
SEMI-THERM
SEMI-THERM 33rd Annual Symposium & Exhibit

Thermal Measurement, Modeling and Management Symposium
March 13th - March 17th 2017

Thermal Innovations that Make the World’s Technology Cool

Pre-conference short-courses from world-class thermal experts
Networking opportunities with industry leaders & innovators

Over 50 expert-reviewed papers presented by the brightest thermal professionals and educators

App Development Challenge

Free “How-To” courses developed to introduce practical knowledge of thermal issues to 
technical and marketing personnel

Program includes evening events and luncheon speakers

THERMI, Harvey Rosten and Thermal Hall of Fame Award presentations

Two-day SEMI-THERM exhibition with over 40 vendors and vendor workshops 
presenting the most recent technical information

Complimentary receptions Monday and Wednesday evenings.
Take advantage of these opportunities to network with thermal experts

Platinum Sponsors: Mentor Graphics and Future Facilities

San Jose, California at the DoubleTree by Hilton
2055 Gateway Place

San Jose, CA 

Technical Sessions

SEMI-THERM 33 features a Data Center Track, an entire track dedicated to addressing the
impact of thermal design of IT equipment on the performance of the modern data center.

Heat Sinks
Measurement

Thermal Interface Materials
LEDs

Auto/Aerospace/Outdoor I & II
Simulation I & II

Data Center I & II
Two Phase





SEMI-THERM 33

3

Dear Colleagues,
It is my pleasure to welcome you to the SEMI-THERM 
33 annual conference dedicated to thermal design, 
thermal management as well as measurement and 
characterization of semiconductor systems and 
components.
The program committee led by Dr. Jesse Galloway, 
Amkor Technology, has put together a comprehensive 
program that adheres to the SEMI-THERM’s mission 
of providing an annual forum for the exchange of the 
latest technical developments in thermal management 
of electronic devices, components and systems.  In 
this 33rd annual forum, the program committee has 
provided avenues for such an exchange in the form of: 
6 short courses offered by industry experts
2 keynote speeches including one for data center track
An evening presentation
54 technical papers presented in 12 sessions
2 Luncheon Speeches
4 “How-To” courses
A novel session featuring the “App Development 
Challenge”
Awards session for THERMI, Harvey Rosten as well as 
Thermal Hall of Fame awards
11 vendor workshops
2 days of SEMI-THERM exhibits with over 40 
participating vendors

Breaking from the past tradition, in 2016, the full 
technical conference passes included the free short 
courses.  The response was overwhelming and the 
short- courses were a great success. This year we 
continue that new tradition to include free short 
courses in full technical conference passes.  This year’s 
short courses cover a variety of different topics that will 
provide a great opportunity for continued professional 
development to many.  Offered by individuals who are 
renowned experts from the semiconductor industry, 
these courses are delivered on Monday.
“A History of Commercial CFD from Bernoulli to 
Spalding and Beyond, with a Focus on Electronics 
Cooling Simulation” by Robin Bornoff, Mentor Graphics  
and John Parry, Mentor Graphics
“Fundamentals of Liquid Cooling: From Fluid Selection 
to Phase Change” by Timothy Shedd, Ebulient Inc.
 “Transient Thermal Analysis Using Linear Superposition” 
by Roger Stout, ON Semiconductor
“Spreadsheet Based Thermal Analysis Method” by Ross 
Wilcoxon, Rockwell Collins
“Design of Experiments for Thermal Engineering” by 
James Petroski, Design By Analysis
“Fundamentals of Power in the Data Center” by Brian 
Zahnstecher, PoweRox

