2019 IEEE International
Workshop on Integrated Power
Packaging (IWIPP 2019)

Toulouse, France
24 — 26 April 2019

.O IE E E IEEE Catalog Number: CFP19IPP-POD
: ISBN: 978-1-5386-7611-0



Copyright © 2019 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP19IPP-POD
ISBN (Print-On-Demand): 978-1-5386-7611-0
ISBN (Online): 978-1-5386-7610-3

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



TABLE OF CONTENTS

Session A3L-A: Systems & Circuits Technical Session
April 24,2019 13:00 - 15:05
Session Chairs: Jin Wang, Ohio State University

Rolando Burgos, Virginia Tech University

Accelerating Commercialization of WBG Power Electronics: PowerAmerica Systems
=g o IO | od U1 ST 1o 1] o = Lo S SUPRRRPTTN n/a
Victor Veliadis, PowerAmerica, North Carolina State University, United States

Module Level and System Level Integrations of WBG Devices for High Power Applications ..... n/a
Jin Wang, Ohio State University, United States

Technology Challenges in SiC-based Medium Voltage Power Conversion ..........cccccceevvvvvnnnnn. n/a
Rolando Burgos, Virginia Polytechnic Institute and State University, United States

Metrology Considerations for Accurate Characterization of High-Bandwidth Power
Electronics Components & APPIICALIONS ....ooiiiiiiiiiiiiiiiiii e n/a
Andy Lemmon, University of Alabama, United States

Evaluation of the PCB-Embedding Technology for a 3.3kW Converter .......cccccccceeiiieeieeeiiiinnnenn. 1
Rémy Caillaud, Ecole Centrale de Lyon, France

Johan Le Leslé, Mitsubishi Electric R&D Centre Europe, France

Cyril Buttay, Ecole Centrale de Lyon, France

Florent Morel, Ecole Centrale de Lyon, France

Roberto Mrad, Mitsubishi Electric R&D Centre Europe, France

Nicolas Degrenne, Mitsubishi Electric R&D Centre Europe, France

Stefan Mollov, Mitsubishi Electric R&D Center Europe, France

Session A4L-A: Power Modules Technical Session
April 24,2019 15:30- 17:35
Session Chair: Ty McNutt, Wolfspeed

A New Packaging Concept for Highly Reliable Power Modules ........cccccccooiiiiiiiiiiiiieeeeceen, n/a
Shiori Idaka, Mitsubishi Electric R&D Center Europe, Germany

ABB LinPak: Smart Design for Efficient CONVEIterS .........oovviviiiiiiiiiiiiiiiiiiiiinsnssss e e n/a
Fabian Fischer, ABB, Switzerland

The Development of 1200 V SiC Hybrid Switched Power Modules .........ccccoooviviiiiiiiiiiieeeeceeiien, 7
Pugi Ning, Chinese Academy of Sciences, China

Tianshu Yuan, Chinese Academy of Sciences, China

Han Cao, Chinese Academy of Sciences, China

Lei Li, Chinese Academy of Sciences, China

Yuhui Kang, Chinese Academy of Sciences, China



Stacked DBC Cavitied Substrate for a 15-kV Half-Bridge Power Module ..............cccocn 12
Amol Deshpande, University of Arkansas, United States

Fang Luo, University of Arkansas, United States

Ange Iradukunda, University of Arkansas, United States

David Huitink, University of Arkansas, United States

Lauren Boteler, U.S. Army Research Laboratory, United States

A Study of Dielectric Breakdown of a Half-Bridge Switching Cell with Substrate

Integrated 650V GaN DIBS ....ccooiiiiiiiee e a s 18
Eduard Dechant, Technische Hochschule Rosenheim, Germany

Norbert Seliger, Technische Hochschule Rosenheim, Germany

Ralph Kennel, Technische Universitat Miinchen, Germany

Session A5P-B: Posters
April 24,2019 17:35 - 19:00
Session Chairs: Brandon Passmore, Wolfspeed

Evaluation of Electric Charge Accumulation in Insulation Layer of Power Module using

Direct Current Integrated Charge MeasUIrEMENT ............uuuuiuiiiiiiiiiiere e a e 24
Daiki Hanazawa, Tokyo City University, Japan

