council (EP-
SRC) Centre for Power Electronics, which combines the UK’s 
best academic talent to address the key research challenges 
underpinning power electronics.

IV: Improving DC-DC Converter Performance with GaN 
Transistors 

       Presenter:  David Reusch, Efficient Power Conversion 
Corporation

 3:30pm - 5:30pm, Cascades

Gallium Nitride (GaN) power semiconductors are being adopt-
ed in an increasing number of power conversion applications.  
The technology is rapidly developing and product experience in 
the field is expanding. This tutorial will begin with a discussion 
of the state-of-the art in GaN technology.

The tutorial will continue with design basics fundamental to 
GaN transistors including drivers, layout, paralleling, dead-
time management, and thermal considerations. Following the 
design basics will be design examples with a focus on 48 VIN 
to 1 VOUT network and telecom power supplies. Different
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architectures will be compared and the benefits of GaN transis-
tors will be quantified over Si MOSFETs for various approaches 
to get 48 VIN to load. 

The tutorial concludes with a look into future of this relatively 
young technology and its potential to improve performance in 
existing applications and enable new applications not possible 
with aging silicon MOSFETs.  Beyond the discrete transistor, 
the extension of GaN technology to fully integrated circuits will 
be discussed, furthering the potential of GaN to raise the bar 
in power conversion performance.

Biography

David Reusch is the Executive Director of Applications En-
gineering at Efficient Power Conversion Corporation (EPC).  
He received his B.S, M.S. and Ph.D. degrees from Virginia 
Tech, Blacksburg.   While pursuing his Ph.D. degree, he was 
a Research Assistant with the Center for Power Electronics 
Systems (CPES), where he was the recipient of the Bradley 
Graduate Fellowship.  He has published over 25 peer-reviewed 
technical papers at conferences and in IEEE journals and is a 
co-author of the textbook, GaN Transistors for Efficient Power 
Conversion, second edition.  

Exhibit & Welcome Reception
6:00pm - 8:00pm
Solitude Room
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November 3 - Tuesday

Registration & Coffee
Latham Foyer

Authors’ breakfast
7:00am - 8:00am

Old Guard/1872 Salon

Welcome Address
Rolando Burgos, General Chair

Luke Lester, ECE Department Head
8:00am - 8:20am

Alumni Assembly Hall

Plenary Session
Chair: Robert Kaplar

8:20am - 11:00am
Alumni Assembly Hall

I: The Revolution in Wide Bandgap Technology in the 
U.S. 

       Lynn Petersen, Anant Agarwal
The Departments of Energy (DOE) and Defense (DOD) are 
actively working with industry and academia to redefine and 
modernize power electronics for renewable energy and military 
applications. Ongoing research is focused on SiC and GaN 
semiconductor maturation activities to achieve highly reliable, 
efficient, lighter and smaller volume power electronics at lower 
costs.  This paper will discuss DOD applications for Wide 
Bandgap (WBG) devices and the DOE strategy for achieving 
cost reductions to promote their market penetration. Outstand-
ing technical challenges in the development of higher voltage 
devices, as well as suitable military and industrial applications 
and methods the newly formed PowerAmerica WBG Institute 
is undertaking to accelerate their adoption are also presented.

Biography

Mr. Lynn Petersen graduated from the United States Naval 
Academy, Annapolis, MD with a BS in Mathematics in 1986 
and was commissioned an Ensign in the United States Navy. 
Selected for lateral transfer to the Engineering Duty Officer pro-
gram, he received his MS in Mechanical Engineering from the 
Naval Postgraduate School, Monterey, CA in 1994. Following 
Active Duty, he was employed by the Naval Surface Warfare 
Center, Carderock Division, Annapolis, MD as an Electrical 
Engineer. From 1998-2002, he led several projects supporting 
Navy Electric Drive and authored several papers and reports 
on electrical propulsion, conversion, generation and distribu-
tion. In October, 2002, he was detailed to the Office of Naval 
Research (ONR), and in May, 2006 he was hired by ONR and 
served as the ONR S&T rep to the Electric Ships Office, PMS 
320. In November, 2008, he was recalled to Active Duty with 
assignment as the Deputy Director, Electric Ships Office, PMS 
320. While in that assignment, he was promoted to the rank of 
Captain in 2009. Following return from Active Duty, Mr. Petersen 
currently serves as a Program Officer at ONR where he leads 
basic research in power electronics and electromagnetism 
and applied research in SiC WBG semiconductors and MVDC 
electrical systems.
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Before joining EERE in March 2013, Dr. Agarwal was Director 
of Research and Development for Wide Band Gap devices, 
and in particular, Silicon Carbide based power devices and 
their commercialization, at Cree, Inc.  As a leading research 
scientist in this area, Dr. Agarwal’s lifelong goal has been to 
successfully commercialize Wide Band Gap power devices to 
resurrect the domestic Power Electronics Industry and bring 
high quality manufacturing jobs back to US while reducing 
energy consumption and greenhouse gases.  He had been 
with Cree since 1999.  In this position, he has led his research 
team to successfully commercialize Silicon Carbide Power 
Diodes and MOSFETs, which are being extensively used to 
improve efficiency and reduce power consumption, worldwide, 
in systems such as power supplies, solar inverters, LED lighting 
and motor drives.  Future applications in Grid based electronics 
are not far behind.

Previously, Dr. Agarwal was a Fellow at Northrop Grumman Sci-
ence and Technology Center, Pittsburgh (1990-1999) where, he 
led research on radio frequency Silicon and Silicon-Germanium 
transistors and helped solve a large number of fundamental 
issues with Wide Band Gap technology.

Prior to joining Northrop Grumman, Dr. Agarwal had held 
various teaching and research positions (1984-1990) including 
Associate Professor in Allahabad, India and Member of Techni-
cal Staff at AT&T Bell Laboratories, Murray Hill, NJ where he 
was engaged in developing Gallium-Arsenide digital circuits 
for fiber-optic communications.

Dr. Agarwal received his PhD degree in Electrical Engineering 
from Lehigh University, Pa in 1984; Masters degree in Electri-
cal Engineering from University of Tennessee Space Institute 
(UTSI) in 1980; and Bachelor of Science in Electrical Engineer-
ing from University of Allahabad, India in 1978.  He jointly holds 
38 patents, has co-authored more than 280 research papers in 
conferences and journals, co-edited a book on Silicon Carbide 
Technology, co-authored five book chapters and was elected 
an IEEE Fellow in January 2012 for his all-time contributions 
to Wide Band Gap technology.

II: HV SiC Power Devices – A Panacea for Enabling MV 
Power Conversion Applications 

       Subhashish Bhattacharya
The advent of WBG (SiC and GaN) devices is poised to revo-
lutioniions and the challenges to apply these HV SiC devices 
successfully. The talk will focus on SiC devices based power 
electronics applications with SiC device voltage ranges from 
1200 V to 1700 V MOSFETs and JBS diodes, through HV 10 
kV - 15 kV  MOSFETs, JBS diodes, and 15 kV SiC IGBTs. The 
talk will develop understanding of the high frequency switching 
characteristics of these SiC devices and their potential applica-
tion areas. The potential and challenges of the HV 10-15 kV 
devices to enable MV power conversion systems, including the 
large market space of MV motor drives will be discussed. The 
utility applications area of FACTS and VSC based HVDC and 
in particular MVDC systems can be enabled by these HV SiC 
devices. Challenges in adopting these HV SiC devices for MV 
power conversion in terms of magnetics, capacitors, insulation 
materials, etc. will be discussed. 
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Biography

Dr. Subhashish Bhattacharya received his B.E. (Hons), M.E. 
and PhD degrees in Electrical Engineering from Indian Insti-
tute of Technology-Roorkee (formerly University of Roorkee), 
India in 1986, Indian Institute of Science (IISc), Bangalore, 
India in 1988, and University of Wisconsin-Madison in 2003, 
respectively. He worked in the FACTS (Flexible AC Transmis-
sion 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 ABB Term Professor, and also a faculty member of 
NSF ERC FREEDM systems center (www.freedm.ncsu.edu), 
Advanced Transportation Energy Center [ATEC] (www.atec.
ncsu.edu) and the newly established DOE initiative on WBG 
based Manufacturing Innovation Institute – PowerAmerica - at 
NCSU. A part of his PhD research on active power filters was 
commercialized by York Corp. for their air-conditioner chiller 
application. His research interests are Solid-State Transform-
ers, MV power converters, FACTS, Utility applications of power 
electronics and power quality issues; high-frequency magnet-
ics, active filters, and application of new power semiconductor 
devices such as SiC for converter topologies.

III: Readiness of SiC MOSFETs for Aerospace and In-
dustrial Applications 

       Rui Zhou
 Silicon Carbide (SiC) power devices can operate at higher 

temperatures, higher voltages and higher switching frequencies 
compared to existing silicon devices, resulting in greater power 
converter efficiency, smaller size and improved bandwidth. The 
SiC power device development at GE was launched in 2005 and 
is now starting transition from pilot production to high volume 
manufacturing. This talk will highlight GE’s ongoing efforts to 
validate the SiC MOSFET performance, reliability and robust-
ness for Aerospace and Industrial applications. The challenge 
of using SiC in those power applications is that the emphasis 
on reliability, ruggedness and cost is significantly higher.

 The extensive internal and external reliability testing of GE SiC 
MOSFETs has demonstrated reliability comparable to mature 
silicon power devices. In addition, extensive stress testing has 
mapped-out the device’s safe operating area, such as: ava-
lanche capability, short circuit ruggedness, body diode stability, 
and terrestrial cosmic radiation hardness. The SiC MOSFETs 
compare favorably to competing Silicon IGBTs and MOSFETs. 
The 1.2kV MOSFET system benefits were validated in a 75kW 
motor drive for Aerospace applications. The 75kW SiC inverter 
was designed to operate at 20kHz and the experimental results 
show efficiency of at least 98.5% with output power between 
50% and 100%. More recent application efforts are targeting 
insertion of 1.7kV MOSFETs in Industrial applications. A re-
cent highlight is an experimental demonstration of a 1MW PV 
inverter with best-in-class CEC efficiency approaching 99%.
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Biography

Dr. Rui Zhou has more than 16 years’ industrial experience in 
power electronics, motor drive controls, communications sys-
tem architecture, and energy management.  He currently is a 
lab manager in General Electric Global Research.  He focuses 
on the development of power conversion technologies for ap-
plications seeking high power and high efficiency, such as those 
associated with Marine, Navy, O&G, Aviation, Solar and Wind 
energy.  Before his current role, he worked in Energy Systems 
and Advanced Technology group in GE Aviation, where he lead 
fuel saving programs for more electric aircraft and naval ships, 
and helped grow new customer, market and product offering in 
hybrid electric propulsion and SiC technology.

IV: Solid State Circuit Protection: A New Opportunity 
for WBG Semiconductors

       John Shen
Renewable energy sources, such as photovoltaic and wind, 
supply electricity to the utility grid and/or local loads through 
power electronic converters. Other distributed energy resources 
(DER), such as battery storage, fall into the same category. The 
power electronic converters are limited by the thermal-electrical 
capability of semiconductor chips and cannot sustain a fault 
condition for more than a few tens of microseconds when one 
of their output branches is inadvertently shorted. This scenario 
causes either catastrophic destruction or protective shutdown 
of the converters, both resulting in the loss of renewable 
power generation. In contrast, a traditional AC power system, 
comprising large synchronous generators and transformers, 
can sustain the same fault event for a much longer time period 
(i.e. hundreds of milliseconds) until a slow-responding electro-
mechanical circuit breaker in the faulty branch is activated to 
isolate the fault, leaving the rest of the system unaffected. The 
lack of fast-acting and low-loss short circuit protection solutions 
presents a major technical barrier for successful deployment of 
renewable power systems. This talk will discuss a new class 
of ultrafast, self-powered, autonomously-operated Solid State 
Circuit Breakers (SSCB) based on WBG semiconductors. The 
new SSCB technology offers a reaction time of 1-2 microsec-
onds, about 10X faster than any state-of-the-art SSCBs and 
10,000X faster than any mechanical CBs, and is well within 
the overload tolerance time window of typical power electronic 
converters. We propose to leverage the low conduction loss 
and relatively low manufacturing cost of normally-on (depletion 
mode) WBG devices such as SiC JFETs, GaN HEMTs, and 
new dual-gate bidirectional GaN switches, and novel control 
electronics. This important application of SSCB may provide 
a unique market opportunity for WBG semiconductors outside 
the mainstream power converter applications.
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Biography

John Shen is the Grainger Endowed Chair Professor of Electri-
cal and Power Engineering at Illinois Institute of Technology. 
He received his Ph.D. degree in electrical engineering from 
Rensselaer Polytechnic Institute, Troy, NY, in 1994. He has 
over 26 years of industrial and academic experience in power 
semiconductor devices and power electronics. He has pub-
lished over 160 journal and conference papers and holds 14 
issued US patents in these areas. He was elected IEEE Fellow 
in 2010 for his contribution to the development and commer-
cialization of MHz frequency power MOSFET technology. Dr. 
Shen is a recipient of the 2012 IEEE Region 3 Outstanding 
Engineer Award, the 2003 NSF CAREER Award, the 2006 
IEEE Transaction Prize Paper Award from IEEE Society of 
Power Electronics, the 2003 IEEE Best Automotive Electronics 
Paper Award from IEEE Society of Vehicular Technology, and 
the 1996 Motorola Science and Technology Award.