We will commence the conference with a keynote 
speech by Dr. Bruno Michel, IBM Research on “Ultimately 
Dense and Future Computers” . It will be followed by 
54 technical presentations in 12 different sessions.  
These sessions cover the areas of auto, aerospace and 
outdoor technologies, simulation, two-phase cooling, 
heat sinks, TIMs, LEDs, measurements, and data centers.  
The developments in the data center sector are 
featured prominently in a dedicated data center track 
on Wednesday, which opens with a Keynote delivered 
by Dr. Bahgat Sammakia, Binghamton University that 
provides “A Holistic View of a Fragmented Data Center 
Industry”. 
In a long lasting tradition of SEMI-THERM luncheon 
speeches, we invite distinguished speakers to speak on 
one topic that is close to the core of SEMI-THERM and 
the other, which provides insights in areas that are non-
core.  This year, Dr. Eric Dede, Toyota Research Institute, 
will present “Multi-Scale Optimization Strategies for 
Electronics Thermal Management & Energy Harvesting” 
on Tuesday.  On Wednesday, Dr. Guna Selvaduray, San 
Jose State University, will talk to us about “Reducing 
Earthquake Hazards at Manufacturing Facilities”. 
The “How-To” courses are designed to provide 
technical background and hand-on knowledge 
on various topics/systems or components by the 
experts in associated fields.  This year’s lineup includes 
“Thermocouple Theory and Practice” by Dr. Robert J 
Moffat, “Design of Liquid Cooled Systems” by  Pablo 
Hidalgo, “Design Consideration for Heat Sink Mounting 
Solution” by Dr. Milena Vujosevic and Juan Cruz and 
“Practical Guidelines for Using Heat Pipes and Vapor 
Chambers in Heat Sinks” by George Meyer.
This year, SEMI-THERM is introducing a new activity 
for the 2018 Symposium, SEMI-THERM 34. We are 
challenging our participants to develop their own 
mobile apps that can be used to analyze thermal 
systems, evaluate design options, provide useful 
information for analysts, and teach important concepts 
in the field of electronics cooling, etc.  Members of the 
SEMI-THERM Program and Technical Committees will 
review apps submitted for the App Challenge and 
winners in various categories will be announced.  These 
winners will be given prizes and a reduced registration 
fee for SEMI-THERM 34, which will be held in March 
of 2018 in San Jose, CA.  ST34 will include a special 
session in which authors will give demonstrations of 
their winning apps.
The 2017 SEMI-THERM Symposium will have an 
afternoon session that includes an overview of the App 
Development Challenge, presented by Ross Wilcoxon, 
Rockwell Collins.  This will describe how the challenge 
will be conducted and provide a timeline for events 
included in the challenge.  The session at SEMI-THERM 

Welcome to SEMI-THERM 33!
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The behemoth task of organizing the conference 
is handled by the participation of large number of 
volunteers.  They have spent weeks  performing 
a multitude of tasks that began with abstract 
solicitations and reviewing the abstracts and 
subsequent manuscripts.  I would like to thank all of 
those including program review committee members 
who participated in these activities.
Dr. Jesse Galloway, the Program Chair of SEMI-THERM 
has been leading the charge for the past year, working 
tirelessly to put together a comprehensive technical 
program for the conference.  Thank you Jesse for your 
herculean efforts!  It gets easy as you step into the role 
of General Chair for SEMI-THERM 34.
The auxiliary program which includes short courses 
and luncheon speakers was organized by the Vice 
Program Chair Adriana Rangel, Cisco Systems.  Thank 
you Adriana for a job well done. 
The efforts of the Technical Committee in securing the 
speakers are greatly appreciated.  I’m especially thankful 
to the trio of Dr. Ross Wilcoxon of Rockwell Collins, Tom 
Tarter of Package Science Services and George Meyer 
of Celsia Technologies for their continuous guidance 
and support when the situation seemed to veer out of 
control. 
Special thanks to Bonnie Crystall and Denise Rael 
of SEMI-THERM for handling everything from the 
advanced program, final program, registrations, 
committee meetings, vendor exhibits and other 
marketing details, and to Paul Wesling for preparing 
the Proceedings.
Lastly I would like to thank our exhibitors and sponsors 
who have made this conference possible.
I hope that this Thermal Week will provide a platform for 
technology exchange and new learning experiences.
I also hope that this conference will provide you
opportunities to enhance your own network of 
professionals and prove to be a productive experience!