Maimi Mima, Tokyo City University, Japan

Kimio Hijikata, Tokyo City University, Japan

Hiroaki Miyake, Tokyo City University, Japan

Yasuhiro Tanaka, Tokyo City University, Japan

Tatsuo Takada, Tokyo City University, Japan

Measurement of Space Charge Distribution in Epoxy Resin Package at High

Temperature under HIgh DC SIIESS ..ottt a e e e e e e eeas 30
Kosuke Sato, Tokyo City University, Japan

Soichiro Konishi, Tokyo City University, Japan

Hiroaki Miyake, Tokyo City University, Japan

Yasuhiro Tanaka, Tokyo City University, Japan

Development and Evaluation of SiC Inverter using Ni Micro Plating Bonding Power Module ...... 36
Akihiro Kawagoe, Kyushu Institute of Technology, Japan
Tomoya Itose, Kyushu Institute of Technology, Japan
Akihiro Imakiire, Kyushu Institute of Technology, Japan
Masahiro Kozako, Kyushu Institute of Technology, Japan
Masayuki Hikita, Kyushu Institute of Technology, Japan
Kohei Tatsumi, Waseda University, Japan

Tomonori lizuka, Waseda University, Japan

Isamu Morisako, Waseda University, Japan

Nobuaki Sato, Mitsui High-tec Inc., Japan

Koji Shimizu, Mitsui High-tec Inc., Japan

Kazutoshi Ueda, Mitsui High-tec Inc., Japan

Kazuhiko Sugiura, Denso Corporation, Japan

Kazuhiro Tsuruta, Denso Corporation, Japan

Keiji Toda, Toyota Motor Corporation, Japan

An Auxiliary Resonant Switching Arm for a Buck-Boost Converter .........cccccceveviiiiiiiiiiiinneneennn. n/a
José Alejandro Pichardo-Iniesta, Instituto Politécnico Nacional, Mexico
Ismael Araujo-Vargas, Instituto Politécnico Nacional, Mexico



New Approach for Faster Thermal Modeling of PCBs based on Power Module Applications ...... 40
Michael Hofer, Wiirth Elektronik, Germany

High Reliable Silver Sintered Joint on Copper Lead Frame by Pressure Sintering Process ........ 44
Ly May Chew, Heraeus Deutschland GmbH & Co. KG, Germany
Wolfgang Schmitt, Heraeus Deutschland GmbH & Co. KG, Germany

Silver Sinter Paste for SiC Bonding with Improved Mechanical Properties ............ccccccvvvnnnnn. 48
Wolfgang Schmitt, Heraeus Deutschland GmbH & Co. KG, Germany

Ly May Chew, Heraeus Deutschland GmbH & Co. KG, Germany

David Stenzel, Heraeus Deutschland GmbH & Co. KG, Germany

Electric Field Control by Nonlinear Field Dependent Conductivity Dielectrics

Characterization for High Voltage Power Module Packaging ......cccccooeeiiiiiiiiiiiiiii e, 54
Maryam Mesgarpour Tousi, Virginia Polytechnic Institute and State University, United States

Mona Ghassemi, Virginia Polytechnic Institute and State University, United States

Session B3L-A: Packaging & Interconnects Technical Session
April 25, 2019 13:00 - 15:05
Session Chairs: Pugi Ning, Chinese Academy of Sciences

Brian Narveson, PSMA

Silver Sintering Die Attach — Myths & PRYSICS ...ouuuiiiiiiiiii e 59
Gyan Dutt, MacDermid Alpha Electronic Solutions, United States

Mike Marczi, MacDermid Alpha Electronic Solutions, United States

Oscar Khaselev, MacDermid Alpha Electronic Solutions, United States

Advanced SiC Power Module Packaging: Layout, Material System and Integration ............... n/a
Fang Luo, University of Arkansas, United States

Amol Deshpande, University of Arkansas, United States

Cai Chen, Huazhong University of Science and Technology, China

Rate Controlled Sintering: A Novel Approach to Improve Quality and Yield of

(DTSN = Tod T TN (=T ot ] ] o Y=o £ 64
Simon Merkert, Pink GmbH Thermosysteme, Germany

Aaron Hutzler, Pink GmbH Thermosysteme, Germany

Thomas Krebs, Pink GmbH Thermosysteme, Germany

Aerosol Jet Printing Process for Semi-Embedded Power ASSembly .......cccccooiiiiiiiiiiiiiiiiiineeen, 68
Stephane Azzopardi, Safran Tech, France