V: Wide Bandgap Semiconductor Power Devices for 
Energy Efficient Systems

       Paul Chow
 We review the vertical and lateral SiC and GaN power tran-

sistor types and structures explored and commercialized for 
advanced energy efficient systems.  We have quantitatively 
evaluated the on-state performance of these power devices 
in the voltage rating range from 30-10kV.  Based on these 
performance projections and technology development trends, 
we feel that this emerging class of power devices will become 
an important and indispensable component technology.

Biography

Prof. T. Paul Chow received his Ph.D. in Electrical Engineering 
from RPI in 1982. He was a member of the technical staff at 
GE Corporate Research and Development from 1977 to 1989. 
Since 1989, he has been with RPI, where he is now professor of 
the Electrical, Computer and Systems Engineering Department. 
He has been working in the power semiconductor device area 
since 1982. His present research activities include high- voltage 
silicon, GaAs and wide bandgap (particularly SiC and GaN) 
semiconductor power devices and ICs. He has published over 
150 papers in scientific journals, has contributed eight chapters 
in technical textbooks, and has procured over fifteen patents. 
He is a Fellow of the IEEE.
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Chair: Avinash Kashyap, John Hostetler

Smithfield

8076  Short Circuit Robustness of 1200 V SiC Switches                                      
Ranbir Singh, Brian Grummel, Siddarth Sundaresan. INVITED 
PAPER
Adequate short-circuit (SC) withstand capability is critical 
for power transistors operating in motor-control inverters for 
fault protection and device/system failure prevention. The SC 
robustness for a power transistor is defined as the minimum 
withstand time (tsc) the device can survive under single-pulse 
or repetitive SC events. The tsc rating is frequently quoted by 
SiC power device vendors as a measure of the SC robustness 
of their parts. This paper examines the electrical transport 
parameters of commercial, TO-247 packaged 1200 V SiC 
DMOSFETs and SiC SJTs, after being subjected to single-shot 
and repetitive SC pulses at various drain voltage levels and 
baseplate temperatures. A tsc = 14 µs is recorded on a 1200 
V/10 A SJT, when switched on to a 1000 V DC bus.

8048  Study of the Turn-on of Various High-Voltage SiC Thyristors                                      
Heather O’Brien, Aderinto Ogunniyi, William Shaheen, Sei-
Hyung Ryu
This research focuses on characterization of the turn-on 
transition of high voltage SiC thyristors of different epilayer 
thicknesses and active area sizes to determine their suitability 
and limitations in high-dI/dt, fast-switching applications. This 
unique research investigates very high current density being 
switched through the thyristors over a short period of time at 
initial turn-on, resulting in very high instantaneous dissipated 
power over the small device volume. The devices that were 
characterized were 7 kV, 0.5 cm2 super gate turn-off thyristors 
(SGTOs), 10 kV, 1.0 cm2 SGTOs, and 15 kV, 1.05 cm2 SGTOs, 
all fabricated by Cree, Inc. for the Army Research Laboratory. 
The highest dI/dt and current density were 8.5 kA/µs and 5.8 
kA/cm2 for the 0.5 cm2 thyristors. These evaluations will help 
determine tradeoffs between series-stacking two lower-voltage 
thyristors versus using a single thicker-epi device, or paralleling 
two small-area devices versus switching one larger device.
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8093  Performance Evaluation and Characterization of 6500 V 
Asymmetric SiC NPNP Thyristor based Current Switch                                      
Ankan De, Subhashish Bhattacharya, Ranbir Singh
The main motivation of this work is to evaluate performance and 
characteristics of a 6.5kV SiC Thyristor based current switch 
(series connected active switch and diode). A unique series 
resonant testing circuit has been proposed to characterize 
this switch. The device has been tested in several soft and 
hard turn on and off transitions. Conceptual simulation and 
hardware results have been presented. It has been shown 
that SiC Thyristor exhibit fast turn-on transitions (~200ns). This 
coupled with the fact that SiC-JBS Diode (connected in series) 
has fast reverse voltage commutation leads to an efficient and 
robust switch combination for a high voltage, high power and 
high frequency converter. The collected data has been used 
to estimate overall device losses of a high voltage high power 
resonant soft-switched converter.

SESSION on GaN Devices 1 
Chair: Sameh Khalil, Siddharth Rajan

Cascades

8058  Power Switching Transistors Based on GaN and AlGaN 
Channels                                     
Sanyam Bajaj, Ting-Hsiang Hung, Fatih Akyol, Sriram Krish-
namoorthy,.... INVITED PAPER
The III-Nitride material system has the potential to create a 
new generation of highly efficient compact power electronics. 
In this work we will describe our work towards understanding 
the device physics of metal-insulator-semiconductor III-Nitride 
transistors with enhancement mode operation. 

8074  HV GaN Reliability and Status                                    
Sameh Khalil, Tim McDonald, Shyam Hardikar, Steffen Sack,...
INVITED PAPER
To ensure successful market penetration and wide adaptation 
of GaN-based products, the focus now is on introducing highly 
reliable products that meet customer expectations throughout 
the lifetime of the end system. Therefore, the questions that 
are frequently posed are; what reliability requirements need to 
be demonstrated to assure GaN device and system reliability 
in target applications and whether or not Silicon based JEDEC 
standards are sufficient? A five faceted methodology has been 
proposed for new Power GaN products that will be discussed in 
this paper which attempts to address these questions.
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8025  Study of the Effects of Barrier and Passivation Nitride 
Stresses on AlGaN/GaN HEMT Performance Using TCAD 
Simulation                                      
Hiu Yung Wong, Nelson Braga, Vidas Mickevicius, Jie Liu
Using TCAD simulation, we studied the stress effect of pseu-
domorphically grown Al0.25Ga0.75N barrier and passivation 
nitride with intrinsic stress on the electrical characteristics of 
AlGaN/GaN HEMT. It is found that barrier stress can reduce 
the two-dimensional electron gas (2DEG) by as much as 15% 
and change the current by more than 10%, depending on 
the deformation potential values. Therefore, it is important to 
extract accurate conduction band deformation potential from 
experiment or first principle calculation. It is also found that the 
stress by passivation nitride will induce substantial piezoelectric 
(PE) charge under the gate region and can be used to adjust 
the pinch-off voltage through stress engineering for short gate 
length device.

SESSION on Gate Drive Circuits 1 
Chair: Xin Wu, Zheyu Zhang

Assembly Hall

8034  Realization of High Speed Switching of SiC Power Devices 
in Voltage Source Converters                                   
Zheyu Zhang, Fred Wang, D.J. Costinett, L.M. Tolbert, B.J. 
Blalock.
Four factors impact the high speed switching of SiC devices in 
voltage source converter (VSC), including limited gate driving 
capability, cross-talk, voltage spike, and parasitics of inductive 
load. This paper focuses on a solution to mitigate the adverse 
impact of aforementioned factors, including intelligent gate 
driver, optimal interconnection design, and auxiliary filter. By 
utilizing all techniques developed above, a three-phase VSC 
with Cree 1200-V/20-A SiC MOSFETs is established. Test 
results show that switching behavior of SiC devices in actual 
three-phase VSC fed motor drives can mostly repeat the excel-
lent switching performance tested by the optimally-designed 
double pulse test.

8070  Driving and Sensing Design of an Enhancement-Mode-GaN 
Phaseleg as a Building Block                                   
Lingxiao Xue, Dushan Boroyevich, Paolo Mattavelli
The approach of integrating a GaN phaseleg, current-boost 
drivers, and decoupling capacitors can significantly minimize 
the power loop inductance and the gate loop inductance. How-
ever, the driving scheme and sensing scheme are still critical 
and challenging in order to survive the highly noisy environ-
ment due to the GaN switching. A driving scheme of digital 
isolator plus isolated power supply is used for both switches of 
the phaseleg. To suppress the noise propagated to the PWM 
generating board, a common-mode choke and two Y-capacitors 
are used. A GaN boost converter proved the reduction of noise 
current through the PWM cables. For the sensing circuit design, 
filtering is necessary for all the sensors. Even with the filters, it 
turns out that only the DC current sensor can be placed with the 
phaseleg while the DC voltage sensor and AC current sensor 
have to stay away dv/dt and di/dt nodes.
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8082  Optimum gate driver design to reach SiC-MOSFET’s full 
potential – speeding up to 200 kV/μs                                 
Otto Kreutzer, Bernd Eckardt, Martin Maerz
Low conduction losses are one technical advantage of SiC-
MOSFETs compared to conventional IGBTs but this benefit is 
generally not enough to justify the much higher wafer costs per 
mm². The other very important advantage is the lower switching 
losses. A conventional power module design with externally 
connected gate drivers cannot even get into the region of what 
SiC-MOSFETs are capable to perform. One reason are high 
parasitic inductances caused by the module design (gate and 
drain-source inductance) but another reason is the very sensi-
tive gate structure of today’s SiC-MOSFETs compared to Si-
switches. This abstract reveals the requirements a driver has to 
fulfil to switch SiC-MOSFETs at their maximum switching speed 
and shows how it is done in practical applications. Differences 
in the gate behavior of SiC-MOSFETs and Si-competitors are 
illustrated. Practical solutions are depicted and evaluated for 
different applications.

BOXED LUNCH with EXHIBIT
12:30pm - 3:30pm

Solitude
(seating availability in Latham C)

3 Technical Sessions (in parallel)
3:30pm - 5:35pm

Smithfield/Cascades/Assembly Hall

SESSION on SiC Devices 2 
Chair: Victor Veliadis, Avinash Kashyap

Smithfield

8046  6.9-cm2 Active-Area Interconnected-Wafer SiC 4 kV Pin 
Diode Pulsed at 55 KA                                
Victor Veliadis. INVITED PAPER
To meet the large current requirements of power conditioning 
systems, paralleling of a large number of devices is required. 
This can increase cost and complexity through dicing, solder-
ing, insertion of ballast resistors, forming multiple wire bonds, 
increased module volume/weight, and reduced power density. 
To overcome these drawbacks, PiN diodes were interconnected 
on a SiC wafer to form a 6.9-cm2 active-area full wafer diode. 
The interconnected wafer diode blocked 4 kV and at a pulsed 
current density of 8 kA/cm2 and a rise rate of di/dt=1.3 kA/
µs, it conducted 54.8 kA and dissipated 149 J with an action 
of 420 kA2-s.
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8051  Excess Carrier Mapping Technique -A New Parameter 
Extraction Method for 4H-SiC Ambipolar Power Devices                               
Meng-Chia Lee, Xiaoqing Song, Alex Huang
This paper proposes for the first time a novel characterization 
technique that can directly profile the spatial excess carrier in 
the voltage supporting drift region of a power device based 
on inductive switching waveforms. The theory this method is 
based on is to translate the dv/dt during inductive switching to 
the local excess carrier (from V(t)-t to δp(x)-x). The informa-
tion of the extracted profile can be used to obtain (i) ambipolar 
lifetime and (ii) Stored excess charge at given current in the 
device and (iii) estimate the carrier density near the side where 
majority carrier is injected. This model is used to extract carrier 
distribution of a high voltage SiC IGBT and GTO but the model 
can also be applied to other bipolar devices such as Si IGBT. 