Veerendra Mulay
SEMI-THERM 33 Symposium Chair 

33 will also include a brief overview of tools that can 
be used by individuals with no prior experience in app 
development to create sophisticated and useful tools 
for engineering analysis.
Each year, SEMI-THERM confers the THERMI award to 
honor significant contributions of an individual in the 
field of semiconductor thermal management.  It is 
my pleasure and honor to announce that this year’s 
award will be presented to Dr. Chandrakant Patel, Chief 
Engineer and Senior Fellow at HP Inc.  He will share his 
perspective on “Chips, Data Centers to 3D Printing: An 
Exciting Road Ahead Paved on the Fundamentals of 
Thermal Sciences”. 
In 2016, SEMI-THERM instituted a Thermal Hall 
of Fame Lifetime Achievement Award.  The Hall 
of Fame recognizes persons in the electronics 
thermal management field who have made 
significant contributions to the development 
and commercialization of thermal management 
technologies during the course of their careers.  Hall of 
Fame members are entrepreneurial in their own right, 
pushing the boundaries to develop and commercialize 
technologies while mentoring those around them.  
This award will be presented during Thursday’s 
Awards’ Luncheon.  The recipient of the Thermal Hall 
of Fame Lifetime Achievement Award 2017 is Dr. 
Robert J. Moffat who was Professor of Mechanical 
Engineering at Stanford for 31 years.  His exceptional 
research in various fields of heat transfer has resulted 
in establishing standards for many industries. 
The 2016 Harvey Rosten Award for outstanding work 
will be presented to Robin Bornoff, John Wilson and 
John Parry, Mentor Graphics, Mechanical Analysis 
Division, for their publication “Subtractive Design: A 
Novel Approach to Heatsink Improvement”.
The SEMI-THERM Educational Foundation (STEF), 
an organization dedicated to providing worldwide 
educational opportunities and resources within the 
electronic thermal engineering community, oversees 
the SEMI-THERM conference.  STEF is encouraging 
undergraduate and graduate students to seize the 
opportunity by instituting four new scholarships that 
will be awarded each year.
These are:
P.K. Mulay Memorial Scholarship  ($1,500) for the Best 
Student Paper at SEMI-THERM;
Celsia, Inc. Scholarship ($1,000) for the Best Student 
Paper in the area of Two-Phase Thermal Management 
Technology and/or Application;
Thermal Engineering Associates, Inc. Scholarship 
($1,000) for the Best Student Paper in the area of 
Thermal Measurement Technology and/or Application;
The Center for Energy-Smart Electronic Systems 
Binghamton University Scholarship ($1,000) for 
the Best Student Paper in the area of Energy-Smart 
Electronic Systems Technology and/or Application.
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SEMI-THERM 33 SYMPOSIUM PERSONNEL

SEMI-THERM 33 PROGRAM COMMITTEE

Cathy Biber  Intel
Robin Bornoff    Mentor Graphics 
Patrick Bournes Via Space Networks 
Yongguo  Chen  Cisco Systems
Akhil Docca   Future Facilities 
Rick Eiland  Dell
Valerie Eveloy  The Petroleum Institute, UAE
John Fernandes               Facebook
Jesse Galloway  Amkor
Joshua Gess  Oregon State University
Pablo Hidalgo  Aavid Thermacore
Clemens Lasance  SomelikeitCool
Bonnie Mack  Ciena

Genevieve Martin Philips
Heinz Pape  Pape Farm
James Petroski   Design by Analysis 
Adriana Rangel  Cisco Systems 
Peter Rodgers  The Petroleum Institute, UAE
Dave Saums  DS&A LLC
Gokul Shankaran   Ansys 
Feng Shou Toyota 
Jason Strader  Laird
Tom Tarter  Package Science Services LLC
Ross Wilcoxon                  Rockwell Collins
Jim Wilson  Raytheon
Winston Zhang  Novark

General Chair:
Veerendra Mulay, Facebook Inc. vmulay@fb.com

Program Chair: 
Jesse Galloway, Amkor Technology

jesse.galloway@amkor.com

Program Vice Chair:
Adriana Rangel, Cisco Systems

adromero@cisco.com

International Liaisons:
Clemens Lasance, Thermal Management Consultant
SomeLikeItCool lasance@onsnet.nu
John Parry, Mentor Graphics     john_parry@mentor.com
Hsiao-Kang Ma, National Taiwan University, Taiwan

skma@ntu.edu.tw
Wataru Nakayama, ThermTech International, Japan

watnakayama@aol.com
Winston Zhang, Novark, China

winstonzhang@novark.com.cn

SEMI-THERM 33 Steering Committee
Chair
George Meyer  gmeyer@celsiainc.com

Technical Chairs
Ross Wilcoxon  ross.wilcoxon@rockwellcollins.com
Tom Tarter ttarter@pkgscience.com