Jérdme Lelievre, Centre de Transfert de Technologies Céramiques, France

Toni Youssef, Safran Tech, France

Denis Labrousse, SATIE/CNAM, France

Elodie Pereira, Centre de Transfert de Technologies Céramiques, France

Philippe Lasserre, DEEP Concept, France

A PCB based Package and 3D Assembly for High Power Density Converters ..........cccccevvnnnnn. 73
Roberto Mrad, Mitsubishi Electric R&D Centre Europe, France

Julien Morand, Mitsubishi Electric R&D Center Europe, France

Rémi Perrin, Mitsubishi Electric R&D Center Europe, France

Stefan Mollov, Mitsubishi Electric R&D Center Europe, France



Session B4L-A: Modeling and Reliability

April 25,2019 15:30 - 17:35

Session Chairs: Patrick McCluskey, University of Maryland, College Park
David Huitink, University of Arkansas

Reliability for Mission- and Safety-Critical Systems in Aerospace Applications ..................

Zak Sorchini, United Technologies, United States
Steve Savulak, United Technologies, United States

3D-FE Electro-Thermo-Magnetic Modeling of Automotive Power Electronic Modules —

Wire-Bonding and Copper Clip Technologies COMPAriSON .........uuuuuuirmimmiiiiiiinniaaeeaaeaaaeaaeaaaens

Abdoulahad Thiam, University of Toulouse, France
Emmanuel Sarraute, University of Toulouse, France
William Sanfins, University of Toulouse, France
Frédéric Richardeau, University of Toulouse, France
Maél Durand, University of Toulouse, France

Prognostics and Reliability Assessment of Insulated Gate Bipolar Transistor Power

B ECIIONIC IMOTUIES ..ottt ettt ettt et e e e e e e e e e eeeenaaes

Erick Gutierrez, University of Maryland, United States
Kevin Lin, University of Maryland, United States
Patrick McCluskey, University of Maryland, United States

Comparison of Silicon Carbide Packages with Different Solder Attach Materials under

High Temperature, Fast Power Cycling CoNditiONS ......cooviiiiiiiiiieiiiieiie e

Lauren E. Kegley, Wolfspeed, United States
Tim Foster, Wolfspeed, United States

Sayan Seal, Wolfspeed, United States

Robert Shaw, Wolfspeed, United States

Brice McPherson, Wolfspeed, United States
Brandon Passmore, Wolfspeed, United States
Marcelo Schupbach, Wolfspeed, United States
Ty McNutt, Wolfspeed, United States

Session C1L-A: Dielectrics and Insulation

April 26, 2019 8:00 - 10:15

Session Chairs: Mona Ghassemi, Virginia Tech University
Davide Fabiani, University of Bologna

Ceramic Substrates and Liquids: Origin of Partial Discharges, and High

TEMPEIAtUIE PrOPEITIES ...ttt

Olivier Lesaint, Grenoble Institute of Technology, France
Joko Muslim, Grenoble Institute of Technology, France
Rachelle Hanna, Grenoble Institute of Technology, France

Electrical Polymeric Insulation for Power Electronics: Physical Limits and New Tailored

COMPOSITE DESIGN CONCEPES .oertiiiiiiiniiiiiiii e s e e e e e e e e e e e e e e e e e e e e e aaaaaaaeeaeteattaeeeeeeeeeeeeeeeesssnsnenneennes

Sombel Diaham, University of Toulouse, France



Ceramic Substrates for High Voltage Power Electronics: Past, Present and Future ............... 91
Zarel Valdez-Nava, University of Toulouse, France

Driss Kenfaui, University of Toulouse, France

Marie-Laure Locatelli, University of Toulouse, France

Lionel Laudebat, University of Toulouse, France

Sophie Guillemet, University of Toulouse, France

Drastic Change in Non-Linear Resistive Materials I(V) CharacteristiCs .......cccccceeeiieeiiiiiiieneeenn, 97
G. Belijar, IRT Saint Exupéry, France

L. Hermette, IRT Saint Exupéry, France

M. Kozako, Kyushu Institute of Technology, Japan

M. Hikita, Kyushu Institute of Technology, Japan

Effect of Film Thickness and Electrode Material on Space Charge Formation and
Conductivity in Polyimide FIlMS ... e e 102
Flora Carrasco, University of Toulouse, France