8039  Methodology to Qualify Silicon Carbide MOSFETs for 
Single Shot Avalanche Events                            
Vipindas Pala, Brett Hull, Jim Richmond, Philip Butler,...
Due to their high intrinsic temperature capability, Silicon Carbide 
devices can dissipate large amounts of energy during adiabatic 
events like avalanche and short circuit pulses, even though they 
have much smaller semiconductor volume compared to silicon 
devices of similar ratings. As a result, in SiC devices the internal 
temperature in the semiconductor can exceed maximum rated 
junction temperature by a large margin during adiabatic events 
before device failures occur. Therefore traditional methods of 
qualifying semiconductors– like 100 shot survivability without 
parametric degradation, or setting a maximum junction tem-
perature limit, can result in over-estimating or under-estimating 
SiC device capability respectively. In this paper we propose 
a framework to qualify SiC devices for adiabatic events by 
estimating a safe operating area using statistical methods and 
by validating that device reliability is not significantly degraded 
after the SiC device is subjected to the adiabatic event.

8037  SiC MOSFETs Connected in Series with Active Voltage 
Control                             
Patrick Palmer, Jin Zhang, Xueqiang Zhang
The controlled switching of SiC MOSFETs is particularly valu-
able for their connection in series. Experimental results show 
how voltage balancement can be achieved and differences in 
devices accommodated using an active voltage controlled gate 
drive. Significant stray inductance is also unavoidable in the 
series connection and typically produces dramatic ringing at 
turn off due to the interaction with the MOSFET capacitances 
and their relative scale in SiC. Experimental results show that 
ringing can also be mitigated by this gate control method. 
Turn-on of the series string is assisted by the use of SiC diodes 
with negligible recovery time, resulting in an almost ideal turn 
on. It is concluded that SiC MOSFETs and SiC diodes may be 
connected in series with advantages compared to IGBTs and 
Si diode technologies, and the benefits may be realised with 
the use of active voltage control. 
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8081  Recent Developments in GaN-based Optical Rapid Switch-
ing Semiconductor Devices                                
Sudip Mazumder, Jacob Leach, Xinmei Wang
This paper provides a brief outline on a relatively new line of 
work with focus on optically-switched GaN based devices.
 

SESSION on GaN Devices 2 
Chair: Siddharth Rajan, Sameh Khalil

Cascades

8032  Floating Body Effects in Carbon Doped GaN HEMTs                               
Martin Kuball, Michael Uren, Serge Karboyan, Indranil Chat-
terjee,.... INVITED PAPER
AlGaN/GaN-on-Si HEMTs are presently being developed for 
power applications. They use complex multilayer epitaxial 
structures, typically including a Carbon (C)-doped GaN buffer 
region, which strongly impacts not only physical parameters 
such as strain, but also leakage and dynamic Ron. We review 
the latest results on the present understanding of the dynamic 
1D and 2D buffer transport and charge trapping which it is 
essential to control for the optimization of power transistors. 
Use of the substrate bias ramp technique to evaluate transport 
mechanisms in the key epitaxial layers, and trapping in deple-
tion regions and at heterointerfaces is discussed as a critical 
technique. Simulations based on the measured leakage paths 
and defect properties can quantitatively predict measured 
dynamic behavior including saturation in dynamic Ron, defect 
originated RESURF effects, and positive and negative charge 
storage in the buffer. 

8072  Reliability and failure physics of GaN HEMT, MIS-HEMT 
and p-gate HEMTs for power switching applications                            
Enrico Zanoni, Matteo Meneghini, Gaudenzio Meneghesso, 
Davide Bisi,.... INVITED PAPER
Recent studies on the reliability of power AlGaN/GaN HEMTs, 
MIS-HEMTs and p-gate HEMTs are reviewed. All these devices 
are potentially affected by failure mechanisms accelerated by 
electric field, namely: trap generation, charge trapping and time 
dependent dielectric breakdown (TDDB) of the gate insulator of 
MIS-HEMTs and of the AlGaN layer in p-gate HEMTs; failure of 
the SiN dielectric at the gate edge on the drain side of AlGaN/
GaN Schottky gate HEMTs. In the case of MIS-HEMTs, different 
gate dielectrics (PE-ALD SiN, RT-CVD SiN and ALD Al2O3) 
have been tested. PE-ALD SiN shows lower threshold voltage 
hysteresis, lower frequency-dependent capacitance dispersion 
and longer time to failure during TDDB experiments. Finally, 
an optimized epitaxial structure has been adopted for Schottky 
gate AlGaN/GaN HEMTs, which introduces a weaker coupling 
between drain and body potential; a three orders of magnitude 
increase of lifetime has been obtained.
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8045  Activation Energy of Frequency-Dependent Drain-Conduc-
tance of AlGaN/GaN HEMT Evaluated with Low Frequency 
S-Parameters                                
Akio Wakejima, Tomotaka Narita, Yuki Katayama, Keiichi 
Tamesue,...
In this paper, we conclude that frequency-dependence of a 
drain conductance (Gd) in AlGaN/GaN HEMT at low frequency 
is caused by electron capture in the epilayer. A peculiar behavior 
in S22 of the AlGaN/GaN HEMT in low frequency (below MHz) 
S-parameters, which results from frequency dependence of a 
Gd, is observed. The activation energy of the process produc-
ing the frequency-dependent Gd can be estimated to be 0.13 
eV, which is as exactly same as that we obtain from pulsed 
I-V measurements with which an electron capture process 
can be evaluated. 
 

8067  Evaluation of 600 V GaN Based Gate Injection Transistors 
for High Temperature and High Efficiency Applications                                
He Li, Chengcheng Yao, Chaoran Han, John Alex Brothers, 
Xuan Zhang,...
In this paper, we present a comprehensive evaluation of 
the latest 600 V class Gallium Nitride based Gate Injection 
Transistor (GaN-GIT) for high temperature and high efficiency 
applications. In this study, the Panasonic GITs are used as the 
reference for latest GaN-GIT technology. Static and dynamic 
testing was performed on the two GaN-GIT versions to extract 
critical static parameters and switching losses. A curve tracer 
was used to measure the gate-to-source threshold value and 
static Rds(on) across the full operating temperature range. A 
double pulse setup was developed to test the devices switch-
ing time and hard-switching loss. The switching performance 
is temperature insensitive. Then, the dynamic on-resistance 
of the GaN-GIT was measured with an additional clamping 
circuit. Finally, an improved gate drive circuit for the GaN-GIT 
was proposed and validated to achieve MHz operation with 
smaller switching loss.

8023  Monolithic Integrated Quasi-Normally-Off Gate Driver and 
600 V GaN-on-Si HEMT                               
Stefan Moench, Richard Reiner, Beatrix Weiss, Patrick Wal-
tereit,...
This work reports on a 600 V GaN-on-Si power transistor 
with monolithic integrated gate driver. The circuit is based on 
Schottky-gate depletion-mode technology and fabricated on 
a 2×3 mm² chip. The push-pull gate driver stage implements 
a quasi-normally-off pull-up transistor, fabricated with mono-
lithic integrated series-connected Schottky diodes for positive 
voltage-level shifting in the source path of a d-mode HEMT. 
The measured gate-source threshold voltage of the fabricated 
quasi-normally-off pull-up transistor is +2.7 V as compared 
to -2.9 V of the normally-on pull-down transistor. Pulsed-IV 
measurements determine an effective gate driver resistance 
of around 2 Ω. On-wafer measurements of the power transistor 
show low off-state leakage-currents up to 600 V blocking volt-
age with high wafer yield and 150 mΩ on-resistance. Finally, 
inductive-load switching measurements up to 450 V, 14.3 A 
show maximum switch node slew-rates during turn-on and 
turn-off transitions as high as 250 V/ns. 

22



SESSION on Gate Drive Circuit 2 
Chair: Zheyu Zhang, Xin Wu

Assembly Hall

8009  Cross-Conduction Analysis for Enhancement-Mode 650-V 
GaN HFETs in a Phase-Leg Topology                             
Edward Jones, Fred Wang, Daniel Costinett, Zheyu Zhang, 
Ben Guo
Cross conduction is a well-known issue in buck converters 
and phase-leg topologies, in which fast switching transients 
cause spurious gate voltages in the synchronous device and 
a subsequent increase in switching loss. Cross conduction can 
typically be mitigated with a well-designed gate drive, but this 
is challenging with WBG devices. Phase legs using SiC and 
GaN devices can experience heavy cross conduction loss due 
to their exceptionally fast switching transients. Enhancement-
mode GaN heterojunction field-effect transistors (HFETs) in 
the 600-V class are now commercially available, with switching 
transients as fast as 200 kV/μs. A double pulse test setup was 
used to measure the switching loss of one such GaN HFET, 
with several gate drive circuits and resistances. The results 
were analyzed and compared to characterize the effects of 
cross conduction in the active and synchronous devices of 
a phase-leg topology with enhancement-mode GaN HFETs. 
 

8084  Design of a High-Bandwidth Rogowski Current Sensor for 
Gate-Drive Shortcircuit Protection of 1.7 kV SiC MOSFET 
Power Modules                               
Jun Wang, Zhiyu Shen, Rolando Burgos, Dushan Boroyevich
This paper shows a PCB-Rogowski current sensor designed 
for Cree 1.7 kV SiC MOSFET power module.

8090  Gate Drive Development and Empirical Analysis of 10 kV 
SiC MOSFET Modules                             
Andrew Lemmon, Ryan Graves
The purpose of this work is to empirically determine the maxi-
mum achievable slew rates of the current generation of Cree/
PowerEx 10 kV SiC MOSFET modules being developed under 
current ONR research programs. In order to accomplish this, a 
gate driver of appropriate current sourcing and sinking capabili-
ties is required. This digest presents a high-peak-current (80 A) 
gate drive design for the 10 kV SiC MOSFET half-bridge. Also 
presented are preliminary switching waveforms and tabulated 
slew rate and switching energy results obtained from a set of 
switching experiments conducted at a bus voltage of 1 kV. 

8087  Evaluation and Applications of 600V/650V Enhancement-
Mode GaN Devices                             
Xiucheng Huang, Tao Liu, Bin Li, Fred Lee, Qiang Li 
This paper presents elaborate evaluation of 600V/650V 
enhance-ment mode gallium nitride (GaN) devices. The switch-
ing loss mechanism and the impact of package and driving 
circuit param-eters are illustrated in detail. The hard-switching 
turn-on loss is dominant due to junction capacitor charge of 
the freewheeling switch. The turn-off loss is much smaller and 
it can be further improved by driving circuit parameters and 
packaging. The driv-ing circuit taking consider of high dv/dt 
and di/dt immunity is discussed. A few design examples are 
shown to demonstrate the advantage of GaN and the impact 
of GaN on system design. 
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8083  Ultra-Low Inductance Phase Leg Design for GaN-Based 
Three-Phase Motor Drive Systems                           
Xuning Zhang, Nidhi Haryani, Zhiyu Shen, Rolando Burgos, 
Dushan Boroyevich
This paper presents an improved phase leg power loop design 
for enhance mode Gallium Nitride (GaN) transistors, the static 
characterization results are presented. An improved power loop 
design with vertical structure is proposed to reduce current 
commutation loop inductance within a GaN phase leg. The 
control of Common Mode (CM) noise current propagation is 
also considered during the gate driver design. Power distribu-
tion structure of the gate driver and digital control circuits are 
optimized to control the propagation path of the CM noise cur-
rent. The design is verified through experiments on a phase 
leg prototype which prove the effectiveness of the proposed 
phase leg on the overvoltage reduction during current transition 
along with less cross-coupling between power loop and gate 
loop compared with conventional lateral power loop design. 
Finally, a three phase motor drive system is designed based 
on the proposed phase leg.  