Finance Chair
Jim Wilson jsw@raytheon.com

Membership Chair
Bill Maltz wmaltz@ecooling.com

Steering Committee
Dereje Agonafer  agonafer@uta.edu
Zeki Celik zeki.celik@avagotech.com
Bruce Guenin bruce.guenin@oracle.com 
Genevieve Martin genevieve.martin@philips.com  
Rahima Mohammed  rahima.k.mohammed@intel.com
Al Ortega aortega@villanova.edu
John Parry  john_parry@mentor.com
Peter Rodgers prodgers@pi.ac.ae
Dave Saums  dsaums@dsa-thermal.com 
Bernie Siegal bsiegal@thermengr.net 

SEMI-THERM Exhibits Manager/
Marketing Manager
Denise Rael drael@semi-therm.org
P: +1 408 840-2354

Graphic Design: 
William Schuch bill@billschuch.net

Symposium Management:
SEMI-THERM Symposium Manager
Bonnie Crystall cscomm@earthlink.net
C/S Communications, Inc.
P: +1 480 839-8988

Proceedings IEEE Region 6:
Paul Wesling  p.wesling@ieee.org
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Schedule of Events Monday March 13, 2017
Morning Short Courses

8:00 a.m. – 12:00 p.m. San Jose, Santa Clara, Carmel, Monterey
Session Chair: Vice Program Chair,  Adriana Rangel, Cisco Systems

Short Course 1: A History of Commercial CFD from Bernoulli to Spalding and Beyond, with a Focus on 
Electronics Cooling Simulation
Robin Bornoff, Mentor Graphics; John Parry, Mentor Graphics

Short Course 2: Fundamentals of Liquid Cooling:
From Fluid Selection to Phase Change
Timothy Shedd, Ebullient Inc.

Short Course 3: Transient Thermal Analysis Using Linear Superposition
Roger Stout, ON Semiconductor  

12:00 p.m. - 1:30 p.m. 
Lunch Break (lunch not provided)

Afternoon Short Courses 
1:30 p.m. – 5:30 p.m.  San Jose, Santa Clara, Carmel, Monterey
Session Chair:  Vice Program Chair , Adriana Rangel, Cisco Systems       

Short Course 4: Spreadsheet Based Thermal Analysis Method
Ross Wilcoxon, Rockwell Collins

Short Course 5: Design of Experiments for Thermal Engineering
James Petroski, Design By Analysis Technical Consulting

Short Course 6: Fundamentals of Power in the Data Center
Brian Zahnstecher, PowerRox

3:30 p.m. -6:30 p.m.                                                                  Bayshore Balroom Foyer
Attendee Registration

5:30 p.m. – 6:30 p.m.       Bayshore Ballroom Foyer
Welcome Reception

6:30 p.m. – 8:00 p.m.        San Carlos
SEMI-THERM Program Committee Meeting

Gold Sponsor
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Ultimately Dense and Efficient Future Computers
Liquid cooling enables an unprecedented density in future computers to a level similar to a human brain. This is 
mediated by a dense 3D architecture for interconnects, fluid cooling, and power delivery of energetic chemical 
compounds transported in the same fluid. Vertical integration improves memory proximity and electrochemical 
power delivery creating valuable space for communication. This strongly improves large system efficiency thereby 
allowing computers to grow beyond exa-scale. A dense and efficient µServer has been demonstrated as a first 
milestone along this roadmap. A universal concept is presented showing that volumetric density drives efficiency 
in information processing irrespective of switch technology and architecture, and can replace the currently 
slowing Moore’s law. By adopting some of the characteristics of the human brain, computers have the potential to 
become far more compact, efficient, and powerful. And this, in turn, will allow us to take full advantage of cognitive 
computing – providing our real brains with new sources of support, stimulus, and inspiration.  