Laurent Berquez, University of Toulouse, France

Kunihiko Tajiri, Mitsubishi Electric Corporation, Japan

Hirotaka Muto, Mitsubishi Electric Corporation, Japan

Didier Marty-Dessus, University of Toulouse, France

Marie-Laure Locatelli, University of Toulouse, France

Sombel Diaham, University of Toulouse, France

Virginie Griseri, University of Toulouse, France

Thierry Lebey, University of Toulouse, France

Gilbert Teyssedre, University of Toulouse, France

Session C2L-A: EMI & Parasitic Implications
April 26, 2019 10:15 - 12:20
Session Chairs: Aaron Brovont, University of Alabama
Nicolas Degrenne, Mitsubishi Electric R&D Centre Europe

Robust On-Line Junction Temperature Estimation of IGBT Power Modules based on

Von during PWM POWET CYCIING .ooiiiiiiioi e 107
N. Degrenne, Mitsubishi Electric R&D Centre Europe, France

S. Mollov, Mitsubishi Electric R&D Center Europe, France

Packaging and Integration of Passive Components to Reduce Board Space with
Optimized Thermal and Electrical PerformancCe ... n/a
John Bultitude, KEMET Electonics Corp., United States

Tony Burk, KEMET Electonics Corp., United States

Allen Templeton, KEMET Electonics Corp., United States

Nathan Reed, KEMET Electonics Corp., United States

Galen Miller, KEMET Electonics Corp., United States

John McConnell, KEMET Electonics Corp., United States

Javaid Qazi, KEMET Electonics Corp., United States

Abhijit Gurav, KEMET Electonics Corp., United States

Lonnie Jones, KEMET Electonics Corp., United States

Jim Magee, KEMET Electonics Corp., United States

Manuel Ortiz, KEMET Electonics Corp., United States

Mark Laps, KEMET Electonics Corp., United States

Reggie Phillips, KEMET Electonics Corp., United States

Kunihiro Kusano, KEMET Electonics Corp., Japan

Kenichi Chatani, KEMET Electonics Corp., Japan

Yoshihiro Saito, KEMET Electonics Corp., Japan



Study of the Impedance of the Bypassing Network of a Switching Cell — Influence of the

Positioning of the Decoupling CapaCitOrS ...........uuuuuruiiiiiiiiiiiiees e e e e e e e e e e e e e e e e e e e

Yoann Pascal, SATIE/CNAM, France
Denis Labrousse, SATIE/CNAM, France
Mickaél Petit, SATIE/CNAM, France
Francois Costa, SATIE/UPEC, France

Bus Snubber Optimization for Multi-Chip Power Modules using SPICE Simulations ..........

Brian T. DeBoi, University of Alabama, United States
Andrew N. Lemmon, University of Alabama, United States

PEEC Method and Hierarchical Approach towards 3D Multichip Power Module (MCPM)

Layout OPLIMIZATION ..ottt a e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeneeneeaeeees

Quang Le, University of Arkansas, United States
Tristan Evans, University of Arkansas, United States
Yarui Peng, University of Arkansas, United States

H. Alan Mantooth, University of Arkansas, United States

Session C3L-A: Thermal Challenges Technical Session
April 26, 2019 13:00 - 14:40
Session Chairs: Lauren Boteler, U. S. Army Research Laboratory
Eric Dede, Toyota Research Institute of North America

Advanced Thermal Ground Planes for Power EI@CtIrONICS .uovnivniiniiii e,

Ryan McGlen, Aavid / Boyd Corporation, United Kingdom

Thermal Simulations of SiC MOSFETs under Short-Circuit Conditions: Influence of

VariousS SIMUIAION PalamEterS ..o e e

Yoann Pascal, SATIE/CNAM, France
Mickaél Petit, SATIE/CNAM, France
Denis Labrousse, SATIE/CNAM, France
Francois Costa, SATIE/UPEC, France

Measurement of Space Charge Distribution Accumulated in Super Engineering Plastics

at High Temperature Under High DC Electric Field ........cccoooiiiiiiiiiiii e

Maimi Mima, Tokyo City University, Japan
Yuuki Narita, Tokyo City University, Japan
Tokihiro Narita, Tokyo City University, Japan
Hiroaki Miyake, Tokyo City University, Japan
Yasuhiro Tanaka, Tokyo City University, Japan

Thermal Management and Reliability of Power Electronics and Electric Machines .............

Sreekant Narumanchi, National Renewable Energy Laboratory, United States