Poster Session
5:35pm - 6:30pm

Latham D,E,F

SESSION on Devices 
Chair: Robert Kaplar, Sonny Xue

 
8004  An Extraction Method of Charge Trapping Site Distribution 

in AlGaN Layer in GaN HEMT                               
Kuniyuki Kakushima, Hitoshi Wakabayashi, Kazuo Tsutsui,...
The density and distribution of electron traps in AlGaN layer of 
GaN HEMT have been characterized. Based on electron tun-
neling between 2DEG and trap sites, the distance and density 
can be extracted with frequency dependent capacitance and 
conductance responses. With parameter fitting to measured 
capacitance and conductance spectra, a trap density of N_
bt=1e20 cm-3/eV has be extracted. With different gate voltage 
or measurement temperature, the trap distribution within the 
AlGaN layer can be extracted with the same frequency range. 
From measurement temperature dependency, a capture cross 
section σ of 7e13 cm2 with an activation energy of 0.03 eV 
has been extracted. 

8012  2-Phase 2-Stage Capacitor-Less Gate Driver for Gallium 
Nitride Gate Injection Transistor for Reduced Gate Ringing                            
Aaron Cai, Arnel C Herreria, Ban How Sin, Liter Siek
This work attempts to develop a driver IC to fulfill specific needs 
of Gallium Nitride (GaN) Gate Injection Transistor (GIT), which 
is a non-insulated gate enhancement mode GaN power transis-
tor. In order to resolve the leakage current issue at the gate, a 
two stage driver is adopted. This project proposes a 2-phase 
circuit to reduce the gate ringing. Simulation is conducted 
to verify the design and the proposed design demonstrates 
reduces the gate ringing. 
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8014  Experimental Performance Comparison of Six-Pack SiC 
MOSFET and Si IGBT Modules in Half-Bridge Paralleled 
Configurations for High Temperature Applications                           
Subhadra Tiwari, Ole-Morten Midtgård, Tore Undeland, Rich-
ard Lund
Paralleling of SiC MOSFETs allows higher power and lower con-
duction loss. It can be done in different ways such as discrete 
paralleling, multiple chip paralleling within the single module, 
and outside the module. However, the focus of this paper is on 
paralleling of the chips outside the module. The upper three 
and the lower three MOSFETs of the six-pack SiC MOSFET 
module (CCS050M12CM2) are paralleled forming a half-bridge 
configuration. Switching performance of CCS050M12CM2 is 
investigated experimentally using a standard double pulse 
test method. Moreover, the performance comparison of CC-
S050M12CM2, which is pin to pin compatible with Si IGBT 
module (FS75R12KT4_B15), is carried out in order to observe 
the consequences in switching and driving energy loss. The 
measured switching and driving losses are almost 4 times in 
FS75R12KT4_B15 compared to CCS050M12CM2. Voltage/
current rise/fall times, dv/dt, and di/dt are recorded for various 
dc-link voltages (300 V-600 V) and load currents (20 A-150 
A). This comparison aids to realize the benefits of SiC over Si. 

8020  A Novel Charge Based SPICE Model for Nonlinear Device 
Capacitances                               
Thomas Heckel, Lothar Frey
In this paper, we present a novel model for extremely nonlinear 
SiC and GaN device capacitances which provides simplification 
and ease of the modeling process. Furthermore, convergence 
errors are reduced compared to state of the art models and 
the simulation speed is enhanced by a factor of two. This is 
especially important for novel SiC and GaN devices which 
allow for increased switching frequencies and thus a higher 
number of switching cycles per time period. Moreover, the 
presented modeling approach can easily be automated which 
is a significant advantage compared to state of the art models. 

8040  A New AlGaN/GaN Power HFET Employing Partial Deep 
Trench Drain Structure for High Voltage Application                            
Inhwan Ji, Bongmook Lee, Sizhen Wang, Veena Misra, Alex 
Huang       
A new AlGaN/GaN heterojuction field effect transistor (HFET) 
employing the partial deep trench drain structure for high volt-
age application has been proposed and verified successfully 
to achieve low leakage current and small Rdson. In order to 
reduce leakage current and on-resistance of HFET devices, 
we propose a partial deep trench on drain edge adjacent to ac-
cess region for the first time, which contributes to reducing the 
surface electric field under the off-state. In addition, trenched 
area under drain Ohmic metal enhances Ohmic contact on 
the surface of AlGaN layer which reduces contact resistivity 
of drain Ohmic contact. The proposed deep trench drain suc-
cessfully reduces Ohmic contact resistance under the on-state 
and leakage current under the off-state at the same time. 

8054  Comparative Evaluation of 6kV Si and SiC Power Devices 
for Medium Voltage Power Electronics Applications                            
Xiaoqing Song, Alex Huang, Xijun Ni, Liqi Zhang
In this paper, three typical 6kV level Si and SiC power devices, 
including 6.5kV/25A Si IGBT from ABB, 6.5kV/15A normally
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off SiC JFET from USCi and a FREEDM developed series-
connected 6kV SiC JFET are comparatively evaluated for their 
static and dynamic performances. To better characterize and 
compare the forward conduction and switching performances 
of the 6.5kV Si IGBT and SiC single JFET, they are packaged 
in the same module. The series-connected 6kV SiC JFET is 
based on one 1.2kV SiC MOSFET from Cree and four 1.2kV 
SiC JFETs from Infineon connected in series. 

8059  Thermal Characterization of High Voltage GaN-on-Si 
Schottky Barrier Diodes (SBD) for Designing an on-Chip 
Thermal Shutdown Circuit for a Power HEMT                               
Dilip Risbud, Ken Pedrotti, Maire Power, James Pomeroy,...
Thermal characterization of multi-finger AlGaN/GaN Schottky 
Barrier Diodes (SBDs) designed in GaN-on-Si high voltage 
power technology is reported. An accurate thermal model 
was developed for the device structure to estimate the device 
temperature near the 2-DEG for various power densities. 
Temperature rise ΔT vs. power density, ΔT vs. device area, and 
temperature vs. depth in the epitaxial structure are presented. 
For high voltage power diodes and HEMTs, the temperature 
distribution is not homogeneous across the die, with each fin-
ger being a heat source. Using these results, a novel thermal 
shutdown circuit is designed to integrate with a discrete 600V 
power HEMT.  

8064  Suitability of N-ON recessed implanted gate vertical-
channel SiC JFETs for 1200 V solid-state-circuit-breaker 
applications                            
Victor Veliadis     
Normally-off (N-OFF) devices are generally preferred over 
normally-on (N-ON) for their ability to block voltage in the ab-
sence of control power. However, with a fault protection system 
primarily operating in the ON-state, N-ON devices increase 
system reliability as they require no active bias to maintain 
their rated conduction. A prerequisite for the suitability of SiC 
transistors for bidirectional solid-state-circuit-breaker (SSCB) 
applications is their reliable operation under the hard switching 
conditions encountered in the field. To investigate the JFET’s 
high-temperature and surge-current hard switching capabilities, 
a JFET was subjected to over 2.4 million pulsed hard switching 
events at 150 C from a 1200 V blocking state to an on-state 
current of 115 A, which is in excess of 13 times the JFET’s 
250-W/cm2 rated current at 150 C. The JFET exhibited no 
degradation. Furthermore, “fault” protection in a JFET based 
SSCB can be triggered optically by detecting the associated 
bipolar current recombination.

8066  Influences of DBC Metal Layout on the Reliability of IGBT 
Power Modules                            
Lin Liang, Tian Tian, Wei Xin, Fang Luo
This paper presents a study of the influences of DBC metal 
trace layout on the reliability of the high power IGBT module. 
The analysis is conducted based on a seven-layer IGBT 
package model with finite element analysis simulation, and 
the parametric study is carried out at different temperatures to 
simulate the thermal-cycling scenario. It shows in simulation 
that both the total deformation and the thermal stress do not 
balance even at the symmetrical edges of the module. The 
stress is higher at the edge of large metal area on the DBC.
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Thermal-cycling experiment results verify the analysis to a 
certain extent. With this knowledge, the paper proposes an 
improved layout by adding grids to the metal area. The new 
design can reduce thermal stress and achieve higher reliability 
of the module.

8071  Key Structure and Process for Pulsed Power Switch SiC 
RSD                              
Lin Liang, Ming Pan, Ludan Zhang, Yuxiong Shu
This paper focuses on the several key problems in the de-
sign and process for the new type pulsed power switch SiC 
RSD(reversely switched dynistor). By establishing the two-
dimensional electro-thermal coupling model, the temperature 
rise during the turn-on process is discussed. The feasibility of 
the reverse injection pre-charge caused by avalanche break-
down is proved. The big influence of the carrier lifetime in drift 
layer and the proper distribution of the cell structure at anode 
are analyzed. Reasonable ohmic contact results suitable both 
for P and N type are acquired by process exploring. The surface 
breakdown voltage is enhanced by the bevel edge termination. 
The above work has provided basis for realizing the pulse 
turn-on of SiC RSD. 

8075  A discussion on the DC and switching performance of a 
Gallium Nitride CAVET for 1.2kV application                           
Dong Ji, Srabanti Chowdhury
In this presentation we have chosen a GaN Current Aperture 
Vertical Electron Transistor (CAVET) to study its DC and 
switching characteristics using 2D drift diffusion ATLAS model 
and combining it with SPICE. The DC drain characteristics for 
an aperture length Lap=2 µm and drift region thickness 11 µm 
showed an ON-state resistance (RON) as low as 1.2mΩ•cm2 
with a breakdown voltage larger than 1.2kV. In addition, a 
1.2kV, 70mΩ CAVET was used in a cascode connection with 
a normally-off low power Si-MOSFET to achieve a normally off 
operation. A turn-on delay time of 2ns and fall time of 10ns is 
obtained, which gives a turn-on Δv/Δt of 80kV/µs. The turn-off 
delay time is 17ns and rise time is 8ns, which gives a turn-off 
Δv/Δt of 100kV/µs. The turn-on Δv/Δt of CAVET is 20x and 
turn-off Δv/Δt is 10x higher than International Rectifier (IR) 
standard Si-based IGBT with same voltage and current rat-
ing2. When compared to the Infineon 1200V SiC JFET3, the 
performance of the CAVET showed ~17% lower turn on time 
and 50% lower turn off time. 

8077  Comparison of Energy Losses in High-Current 1700 V 
Switches                           
Siddarth Sundaresan, Brian Grummel, Ranbir Singh
1700 V, > 50 A power transistors are required for traction AC 
motor drives used in industrial applications. A 1700 V/20 mΩ 
SiC Junction Transistor (SJT) was recently released – the high-
est current (single-chip) 1700 V SiC transistor commercialized 
to-date, with a maximum current rating of 100 A. This paper 
will present static, switching and reliability characteristics of 
1700 V, 20 mΩ SiC SJTs, along with a performance and en-
ergy loss comparison with two commercially available 1700 V, 
> 50 A Si IGBTs.
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8096  Performance Evaluation of Series Connected 1700V SiC 
MOSFET Devices                              
Kasunaidu Vechalapu, Subhashish Bhattacharya
In this paper, the issues encountered with the series connection 
of some the latest generation of wide band gap devices such 
as SiC MOSFETs will be presented. The wide spread of both, 
device leakage current and gate driver’s turn off/on delays 
presents significant challenges for the voltage balancing of 
series connection of multiple SiC devices; as well as for finding 
the right tradeoff between RC snubber losses, performance, 
size and semiconductor total switching losses. 

8038  Turn-on Capability of 22 kV SiC Emitter Turn-Off (ETO) 
Thyristor         
Lin Liang, Alex Huang, Woongje Sung, Meng-Chia Lee, Xiaoq-
ing Song,...
The turn-on characteristics for the SiC p-ETO are researched 
into in this paper. The influence of the device parameters and 
external circuit conditions on the turn-on speed is analyzed 
by experiments. The npn turn-on mode of ETO is captured 
in a high di/dt experiment for the first time, which proves the 
existence of the FBSOA for this kind of device in further and 
the possibility of its application in the converter without di/dt 
snubber. By establishing the two-dimensional numerical model 
of the SiC p-ETO and according to the intrinsic temperature for 
the SiC material, the simulated result of the model shows that 
the peak power density of the SiC p-ETO can reach several 
tens of MW/cm2. 