Bruno Michel received a Ph.D. degree in bio chemistry/biophysics from the University of 
Zurich. He subsequently joined IBM Research to work on scanning probe microscopy and later 
on the development of accurate large-area soft lithography. Dr. Michel started the Advanced 
Micro Integration group to improve thermal interfaces and minaturized convective cooling for 
processors and concentrated photovoltaic systems. Main current research topics of the Zurich 
group are microtechnology/microfluidics for nature-inspired minaturized tree-like hierarchical 
supply networks, 3D packaging, and thermophysics for improved understanding of heat transfer 
in nanomaterials and structures. Dr. Michel started the energy aware computing initiative at IBM 

and triggered the Aquasar project to promote improved efficiency and energy re-use in future green datacenters 
and photovoltaic thermal solar concentrators.

SEMI-THERM 33 KEYNOTE Tuesday March 14, 2017

DATA CENTER KEYNOTE Wednesday, March 15, 2017
A Holistic View of a Fragmented Data Center Industry
SEMI-THERM and AFCOM are excited to have Dr. Sammakia provide the keynote speech for the Data Center Track at 
SEMI-THERM 33.  Dr. Sammakia’s experience spans the full physical scale of IT systems (chip to chiller) and the evo-
lution of the data center from mainframe rooms to today’s distributed and cloud computing facilities.  Please join 
us for Dr. Sammakia’s unique perspective on how data centers and IT systems have evolved over the decades, the 
impact of this history on engineering practices and computing performance  (with a focus on the gap between IT 
and facilities) and where the industry is likely to head into the future.

Dr. Bahgat Sammakia is a Distinguished SUNY Professor and the vice president for research at 
Binghamton University. Dr. Sammakia has spent much of his research career working to improve 
thermal management strategies in electronic systems at multiple scales ranging from devices 
to entire Data Centers. Dr. Sammakia joined the faculty of the Watson School for Engineering 
and Applied Science in 1998 following a fourteen-year career at IBM where he worked in the 
area of research and development of organic electronic systems. He has contributed to several 
books on natural convection heat transfer and is also the principal investigator or co-principal 
investigator on several cross-disciplinary research projects.  Dr. Sammakia received his PhD degree 

in mechanical engineering from the State University of New York at Buffalo. He was a post doctoral fellow at the 
University of Pennsylvania from 1982 to 1984. Dr. Sammakia is a Fellow of the IEEE, the ASME and of the National 
Academy of Inventors. Dr. Sammakia has over 250 publications in refereed journals and conference proceedings as 
well as several books and book chapters related to electronic systems thermal management. 
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Schedule of Events Tuesday March 14, 2017

7:00 a.m. – 7:45 a.m.   San Jose
Speakers’ Breakfast
(March 14 Speakers and Session Chairs only)

7:00 a.m. – 5:00 p.m. Bayshore Ballroom Foyer
Attendee Registration

8:00 a.m. – 8:10 a.m. Oak and Fir
Opening and Welcome
General Chair Veerendra Mulay, Facebook

8:10 a.m. – 9:10 a.m.  Oak and Fir
Keynote Address:    Ultimately Dense and Efficient Future Computers  
Bruno Michel , IBM Zurich Research Laboratory
    
9:10 a.m. – 9:30 a.m. Gateway Foyer
Coffee Break Sponsored by Shin-Etsu MicroSi

9:30 a.m. – 11:10 a.m.  Oak
Parallel Session 1: Auto/Aerospace/Outdoor Applications I

Session Chair: Josh Gess, Oregon State University
9:30 a.m. – 9:50 a.m. 
Design of Thermal System Based on Combination of Thermoelectric and Vapor Chamber Technologies
Alex Gurevich1, Isaac Steiner1, Eric Huang2
1Double Check Ltd, Bnei Brak, Israel
2Leading Edge Associated Co., LTD, Tokyo, Japan

9:50 a.m. – 10:10 a.m. 
Study of an Innovative Multiple Fans System with one Piezoelectric Actuator Embedded in a Circular Heat Sink
Hsiao-Kang Ma, Shao-Kai Liao, Chia-Hsing Hsieh, National Taiwan University, Taipei, Taiwan

10:10 a.m. – 10:30 a.m.
Development of a Passively Cooled Outdoor Telecom Power Enclosure
Martin Cermak1, Mehran Ahmadi1, Majid Bahrami1, Kevin Lau2
1Laboratory for Alternative Energy Conversion (LAEC), School of Mechatronic Systems Engineering, Simon Fraser 
University, Surrey, British Columbia, Canada
2Alpha Technologies Ltd., Burnaby, British Columbia, Canada

10:30 a.m. – 10:50 a.m. 
Thermal Analysis of Hybrid Circuits with Variable Heat Transfer Coefficient
Tomasz Torzewicz, Agnieszka Samson, Tomasz Raszkowski, Artur Sobczak , Marcin Janicki, Mariusz Zubert, Andrzej 
Napieralski, Lodz University of Technology
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Schedule of Events Tuesday March 14, 2017 Continued

Continued next page

10:50 a.m. – 11:10 a.m. 
Solid Phase, High Flux Cooling of Electronic Equipment (Peer Reviewed)
William Alexander, Robert Alexander, ACPI Huntly House, Mount Edge, Stafford, U.K.

9:30 a.m. – 11:10 a.m Fir
Parallel Session 2: Simulation I

Session Chair:   Robin Bornoff, Mentor Graphics

9:30 a.m. – 9:50 a.m.
Full-Circuit 3D Electro-Thermal Modeling of an IGBT Power Converter
Robin Bornoff, Mentor Graphics, Hampton Court, UK
Andras Vass-Varnai, Mentor Graphics, Pangyo, South Korea Byron Blackmore, Mentor Graphics, Dartmouth, 
Canada Gang Wang, Mentor Graphics, Shanghai, China
Voon Hon Wong, Mentor Graphics, Singapore

9:50 a.m. – 10:10 a.m.
Efficient Electronic Cooling via Flow-Induced Vibrations
Aaron Rips1, Kourosh Shoele1, Ari Glezer2, Rajat Mittal1
1Johns Hopkins University, Baltimore, Maryland
2Georgia Institute of Technology, Atlanta, Georgia

10:10 a.m. – 10:30 a.m. 
The Effect of Improper Conformal Coating on SnPb and Pb-free BGA Solder Joints during Thermal Cycling: 
Experiments and Modeling
Maxim Serebreni1, Ross Wilcoxon2, Dave Hillman2, Nathan Blattau1, Craig Hillman1
1DfR Solutions 2Rockwell Collins

10:30 a.m. – 10:50 a.m. 
Structure-Aware Thermal Model Reduction
Tomasz Raszkowski, Agnieszka Samson, Mariusz Zubert , Marcin Janicki, Andrzej Napieralski, Lodz University of 
Technology

10:50 a.m. – 11:10 a.m. 
System-Level Electro-Thermal Analysis of RDS(ON) for Power MOSFET
Rajen Murugan1, Nathan Ai 2, CT Kao2 1Texas Instruments, Inc., Dallas, Texas, 75044 USA
2Cadence Design Systems, Santa Clara, California, USA

11:10 a.m. – 11:20 a.m. Gateway Foyer
Coffee Break

Technical Sponsors
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Tuesday Luncheon Speaker
Multi-Scale Optimization Strategies for Electronics Thermal Management & Energy Harvesting

Ercan M. Dede
The compact and power-dense nature of advanced electronics is expected to push the limits of traditional 
thermal management techniques. At the same time, low-grade waste heat represents a tangible source 
of inefficiency for future electrified systems. Exploiting effective design optimization strategies in the 
research and development of new cooling and material technologies enables opportunities for increased 
system performance. Accordingly, gradient-based structural optimization methodologies and their 
implementation at multiple scales is the focus of this talk. Specifically, electronics thermal management 
and waste heat recovery are explored as end applications. At the component level, several case studies 
are presented to illustrate the technical approach for air, single-phase liquid, and two-phase cooling of 
automotive power electronics. At the material level, thermal composite printed circuit board design for 
informed heat flow control and energy harvesting is outlined. Through these various examples, multi-scale 
optimization is revealed to be an essential element in the drive towards novel high performance thermal 
energy management technologies.