SESSION on Applications 
Chair: Sonny Xue, Robert Kaplar

8006  Consideration of Flyback Converter Using GaN Devices
Liming Liu, Joonas Puukko, Jing Xu
This paper presents the analysis and design of GaN devices 
based flyback converter. It is critical to optimize power loop and 
gate loop for flyback converter due to high dv/dt of GaN device. 
Different snubber circuits for GaN based flyback converter 
were compared. Magnetics selection for high frequency (HF) 
transformer was discussed in view of size, frequency, turn ratio 
and loss. A detailed power loss breakdown has been executed 
with core loss, cooper loss, leakage inductance loss, conduc-
tion loss and switching loss. Performance, such as current/
voltage stress, voltage spike, efficiency, ect., were analyzed 
and compared under different control modes. 

8016  Loss Analysis of a GaN Device Based Isolated Bidirectional 
DC-DC Converter for Battery Energy Storage System
Fei Xue, Ruiyang Yu, Wensong Yu, Alex Huang
This paper presents a 650V Gallium-nitride (GaN) device based 
isolated bidirectional DC-DC converter applied in battery energy 
storage systems. The power stage is bidirectional half-bridge 
center-tap converter with active clamp. Compared with 650V Si 
devices, the GaN devices have low switching loss, low output 
capacitance, ultra-fast freewheeling diode and low drain-source 
on-state resistance. To distinguish GaN from similar Si devices, 
a figure of merit for power devices operating in synchronous 
rectifying mode is proposed. The converter’s operating principle 
is analyzed in steady state. Switching losses of high voltage 
and low voltage side switches are simulated based on detailed 
PSpice models. The principle of extending the converter’s
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safe operation area by using GaN device is explained by calcu-
lating the loss in hard switching mode. A thermal simulation is 
conducted to predict its temperature. Experimental results are 
presented for a 1kW, 400-to-12 V prototype DC-DC converter 
operating at 100 kHz switching frequency, which demonstrate 
the validity of the analysis and simulation. 

8029  Two-Year Reliability Validation of GaN Power Semiconduc-
tors in Low Voltage Power Electronics Applications         
Benjamin Rhea, Luke Jenkins, Frank Werner, William Abell,...
This paper presents a reliability analysis of GaN FETs under 
typical operating conditions. The GaN FETs are operated in a 
low voltage point of load converter for two-years of continuous 
operation. The power devices are regularly characterized to 
observe any component degradation, such as an increase in 
on resistance or device failures. The results presented show 
zero device failures and only minor performance degradation 
over the span of two-years, and are promising for WBG semi-
conductor acceptance in the power industry. 

8041  Design of a High-Density, Diode-Less 1.2 kV, 90 a SiC 
MOSFET Half-Bridge Power Module
Christina Dimarino, Wenli Zhang, Rolando Burgos, Dushan 
Boroyevich
In this work, a 1.2 kV, 90 A diode-less SiC MOSFET half-
bridge module was designed, fabricated and tested. A survey 
of packaging materials and technologies was conducted, and 
the selections were based on the trade-off between cost and 
performance. The fabricated module has low gate- and power-
loop parasitic inductances (3 and 2.4 nH, respectively), and has 
more than twice the power density (7.8 W/mm3) and less than 
half of the switching loss (1.3 mJ) as similarly rated commercial 
half-bridge modules. 

8044  An Optimized Gate-Loop Layout for Multi-Chip SiC MOSFET 
Power Modules
Miao Wang, Fang Luo, Longya Xu
This paper studies the effect of gate loop layouts on the switch-
ing loss of multi-chip SiC MOSFET power modules. Six gate 
loop layouts were proposed based on the same standards, and 
the switching test was simulated where a 16.2% difference on 
the switching loss between a good and bad gate loop layout 
was observed. The results indicate that a reduction on the total 
switching loss will be achieved by a “mismatched” arrange-
ment, where the device with a large power loop inductance is 
assigned with a short gate loop, vice versa. In addition, shared 
gate loop traces between paralleled devices will further help 
reduce the switching loss. 

8053  Efficiency Optimization for a Power Factor Correction (PFC) 
Rectifier with Gallium Nitride Transistor
Sven Bolte, Norbert Fröhleke
In this contribution, a 1 kW one phase power factor correction 
(PFC) rectifier with a Gallium Nitride (GaN) transistor is opti-
mized considering switching speed and frequency in regard to 
the losses and volume of the PFC inductor. A driver circuit with 
negative voltage at switch off supplied from a unipolar voltage 
supply is proposed. The voltage overshoot in the commutation 
cell is reduced by adjustment of switching speed. A model of 
the PFC rectifier including conduction and switching losses
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of semiconductors, copper and core losses of inductor is devel-
oped and utilized to identify the best design by selection of core 
type and numeric optimization of switching frequency, number 
of turns and length of air gap. Simulation results show an ef-
ficiency of about 98.6% at full load with 230 V mains voltage.

8063  Integrated SiC MOSFET Module With Ultra Low Parasitic 
Inductance for Noise Free Ultra High Speed Switching         
Liqi Zhang, Suxuan Guo, Xuan Li, Yang Lei, Wensong Yu, 
Alex Q. Huang
A 1200V SiC MOSFET-gate driver integrated half-bridge (HB) 
module using direct bonded copper (DBC) substrate is de-
signed and fabricated for noise free high frequency operation. 
The layout of the integrated module is carefully designed to 
eliminate the EMI problem under high switching speed. Due 
to the significantly reduced stray inductance, the external 
gate driver resistance can be chosen as zero to maximize the 
switching speed and reduce the switching loss. Double pulse 
switching of the standard TO-247 and the integrated module 
are tested to verify noise free operation of the module under 
high dI/dt and dV/dt conditions. A half bridge inverter utilizing 
the integrated module is tested at 510 kHz, 800V, 46Apk-pk. 
Experimental results show the proposed integrated module can 
be applied for ultra-high frequency applications. 

8089  Development of Software to Design Passive Filters for EMI 
Suppression for a SiC DC Fed Motor Drives
Balaji Narayanasamy
This paper proposes a design tool to quickly design passive 
filters for suppression of EMI in DC fed motor drives. There 
are a number of factors affecting the size, topology and order 
of an EMI filter. During the design phase, the motor drives are 
tested under numerous conditions such as: different types 
of switching techniques, loads and layout of the test setup. 
This is to identify the optimum parameters that result in the 
best possible operating conditions for the motor drive. One 
of the most crucial part of the process is the design of EMI 
Filters which tends to occupy a considerable portion of the 
total volume. For each of the different testing criteria, the filter 
designed should ensure the motor drive meets the required 
EMI standard. The tool proposed is aimed at quickly arriving 
at optimal filter sizes and facilitates topology selection based 
on impedance mis-matching, includes effect of CM-Vs and the 
the propagation path impedances to optimize filter size. The 
data input to the software can be obtained from simulation or 
from a motor drive test setup. 

8092  A High Temperature Comparator in CMOS SiC
Ashfaqur Rahman, Kyle Addington, Matthew Francis, Matthew 
Barlow,...
This paper presents a three stage comparator with a positive 
feedback decision stage in CMOS SiC for high temperature 
applications. As integrated circuits in SiC have become more 
popular and integrated systems for gate drivers and regulators 
are becoming a possibility, the need for a general purpose volt-
age comparator in SiC that can operate at high temperatures 
has become more evident. The comparator presented here 
has achieved functionality at temperatures of 450°C and higher 
and can be used in a host of protection circtuis from UVLO, to 
desat and over current protection circuits.
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8094  A SiC 8 Bit DAC at 400°C         
Ashfaqur Rahman, Sajib Roy, Matthew Francis, Robert Mur-
phree,...
The 8 bit digital to analog converter presented in this paper has 
been designed in the Raytheon 1.2 um HiTSiC CMOS process. 
This is the first reported data converter in SiC and the first data 
converter to be operational at 400°C. The DAC can operate 
with a supply voltage range between 12 V to 15 V, and can 
support a full scale voltage range of 5 V to 8 V. The maximum 
DNL and INL are 7.64 LSB and 9.9 LSB at room temperature 
but at 400°C they improve significantly to 2.1 LSB and 3.7 LSB. 

8021  CM Noise Reduction of Isolated Converter by Balancing 
Technique
Nasir, Jon Cobb
Common mode (CM) EMI noise in an isolated converter is 
mainly due to parasitic capacitance occurring within the SMPS. 
It flows through the transformer coupling capacitance and the 
parasitic capacitance of switching MOSFETs and rectification 
diodes. Several techniques have been proposed in the literature 
to reduce CM noise. The most common techniques are com-
pensation, shielding, and the balancing-shielding technique. In 
this paper, a new balancing technique is described to reduce 
the noise of both parasitic capacitances of MOSFETs/Diode and 
transformer inter-winding capacitance. Analysis is presented to 
demonstrate the efficacy of the compensation method and the 
resultant reduction in EMI noise. Finally, the practical measure-
ment results obtained from a practical implementation of the 
new technique in a flyback converter topology are presented 
as verification of the benefits of the approach in comparison 
to the conventional method. 

8050  Design Considerations for High Power Density/Efficient 
PCB Embedded Inductor

 Mehrdad Biglarbegian, Neel Shah, Iman Mazhari, Babak 
Parkhideh
This paper presents the design and implementation of high 
power density and highly efficient air-core embedded inductor 
onto Printed Circuit Board (PCB) for 280W-5A/240nH, 280W-
12A/150nH and 280W-18A/50nH. The toroidal structure due 
to its better performance on interfacing electromagnetic fields 
(EMI), is investigated. In addition, thermal restrictions are 
considered at high current capacity by reducing the induc-
tor size. This will bring the advantage of lower resistivity and 
consequently the conduction loss. Other challenges such as 
temperature rise optimization of high current (18A) on the PCB 
is also investigated. First, parameter calculation for design 
consideration of an embedded inductor are presented, then 
JMAG simulations are used to observe precisely the tempera-
ture rise profile distribution in different sections of the inductor. 
An optimized design to achieve high efficient inductor and 
simultaneously high power density is proposed and several 
experiments and accurate designs are shown. The primary 
results show an acceptable temperature rise for high current 
(18A) inductor without the heat sink. 
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I: WBG Power Electronics for the More Electric Aircraft 
(MEA) 

       Joseph A. Weimer
 The MEA initiative embraces the concept of using electri-

cal power for driving aircraft subsystems which are typically 
driven by hydraulic, pneumatic and mechanical power. Power 
electronics provides the means to drive electric actuators, 
electric fuel pumps and other subsystems at variable speed.  
Furthermore, power electronics is used to condition the power 
from the aircraft’s generators and used in over current circuit 
protection devices, replacing conventional circuit breakers and 
contactors.  The presentation will review the role of WBG power 
electronic for the MEA.

Biography

Joseph A. Weimer has over 39 years of experience in electrical 
power and power electronics engineering.  Upon graduating 
from the University of Dayton in 1977, with a degree in electrical 
engineering, he joined the Dayton Power and Light Company 
where he worked in the Electrical Distribution Engineering 
Department.  In 1981, Mr. Weimer joined the Aerospace Power 
Division as project engineer, where he was responsible for the 
research and development of electrical machines and motor 
drives, fault tolerant electrical distribution systems and com-
ponents, power semiconductor devices and passive power 
electronic components. Mr. Weimer received his MSEE degree 
in electrical engineering from the University of Dayton in 1985.  
He holds 4 patents related to power electronics and electrical 
machines.  He is a registered Professional Engineer in the 
State of Ohio.  Mr. Weimer has been Technical Advisor/Chief 
of the Power Division’s Electrical Systems Branch since 1989.

II: Power Semiconductor Devices- Development Trend 
and Application Challenges- will Silicon be replaced 
by WB-Technologies? 

       Leo Lorenz
Having a look at the ITRS (lnternational Technology Roadmap 
for Semiconductors) it can be seen that since the middle of the 
90ties power semiconductors are not any more pure technology 
driven devices such as memory products. The feature size is 
having a minor influence on the performance improvement. The 
major improvement in electrical performance is coming from the 
overall Silicon utilization (vertical- & horizontal optimization). 
Based on this idea the technology Roadmap follows a chip 
horizontal optimization e.g. smaller feature size is translated
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into higher cell densities and a vertical optimization to minimize 
the drift layer and reduce the bulk substrate material signifi-
cantly. This power device main stream technology development 
is applied to all device types such as the lGBT, Fast Recovery 
Diode, Super Junction Transistor low voltage MOSFET and 
WB Technologies.