Ercan M. Dede received his B.S. and Ph.D. degrees in mechanical engineering from the 
University of Michigan and an M.S. degree in mechanical engineering from Stanford 
University. Currently, he is a manager in the Electronics Research Department at the Toyota 
Research Institute of North America. His group conducts research on advanced vehicle 
electronics systems including power semiconductors, advanced circuits, packaging, and 
thermal management technology. He has over 30 issued patents and has published more 

than 40 articles in archival journals and conference proceedings on topics related to design and structural 
optimization of thermal, mechanical, and electromagnetic systems.

11:20 a.m. – 12:40 p.m. Oak and Fir
Session 3: Simulation II    

Session Chair:  Gokul Shankaran, Ansys
11:20 a.m. – 11:40 a.m. 
An Efficient Transient Thermal Simulation Methodology for Power Management IC Designs
Karthik Srinivasan, Stephen Pan, Zhigang Feng, Norman Chang, Tim Pawlak, ANSYS Inc., USA

11:40 a.m. – 12:00 p.m. 
Enabling Faster Design/Performance Decisions for 3D-IC Package Architectures
Narayanan Terizhandur Varadharajan1, Kazunari Koga1, Humair Mandavia1, Metin Ozen2
1Zuken, Inc., Milpitas, CA, USA 2Ozen Engineering, Inc., Sunnyvale, CA, USA

12:00 p.m. – 12:20 p.m. 
Effect of PCB Thickness on Solder Joint Reliability of Quad Flat No-Lead Assembly under Power Cycling 
and Thermal Cycling
Unique Rahangdale1, Rahul Srinivas1, Sumanth Krishnamurthy1, Pavan Rajmane1, A. R. Nazmus Sakib1,
Dereje Agonafer1, Alok Lohia2, Steven Kummerl2, Luu T. Nguyen2, Abel Misrak1
1The University of Texas at Arlington, TX 2Texas Instrument Inc., Dallas, TX

Schedule of Events Tuesday March 14, 2017 Continued
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12:20 p.m. – 12:40 p.m.  Oak and Fir
Integrating Chip-level Microfluidics Cooling into System Level Design of Digital Circuits
György Bognár, Gábor Takács, László Pohl, Lázár Jani, András Timár, Péter Horváth, Márton Németh, András Poppe, 
Péter Gábor Szabó, Budapest University of Technology and Economics, Budapest, Hungary

Schedule of Events Tuesday March 14, 2017 Continued

Continued next page

VENDOR WORKSHOPS
MENTOR GRAPHICS 2PM TUESDAY MARCH 14, 2017

Faster Product Design focused Thermal Simulation - Modeling Fans, Detailed PCBs, 
Complex CAD Geometry & Evaluating Multiple Scenarios
This presentation demonstrates methods to enable engineers to reduce electronics thermal 
analysis time by more than a factor of 2. Using a forced convection cooled graphics card 
example, accurate simulation methods to allow faster product design decision making are 
illustrated using the latest version of FloTHERM® XT V3.0 software that brings PCB and MCAD 

design flows closer together. Highlighted topics will include accurate fan modeling, PCB copper trace import enhancements, 
power vs temperature component attributes, SmartPart enhancements, and faster evaluation of critical component simulated 
temperatures in different scenarios using Design of Experiments.
Highlighted topics:
-Rotating Geometry - Modeling fans accurately and quickly
-Detailed Via and Copper trace modeling around key components using Thermal Territory
-Design of Experiments- Evaluating multiple design scenarios efficiently
-Radial and Centrifugal Fans (using SmartParts)
-Component modeling - assigning non-linear Power vs temperature attributes
-Faster review of Critical Case and Junction Temperature simulated results
-Controlling mesh vs distance from a surface or region (using SmartParts)

CRADLE NORTH AMERICA 2PM TUESDAY MARCH 14, 2017
Challenges Associated with Fan Cooled Electronics System Design
Determining the right fan for a cooling application can be a challenging task. Just as your car's 
fuel economy is probably not the same as reported on the window sticker (the EPA dyno test 
conditions are not the same as your real world driving conditions), the same thing can happen 

with cooling fans. Manufacturers' fan performance curves are generated using blockage-free inlet and outlet conditions in a 
test chamber. In real life, most of today's fan cooled electronics pack many components tightly around the fan, which affects 
the air flow and deteriorates the fan's performance. Over predicting the performance of a fan in the early stage of the design 
could be detrimental, causing the components to be hotter than the critical temperatures. Therefore, accurately predicting the 
performance of a fan and its effect in the design is crucial. This presentation will explore in detail the reason why the above 
mentioned discrepancy is happening and will discuss possible solutions including 1) an innovative tool that allows an engineer 
at a fan manufacture to quickly and easily design a fan in 3D and to predict its performances in various environments and 2) a 
modified numerical fan model which helps analysts account for some installation factors.