However it has to be considered that the new generation 
of power dies having a smaller chip volume. A smaller chip 
volume translates into higher switching speed, extremely high 
knowledge for chip design is required as well as application 
engineering to operate the devices in short-circuit, avalanche 
and how to optimize the thermal management. To improve 
the cooling performance and reliability of the device new chip 
interfacing technologies have been developed.

The megatrends of our modern society such as energy ef-
ficiency, E-Mobility and Renewable Energy Technologies are 
asking for green power Electronic solutions. Power semi-
conductor devices are an enabling technology to meet these 
requirements. The major electrical improvement of the new 
generation of power devices is coming from SMART chip design 
based on more than 40 years dedicated experience. The reli-
ability and ruggedness of these new power semiconductors is 
driven by an advanced chip silicon design and new interfacing 
and packaging technology. For ultra high efficiency and ultra 
high power density system solutions WB-devices are being 
developed. However it has to be considered that the application 
engineer is faced with new challenges of how to manage all 
the parasitic , the thermal management and the circuit design.
 
In the presentation the development trend of WB-devices 
will be shown and the challenges in packaging technologies 
and system application will be discussed. Advanced devices 
structures will be highlighted and their impact on the electrical 
and thermal performance outlined. The electrical performance 
of both devices families in some specific system applications 
will be demonstrated.

Addressing the wide range of power electronic applications 
- from “Mili Watt Power” needed for the operation of mobile 
phones up to “Giga Watt Power” for energy transmission lines- 
and looking into power electronics potential for energy efficiency 
and sustainability in all these applications a variety of different 
power device technologies will remain in the next decades. The 
power semiconductor industry is well prepared to remain as a 
key technology driver for future power electronics converters.

Biography

Leo Lorenz received the M.Eng. degree from Univ. of Berlin 
Germany in 1976  and the PhD. degree (first class Hons.) 
from University of Munich in 1984 (Germany).  He is currently 
Technology Advisor for New Power Semiconductor Devices at 
Infineon Technologies Munich. From 1988 to 1998 he was Se-
nior Director at Siemens responsible for Power Semiconductor 
Devices in Automotive & Industrial Application. From 1998 to 
2012 he served as Senior Principle in Application and Concept 
Engineering for all power semiconductor Technologies in Mu-
nich/Singapore/Shanghai. In this field he has published more 
than 400 Journal/conference papers with a high citation rate
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and is the owner of more than 60 patents. He gave more than 50 
key note presentations at high level Summits and Conferences.
Beside his work in Industry he is a Honorable/Adjunct Professor 
at several Universities in Germany and Worldwide . In this func-
tion he provides courses on power semiconductor technologies 
and supervised more than 20 PhD Students.

Dr. Lorenz is one of the Key Founder of ECPE (European 
Center of Power Electronics) and since the foundation in 2003 
President of this organization. He is Founder/Co-founder of 
several conferences such as CIPS (Conference on Integrated 
Power Systems),  PCIM Asia, ISPSD, etc. He served as Gen-
eral Chair of several Conferences e.g. CIPS since 2005, EPE 
2005, ISPSD 1997, PCIM since 2001 and is in the Advisory 
Board of all of these Conferences. Dr. Lorenz received several 
times the best paper Award at IEEE Conferences. In 1996, 98 
and 99 he received the Siemens Innovation Award and from 
the German Industry Society the Innovation Award in 2002.
Beside these he received several high level IEEE Awards e.g. 
IEEE-ISPSD Outstanding Contributory Award in 2010 (Japan), 
the IEEE- Gerald Kliman Innovator Award in 2011 (USA) and 
the IEEE- William E. Newell Power Electronics Award in 2012 
(USA), Ernst Blickle Award in 2015 (Germany)

He is a distinguished lecturer at several Universities since 2003. 
He owns an IEEE- Fellowship since 2006 and is a Member of 
German Academy of Science since 2005. Dr. Lorenz is in the 
Advisory Board of several Research Institutions e.g. Fraunhofer 
Institute, Robert Bosch Center, CORPE Denmark etc. and a 
Technology Advisor/Reviewer of Governmental Organizations 
and Funding Programs.

III: 10 kV SiC BJTs – static, switching and reliability 
characteristics

       Ranbir Singh
 A comprehensive evaluation of temperature-dependent on-

state, blocking, switching and reliability characteristics of 
single-stage and cascaded (Darlington-pair) 10 kV-class SiC 
NPN BJTs are presented in this paper. Experimental data from 
long-term, high-temperature on-state and blocking bias stress 
tests, short-circuit switching, and avalanche ruggedness tests 
are presented for the first time on a 10 kV-class power switch. 
Open-base breakdown voltages as high as 10500 V are mea-
sured, equating to 91% of the theoretical avalanche limit and 
125 V/μm (for the 84 μm thick/7x1014 cm-3 doped n- collector 
layer) – these are best-in-class results. An on-resistance of 110 
mΩ-cm2 close to the unipolar limit (94 mΩ-cm2) and current 
gain of 75 are measured on a single-stage BJT, while partial 
conductivity modulation of the n-collector layer in the cascaded 
BJT enables a low differential on-resistance of 44 mΩ-cm2. A 
current gain as high as 3400 is also measured on the cascaded 
10 kV BJT. When turned-on to a short-circuited load at a col-
lector bias of 4500 V, the 10 kV BJT shows a withstand time 
in excess of 20 μs, at a base-plate temperature of 125 °C. 
Perfectly flat output characteristics in the active region (near-
infinity Early voltage) result in no increase of the short-circuit 
current, as the Collector bias is increased from 1400 V to 4500 
V. Preliminary HTRB measurements on a 0.025 cm2 BJT at 
a Collector bias of 5kV (VBE=0V) and TC =125 °C indicate 
near-perfect stability of leakage current after 160 min of
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high-voltage DC stress.

Biography
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MD. He has served on the Technical committee of the Interna-
tional Symposium on Power Semiconductor Devices and ICs 
(ISPSD) from 2002-04, and IEDM in 2004. In May 2003, and 
again in May 2004 he received the IEEJ Technical Development 
Award for the development of ultra high voltage SiC devices. 
He received the B. Tech (Electrical Engineering) degree from 
Indian Institute of Technology (IIT), Delhi, India. He received 
his MS & PhD degrees from North Carolina State University 
(NCSU) under the tutelage of power device pioneer Prof. B. 
Jayant Baliga. 

IV: Vertical GaN Devices
       Isik C. Kizilyalli
 Power electronics is the interface between an electrical source 

and a load that can differ in frequency, amplitude, number of 
phases, and where voltages and currents can be converted 
from one form to another. The building blocks comprising a 
power electronics system include power semiconductor de-
vices, gate drivers, controller circuits and the like. To date, the 
power semiconductor components of this system have been 
well served by silicon based diodes and transistors (MOS-
FETs, IGBTs). While the performance of silicon-based power 
semiconductor devices have improved over the past several 
decades resulting in tremendous improvements in efficiency, 
size, weight, and power density of power electronic systems, 
these devices are rapidly approaching the fundamental material 
limits of silicon. This has resulted in a rapid expansion of efforts 
to develop wide-bandgap power semiconductor alternatives uti-
lizing SiC and GaN. Desirable properties associated with GaN 
and related alloys and heterostructures include large bandgap 
energy which implies low intrinsic carrier concentrations useful 
for high temperature operation, favorable transport properties 
(large electron mobility and saturation velocity), a high break-
down field, and high thermal conductivity.  SiC diodes have 
already been commercialized and they are increasing market 
share in applications that demand higher efficiency. There is 
great interest in developing GaN-based vertical power devices 
because the fundamental material based figure of merit (FOM) 
of GaN is significantly better than SiC. 

 In this presentation vertical PN diodes, Schottky diodes, and 
vertical transistors fabricated on pseudo bulk GaN substrates 
are discussed. The measured PN devices demonstrate break-
down voltages as high as 4000V with a differential specific on-
resistance of 2.8mΩ-cm2. Furthermore, large area (16mm2) PN 
diodes with pulsed current of 400A and breakdown voltages of 
700-1400V are demonstrated indicating the recent advances
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in the bulk GaN substrate technology. To this end, early com-
parative studies of p-n junction fabricated using pseudo-bulk 
versus true bulk GaN (scalable ammonothermal, Na-flux ammo-
nothermal) substrates will be presented. GaN device avalanche 
capability and ruggedness is studied using repetitive inductive 
testing. Critical electric field, mobility, and hole minority carrier 
lifetime parameters for epitaxial GaN layers grown on bulk 
GaN are extracted from electrical measurements. The reverse 
recovery time of the vertical GaN PN diode measured by double 
pulse testing is not discernible. This is because the switching 
speed of the GaN diode is limited by capacitance rather than 
minority carrier storage and hence its switching performance 
exceeds that of the highest speed Si diode. Lastly, normally 
ON and normally OFF vertical junction field effect transistor 
results are discussed including process advancements and 
reliability studies.

Biography

Isik C. Kizilyalli received the B.S., M.S. and Ph.D.  (1982, 
1984, and 1988) degrees from the University of Illinois in 
Urbana. His doctoral thesis was in the area of computational 
semiconductor device physics. His career since spans fun-
damental research in semiconductors to technology develop-
ment, and commercialization of innovation. Currently, he is the 
founder and Chief Technical Officer of Avogy Inc., a venture 
backed start-up concerned with GaN power electronics, energy 
efficiency, and power systems. Previously he was with Bell 
Laboratories, followed by Nitronex Corporation, and solar PV 
startup Alta Devices where his group holds the world record 
for single junction solar cell conversion efficiency. Dr. Kizilyalli 
was elected a Fellow of the IEEE in 2007 for his contributions 
to Integrated Circuit Technology, received the Bell Laboratories’ 
Distinguished Member of Technical Staff award, and received 
the Best Paper Award at ISPSD (International Symposium on 
Power Semiconductors and ICs) - 2013. He has published more 
than 100 papers and holds 93 U.S. patents.

V: Now and Future of Wide Bandgap Semiconductor 
Devices       

 Hiromichi Ohashi
 In the last decades, wide bandgap semiconductor materials, 

like SiC and GaN, have attracted attention as new semicon-
ductor materials for making breakthrough in the limitation of 
conventional silicon power devices. At the same time, advanced 
silicon power devices have been still keeping progress in tech-
nology as major power devices. In the presentation, the wide 
bandgap power semiconductor power devices possibilities are 
discussed, taking issues to be solved for pushing into a real 
market of new generation power electronics applications in 
sight.

Biography

Hiromichi Ohashi received the Ph.D. degree in electronics 
from Tohoku University, Sendai, Japan. From 1969 to 2002, 
he joined the Corporate Research and Development Center, 
Toshiba Corporation, Kawasaki, Japan. He was a professor 
of Tokyo Institute of Technology, Tokyo, from 2003 to 2005. 
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From 2003 to 2013, He was an invited researcher of the Insti-
tute of Advanced Industrial Science and Technology, Tsukuba, 
Japan. From 2014 he is a president of the New-generation 
Power Electronics and system Research Consortium Japan. 

He was the General Chairman of ISPSD’95. He is a recipient 
of the Medal with Purple Ribbon from the Japan Government 
for his contribution to high power light triggered thermistors for 
power transmission network of Japan.

BREAK
10:30am - 10:45am

Latham Foyer

3 Technical Sessions (in parallel)
10:45am - 12:25pm

Smithfield/Cascades/Assembly Hall

SESSION on SiC Devices 3 
Chair: John Hostetler, Victor Veliadis

Smithfield

8013  Bias-Temperature Instability in SiC MOSFETs                                       
Aivars Lelis, Ron Green, Daniel Habersat. INVITED PAPER
Instability of the threshold-voltage (VT) in SiC MOSFETs, first 
reported at the 2005 ICSCRM [1], has become an important reli-
ability issue in the past few years. As such, it has been studied 
by a number of different research groups in recent years [2-14]. 
This work reports on three important aspects of the issue: (1) 
the VT instability observed in commercial devices during a 
bias-temperature stress, (2) the basic mechanisms driving this 
instability, and (3) the need for improved test methods when 
qualifying devices.  

8031  Channel Mobility and Threshold Voltage Characterization 
of 4H-SiC MOSFET with Antimony Channel Implantation                                      
Yongju Zheng, Tamara Isaacs-Smith, Claude Ahyi, Sarit Dhar,...
Employing surface counter-doping by Antimony (Sb) and 
NO passivation, high channel mobility and positive threshold 
voltages have been achieved on lateral MOSFETs with mod-
erately heavy p-body doping, at similar levels to vertical power 
MOSFETs. To some extent, desired threshold voltage could be 
obtained by varying p-body doping concentration. However, 
no further improvement of channel mobility is observed with 
higher surface Antimony dose higher than 2.5E13/cm^2. The 
compensation between the large amount of activated Al (p-type 
dopant) and relatively smaller amount of Sb was observed to 
diminish the counter-doping effect of Sb. 
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8062  Understanding Switching Losses in SiC MOSFET: Toward 
Lossless Switching
Xuan Li, Liqi Zhang, Yang Lei, Suxuan Guo, Alex Q. Huang, 
Bo Zhang
Due to the limitation in circuit measurements using current and 
voltage probes, the conventional ways of measuring switching 
losses lack the physical insight of the complicated witching 
process in power devices such as the SiC power MOSFET. This 
paper seeks to have a better understanding of the dynamic turn-
on and turn-off processes of the SiC power MOSFET. Using a 
detailed finite element simulation model in TCAD Sentaurus, 
a better and accurate understanding of switching losses in SiC 
MOSFET is obtained. The physical insights during switching 
process, as well as the impact of gate resistance and common 
source parasitic inductance are studied. Based on the results 
obtained in this study, SiC MOSFET can achieve lossless 
switching for both turn-on and turn-off if certain conditions 
of its gate drive circuit and load current conditions are met. 
Therefore this analysis provides a theoretical guidance for high 
voltage SiC MOSFETs to be used in extremely high switching 
frequency applications.  

8061  Characterization and Prediction of the Avalanche Perfor-
mance of 1.2 kV SiC MOSFETs
Christina Dimarino, Brett Hull
This paper reports the avalanche capabilities of commercial 
1.2 kV SiC MOSFETs that were evaluated through a series 
of unclamped inductive switching tests. Various non-repetitive 
avalanche conditions were tested in order to fully evaluate the 
ruggedness of the SiC MOSFETs. From this testing, a bound-
ary was drawn to identify the typical avalanche ruggedness of 
each device. It was shown that, unlike similarly rated CoolMOS 
devices, the SiC MOSFETs could withstand avalanche currents 
that are 1.5 times that of their dc continuous rating. It was also 
discovered that the avalanche boundary is scalable to other 
types of Cree SiC MOSFETs. 

SESSION on PFC and Other Applications 
Chair: Mark Scott, Fritz Kub

Cascades

8055  Semiconductor-Based Galvanic Isolation
 Xuan Zhang, He Li, Chengcheng Yao, Jin Wang

INVITED PAPER
This paper presents the semiconductor-based solution for 
galvanic isolation. The isolation is achieved by utilizing the 
semiconductor switches to deliver DM power during the ON 
states, while blocking CM leakage current during the OFF 
states. It features elimination of magnetic components, simple 
structure, and easy control. The isolation voltage and touch 
current (TC) are evaluated following the safety standards. 
A derived circuit model shows that high voltage rating, low 
output capacitance, and low on-resistance of the switches 
are required. A 400-W/400-V isolated dc/dc converter based 
on 1.7-kV SiC MOSFETs is built. The TC results meet the 
standard requirement. 

8030  Design of GaN Transistor-Based Class E DC-DC Converter 
with Resonant Rectifier Circuit

 Kyung-Hwan Lee, Euihoon Chung, Gab-Su Seo, Jung-Ik Ha
 This paper proposes a novel design of class E dc-dc converter 

with a resonant rectifier circuit. Class E converter is 
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 advantageous in MHz switching. In this paper, the resonant 
rectifier is used to construct dc-dc converter. The benefit of 
the resonant rectifier over the conventional rectifiers is that 
the rectifier diode turns on and off at low dv/dt, thereby reduc-
ing switching loss and noise. Here we focus on the analysis 
of the resonant rectifier and find the condition that the rectifier 
appears resistive. A 6.78-MHz prototype is implemented with 
an enhancement-mode GaN FET, and experimental results 
validate the proposed design. 

8085  Operation Analysis of Digital Control based MHz Totem-
pole PFC with GaN Device
Zhengyang Liu, Zhengrong Huang, Fred Lee, Qiang Li, Yuchen 
Yang
This paper presents an accurate analytical model to calculate 
the control switch on-time of voltage mode gallium-nitride (GaN) 
devices based MHz critical conduction mode (CRM) power 
factor correction (PFC) rectifier. The purpose of this model is 
for digital control implementation of the GaN-based MHz PFC. 
By making the average input current equal to the sinusoidal 
reference current in the whole line cycle, the calculated on-time 
can be applied in voltage-mode-based CRM PFC, to achieve 
low input current distortion and high power factor. The model 
considers the resonance between inductor and switch para-
sitic capacitor, which improves its accuracy at MHz switching 
frequency range. In addition, this model is applicable when 
zero-voltage-switching (ZVS) extension is applied.

8036  Testing of a Novel Medium Voltage Impedance Measure-
ment Unit
Karl Schoder, Mischa Steurer, Ferenc Bogdan, John Hauer,...
In recent years the interest in deriving new concepts for electric 
distribution systems that build on power electronics converter 
interfaces for system components has increased rapidly. This 
interest is based on the promise that the power electronics 
based interfaces between distribution and generation/loads 
bring about higher efficiency, compacter implementation, and 
improved controllability. Nevertheless, ensuring stability of 
these converter dominated systems is a challenge. One means 
of analyzing stability properties is through measuring imped-
ances, i.e., measuring input and output impedances of con-
nected components. This paper presents results of testing the 
first available medium voltage impedance measurement unit. 

SESSION on Power Modules and Packaging 1 
Chair: Shirley Zhang, Timothy Han

Assembly Hall

8010  Assessment of PSpice Model for Commercial SiC MOSFET 
Power Modules

 Daniel Johannesson, Muhammad Nawaz
 An assessment of a PSpice model for high current SiC MOSFET 

power modules has been performed. The static and dynamic 
characteristics of a 1.2 kV 800 A SiC MOSFET has been mea-
sured for parameter extraction and validation of the model. The 
simulation model is implemented in PSpice circuit simulation 
platform. The static characteristics of the model is verified for 
two temperatures, 300 K and 423 K. The dynamic performance 
is validated at drain-source voltage of 700 V and a switching 
current of 350 A. The simulated static and dynamic character-
istics shows an overall fair agreement with experimental data. 
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8088  Design of a Silicon-WBG Hybrid Switch
Amol Deshpande, Fang Luo
In this paper, a hybrid switch consisting of a Si IGBT in paral-
lel with GaN HEMT within a single package is proposed for 
hard switching inverter. The hybrid switch enables heavy load 
conduction through IGBT; light load and transient conduction 
through GaN device. This feature is realized through an innova-
tive control scheme. This work explores the various possibility 
of controlling this switch and detailed guidelines for realizing 
the proposed control are presented. Results indicate elimina-
tion of the effects caused by the tail current during turn-off of 
IGBT; lower or no reverse recovery charge and fast switching 
capabilities of GaN device offer significant reduction in the 
switching energy loss leading to higher switching frequencies. 
The paper specifically investigates the gating sequence for the 
hybrid switch to achieve the optimal operation point between 
the high switching frequency and low losses. 

8056  6.5 kV Enhancement Mode SiC JFET Based Power Module
 John Hostetler, Xueqing Li, Peter Alexandrov, Xing Huang,...

United Silicon Carbide, Inc. (USCi) has developed a novel low-
loss 6.5kV enhancement-mode SiC JFET chipset to address 
transformerless grid-tie, variable frequency drives (VFD) for 
industrial motors, heavy vehicle motor traction and other high 
DC-link voltage applications. The JFET devices demonstrate 
excellent switching losses, approximately ~20X less than 6.5kV 
Si-IGBTs. The new JFET devices were packaged along with 
6.5kV rated SiC JBS diodes in a half-bridge configuration to 
form an all-SiC high temperature power module rated at 60A. 
The module performance parameters vs. temperature were 
evaluated and are presented. Turn-on and turn-off behavior 
of the module and the nature of paralleling enhancement-
mode JFETs are presented. The power modules were tested 
in a buck converter where switching a bus voltage of 3.3kV 
at 10kHz and 15kHz was achieved and module power losses 
estimated. The fast-switching medium voltage SiC module 
can have a large impact on reducing system components and 
targets next generation power conversion systems seeking 
higher power densities. 

8068  Package Influence on the Simulated Performance of 1.2 
kV SiC Modules

 Zichen Miao, Yincan Mao, Woochan Kim, Khai Ngo
 Power modules with well-behaved terminal waveforms could 

still have their dice suffering from false triggering. Immunities 
to false triggering and current unbalance, and switching energy 
of four commercial 1.2 kV SiC modules (modules A, B, C, and 
D) are compared by studying the simulated channel current 
of each MOSFET die in the presence of package’s parasitic 
impedances. For module B, gate inductance and Kelvin-source 
inductance of the low-side switch reaches 111 nH and 103 
nH, respectively, and 15 Ohm gate resistor is added inside 
the module to mitigate the false triggering. For modules A, B 
and C, cross(talk-induced) turn-on are noticed internally even 
though terminal waveforms look normal. Module C switches 
with severe current unbalance and cross-turn-on because of 
asymmetry in the layout of its power loop. Module D’s sym-
metrical layout suppresses current unbalance and cross-turn-on 
at the expense of switching energy, which is the largest among 
the modules.  
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LUNCH
12:25pm - 1:15pm, Latham C

Panel Discussion
1:15pm - 3:15pm

Alumni Assembly Hall

WBG Power Device Packaging: Challenges and Opportunities 

Chair & Facilitator:  Alex Huang
  North Carolina State University

Panelists:  Iulian Nistor
  ABB Corporate Research
  Jared Hornberger
  CREE Fayetteville
  Michael D. Glover
  University of Arkansas 
  Zhengxian Liang
         Oak Ridge National Laboratory 
  Doug Hopkins
  North Carolina State University

BREAK
3:15pm - 3:30pm

Latham Foyer
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3 Technical Sessions (in parallel)
3:30pm - 5:35pm

Smithfield/Cascades/Assembly Hall

SESSION on Renewable and Energy Storage Applications 
Chair: Fritz Kub, Luis Arnedo

Smithfield

8049  DC Ripple Current Reduction on Multilevel Multiport 
Single-Phase DC/AC Converter for Renewable Energy 
Applications
Mohammed Alsolami, Luis Herrera, Jin Wang
The paper presents an approach for DC-link 120 Hz ripple 
power cancellation in single-phase DC/AC converter without 
adding auxiliary circuit. The converter is utilizing the superior 
features of the switched capacitor circuit and the gallium nitride 
devices to achieve high efficiency and power density. It has 
two-port, the first port which has higher voltage is connected 
to an ac capacitor with fixed capacitance C_ac to absorb the 
120 Hz dc ripple whereas the second port is designed to be the 
output. A small size DC-link capacitor can be achieved through 
coordination the phase difference between the two-port of the 
converter to cancel the second-order frequency. Comparing to 
the conventional H-bridge converter, the ac capacitance can be 
reduced by 40 times. A 2 kW prototype of the proposed inverter 
is built, which currently achieves a peak efficiency of 98.3%. 

8069  A High Efficiency Inverter Design for Google Little Box 
Challenge
Lanhua Zhang, Rachael Born, Xiaonan Zhao, Jih-Sheng Lai
This paper proposed a high efficiency standalone inverter 
design for Google Little Box Challenge (LBC). A full bridge 
inverter is designed with two high frequency legs and one low 
frequency leg. To improve the system efficiency, asymmetrical 
unipolar modulation is utilized and interleaved switching is used. 
The synchronization between high switching frequency leg and 
low switching frequency leg is studied and implemented based 
on a TI micro-controller, which minimized the zero-crossing 
distortion on the output voltage waveform. A prototype hardware 
utilizing GaN devices has been developed and tested. A peak 
efficiency with 99.30% and a CEC efficiency with 99.26% are 
both achieved. 

8052  High Power Density Single Phase Inverter Using GaN Fets 
and Active Power Decoupling for Google Little Box Chal-
lenge

 Ahmed Morsy, Micheal Bayern, Prasad Enjeti
This paper presents a comparison between mitigation tech-
niques for double line frequency ripples in single phase micro-
inverters based on GaN FETs. A topology based on an auxiliary 
DC-AC stage is adopted based on optimizing both power 
density and efficiency to achieve the pressing needs for the 
next generation of micro-inverters as announced by Google’s 
little box challenge. An accurate yet simple control algorithm is
proposed that provides a ripple-free DC current. Experimental 
results demonstrate the effectiveness of the presented topology 
and control algorithm to achieve high power density micro-
inverter rated at 2kW.  
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8018  Sizing SiC Storage Inverters for Fast Grid Frequency Sup-
port
Anderson Hoke, Kevin Bennion, Vahan Gevorgian, Sudipta 
Chakraborty,...
It has been proposed to use energy storage systems (ESSs) 
to mitigate frequency transient events. We propose to design 
SiC ESS inverters such that the SiC device ratings are obeyed 
during mild frequency events but are exceeded during rare, 
major events, for a more economical inverter design. In sup-
port of this proposal we present: 1. A statistical analysis of grid 
frequency events in the U.S. 2. A switch-level ESS inverter 
simulation using SiC devices with detailed loss estimates. 3. 
Thermal analysis of the SiC power modules during a worst-
case frequency event, showing that the modules can survive 
the brief overcurrent. 

8005  An E-mode GaN HEMTs Based Three-Level Bi-directional 
DC/DC Converter Used in Robert Bosch DC-Grid System
Hua Bai, Juncheng Lu
Instead of using 1200V SiC MOSFETs for the >600V applica-
tions, this paper utilized 650V E-mode GaN HEMTs to build 
a three-level DC/DC converter. The DC-bus voltage is 800V, 
the output voltage of 380V and the power is 2.5kW with the 
bidirectional power-flow capability. Simulation and experimental 
results show that such design strategy is superior to a single 
1200V SiC MOSFET based DC/DC converter in terms of the 
switching and conduction performance. On the other hand, in 
order to better understand the performance of GaN HEMTs, 
hard-switching technology is used to fully test the switching 
behaviors. Two GaN HEMTs are in parallel to enhance the 
power capability, which requires the special focus on the 
parasitic parameters. The effects of parasitics especially the 
stray inductance in the commutation loop and the gate-drive 
loop during switching transitions have been comprehensively 
analyzed and discussed in this paper.  

SESSION on Transportation Applications 
Chair: Luis Arnedo, Mark Scott 

Cascades

8091  Advances in SiC-Based Power Conversion for Shipboard 
Systems

 Terry Ericsen, Ravisekhar Raju, Sharon Beermann-Curtin,...
 This paper presents the evolution, state of the art, and prospec-

tive future of Silicon-Carbide (SiC) based power electronics 
conversion for shipboard systems. The latter, having fully 
profited from the integrated power system (IPS) all-electric 
ship concept, now face the challenge of an ever increasing 
electrical payload, with enhanced service and advanced sen-
sors and weapon systems—in the case of Navy ships—that 
are forecasted to surpass the onboard propulsion power in 
next generation ships. Power density has accordingly become 
crucial in this development, and SiC with its innate high-voltage, 
high-frequency and high-temperature characteristics the sought 
solution. This technological evolution, as well as the challenges 
set forth by SiC-based power conversion, represent the main-
stay of this paper. 
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8003  Performance and Cost Considerations for SiC-based HEV 
Traction Inverter Systems
Ming Su, Chingchi Chen, Shrivatsal Sharma, Jun Kikuchi
SiC power semiconductors are believed to offer an attractive 
solution for motor drive application in electrified vehicles in 
5~10 years. Newer generations of commercial SiC MOSFETs 
in the 900~1200V class are significantly improved in energy 
losses, reliability and price. To analyze the potential impact of 
SiC technology for HEV inverter systems, performance gain of 
SiC MOSFETs over existing silicon IGBTs must be quantified, 
which translates to vehicle-level fuel economy and value for 
consumers. This study will look into HEV drive-cycle simulation 
results based on inverters of silicon and SiC switching devices, 
and evaluate the performance improvement and cost premi-
ums for the newer semiconductor technology. Reliability and 
qualification criteria of SiC MOSFETs for automotive application 
will also be discussed. 

8011  An Indirect Matrix Converter based 97%-efficiency On-
board Level 2 Battery Charger Using E-mode GaN HEMTs

 Hua Bai, Juncheng Lu
Most of the present EV on-board chargers utilize a three-
stage design, e.g., AC/DC rectifier, DC to high-frequency AC 
inverter, and AC to DC rectifier, which limits the wall-to-battery 
efficiency to ~94%. Instead of using the regular three-stage 
design, a matrix converter could directly convert grid AC to 
high-frequency AC thereby saves one stage and potentially 
increases the system efficiency, however, the control will be 
more complex and the high cost of building the back-to-back 
switches is inevitable. This paper adopts the 650V E-mode GaN 
HEMTs to build a level-2 on-board charger. The input voltage 
is 80~260VAC, the battery voltage is 200~500VDC and the 
rated power is 7.2kW with the bidirectional power-flow capa-
bility. Such design saves the bulky DC-bus capacitor. Variable 
switching frequency is combined with phase-shift control to 
realize the zero-voltage switching. An active filter is employed 
to choke the 120Hz output current ripple if needed. To further 
increase the system efficiency, four GaN HEMTs are paralleled 
to form one switching module. The overall system efficiency 
is >97% and the power density is 2.5kW/L with the active filter 
and 3.3kW/L without the active filter. 

8026  Using SiC MOSFETs to Improve Reliability of EV Inverters
 Hao Zheng, Xuemei Wang, Xubin Wang, Li Ran, Bo Zhang
 As all known, electric vehicles (EVs) operate in frequently 

acceleration and low speed driving in urban traffic, which 
play a crucial role in reliabilities of EV inverters. Thus, differ-
ent operating conditions should be considered in analysis of 
devices’ thermal stress. A thermo-electric model for 3-phase 
inverter of permanent magnet synchronous motor (PMSM) is 
proposed to evaluate the junction temperature variations in 
this paper. Then, a performance comparison using Si IGBTs 
(Infineon BSM100GB120DLCK) and SiC MOSFETs (CREE 
CAS100H12AM1) under different harsh operation conditions 
is presented. 

8079  A 1 MHz GaN Based 4-Switch Buck-Boost Converter for 
Automotive Applications

 Chenhao Nan, Tong Yao, Raja Ayyanar
 This paper presents the development of a 1 MHz enhancement 

mode GaN (eGaN) FET based 4-switch buck-boost converter
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with bootstrap driver for automotive applications. Convention-
ally, with Si MOSFETs, it is difficult to optimize the efficiency of 
a 4-switch buck-boost converter since the high side switches 
need to switch at high frequency or completely conduct the out-
put/input current in either buck or boost operation mode. GaN 
FET with much lower Figure of Merit provides the possibility to 
achieve high efficiency of 4-switch buck-boost converter at MHz 
switching frequency. This paper investigates the challenges of 
using bootstrap driver in MHz 4-switch buck-boost converter, 
and presents associated solutions. A 6 - 45Vin, 10V/7A, 1 MHz 
eGaN FET based 4-switch buck-boost converter is built and 
measured high conversion efficiency confirms the superior 
performance with GaN FET. 

SESSION on Power Modules and Packaging 2 
Chair: David Reusch, Timothy Han

Assembly Hall

8047  High Frequency eGaN Monolithic Half Bridge IC Based 12 
VIN to 1 VOUT Point of Load Converter

 David Reusch. INVITED PAPER
Power converters are constantly trending towards higher 
efficiency, higher power density, and higher output current. 
Rapidly maturing gallium nitride (GaN) technology can meet 
these demands and in this paper a high performance 12 VIN 
to 1 VOUT 40 A eGaN monolithic half bridge IC based point 
of load (POL) converter will be demonstrated. Enabled by the 
monolithic integration of GaN power transistors, the POL design 
will demonstrate the lowest reported parasitic inductances, the 
ability to efficiently optimize die size, and significant advances 
in thermal management. 

8095  Application and Reliability Analysis of Sintered Silver 
Preforms for Die Attachment of Wide Bandgap Devices 
Sayan Seal, Michael Glover, Alan Mantooth

 The experiments presented in this paper focus on the use of 
sintered nanosilver preforms for die attachment. The preforms 
were sintered so that the nanosilver particles fuse together to 
form an agglomerate, resulting in the formation of a porous 
silver foil, tailored to fit both a desired bond line thickness and a 
specific cross sectional area. The sintered silver preforms were 
used to bond die measuring 2 mm x 2 mm and 5 mm x 5 mm. 
For the die measuring 5 mm x 5 mm, the preforms measured 
4 mm x 4 mm. This inset of the preform was done to address 
the creeping of the wet paste out under the sides of the die and 
up the walls. For both die dimensions, the bond line thickness 
was about 100-110 µm, and showed less than 3% variation in 
thickness within a sample. Data was also collected for a second 
set of samples that was subjected to die shear testing.  

8073  Reliability analysis of Cu-Sn transient liquid phase sintered 
(TLPS) joints under power cycling loads

 Seyed Moeini, Hannes Greve, Patrick McCluskey
 The use of wide-band-gap power devices enables higher ap-

plication temperatures, and consequently, increases the need 
for reliable high temperature interconnection technologies. As 
the traditional solution of high lead solder is being phased out 
by the expanding ban on lead containing materials, the demand 
for a new technology is growing. Transient liquid phase sintered 
(TLPS) joints have the potential for reliable application in high 
temperature and dynamic environments. In this paper, the 
durability of TLP joints under power cycling conditions is
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investigated. Two diode types are attached to three types of 
substrates by Cu-Sn TLPS and cyclically tested under a maxi-
mum allowable current condition, with the device temperature 
measured in-situ for condition monitoring. 

8065  3.38MHz Operation of 1.2kV SiC MOSFET with Integrated 
Ultra-Fast Gate Drive

 Suxuan Guo, Liqi Zhang, Yang Lei, Xuan Li, Wensong Yu, Alex 
Huang
In this paper, a novel co-packaged SiC MOSFET phase-leg 
module is proposed and used in an ultra-high frequency syn-
chronous boost converter. The packaging technology enables 
the integration of SiC MOSFET bare die and the driver IC chip 
with the direct bonded copper (DBC) substrate, which not 
only shrink the size of the module, but also reduce the stray 
inductance and the parasitic capacitance. 0Ω gate resistor is 
used in this module to further improve the switching speed. 
The double pulse testers are built for the co-packaged module 
and the commercialized discrete device with FR4 PCB board. 
The low switching loss of the co-packaged module enables 
the megahertz switching frequency. An 800W synchronous 
boost converter is designed in this paper to operate at 1.5MHz. 

8024  Simulation of a Power Package with Underfill Resin and 
Silicone Gel

 Hao Zhang, Simon Ang
 In this paper, simulations of thermal stress in a double-sided 

cooling power package with solder attachment (Fig.1) are 
performed using sealing materials with a linear elastic, a 
visco-elastic, and a hyper-elastic property. The simulation 
results show that the non-linear visco-leastic and hyper-elastic 
material used for sealing double-sided cooling power package 
help to reduce the thermal stress caused by the coefficient of 
thermal expansion (CTE) mismatch. The visco-elastic material 
used a Prony shear relaxation pairs with Willim-Landel-Ferry 
shift function (Fig.2) while the hyper-elastic material used in 
the simulation model has a Yeoh 3rd order material property 
(Fig.3) derived from uniaxial, biaxial, and shear test data.   
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