KULR 3PM TUESDAY MARCH 14, 2017
KULR Technology will introduce the applications of its carbon fiber based thermal interface 
material and PCM heat capacitor during the vendor workshop. Topics will cover:
• Introduction of carbon fiber thermal interface material • Low contact pressure applications
• Compliant interface features and benefits • Slide interface applications
• Features and applications of PCM heat capacitor • Portable laser projector cooling solution

• Embedded camera module solution • Drone 4K camera solution
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Evening Presentation Tuesday, March 14, 2017
A Decade of Data Center Efficiency: What’s Past is Prologue!

Presenter: Jonathan G. Koomey Ph.D, Research Fellow, Stanford University
Lecturer in Earth Systems, School of Earth, Energy, & Environmental Sciences, Stanford University

In 2006, the EPA’s ENERGY STAR group brought the information technology industry together 
twice to discuss energy efficiency in data centers. Electricity use of these facilities had doubled in 
the preceding 5 years, and most folks in the industry knew something had to be done.
Since then, server manufacturers have redesigned their devices to reduce power use when idle, 
highly efficient data center modules have become commonplace, virtualization of workloads is 
routine, efficiency metrics are in widespread use, cloud computing is a well known term, and the 
most sophisticated owner-operators use engineering simulation to better manage design and 
operation of their facilities.

The results have been dramatic. Total electricity used by data centers in the US has grown little since 2007, even 
as delivery of computing services continues to explode. The shift to scaleable and modular facilities has enabled 
substantial improvements in infrastructure efficiency even as servers have become much more sophisticated in 
monitoring and controlling energy use.
This success is remarkable, but much more remains to be done. Most enterprise data centers operate at far lower 
efficiencies than their cloud computing counterparts, which makes them much more expensive to own and 
operate. Surprisingly, the solutions are now impeded primarily by management problems, not technology. Senior 
management routinely fails to understand the tight link between better energy performance and better business 
performance. Once that changes, the pace of efficiency improvements can proceed even more rapidly.
This talk will review these historical developments and describe how industry can do even better in coming years.
Dr. Jonathan G. Koomey is a researcher, author, lecturer, and entrepreneur whose work spans climate solutions, 
critical thinking skills, and the energy and environmental effects of information technology.

12:40 p.m. – 1:45 p.m. Pine and Cedar
Luncheon Presentation:
Multi- Scale Optimization Strategies for Electronics Thermal Management & Energy Harvesting
Ercan M. Dede
Manager in the Electronics Research Department at the Toyota Research Institute of North America

1:30 p.m. – 6:00 p.m. Bayshore Ballroom
EXHIBITS OPEN
 
2:00 p.m. – 5:00 p.m.  Second Floor Gateway Ballroom / Oak and Fir

Vendor Workshops: Parallel Sessions  
Session Chair:  Dave Saums DS&A LLC

2:00 p.m.  Mentor Graphics  Oak
2:00 p.m. Cradle North American Inc. Fir

3:00 p.m.  KULR Oak
3:00 p.m. Future Facilities Fir

4:00 p.m.  Calyos Oak
4:00 p.m.  Netzsch Fir

Schedule of Events Tuesday March 14, 2017 Continued

Continued following page
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FUTURE FACILITIES 3PM TUESDAY MARCH 14, 2017
It's All About the Grid: 6SigmaET Delivers Unrivaled Productivity with Revolutionary 
New Grid Scheme
The computational grid or mesh is the single most important aspect of any CFD code. The 
grid is critical to the accuracy of the solution, the stability of the solver, the types of geometry 
that can be solved and the time to a solution.

The revolutionary multi-level, unstructured, staggered grid in 6SigmaET allows users to solve unprecedented levels of detail 
with no restrictions on geometric complexity while maintaining a validated performance advantage over any other electronics 
thermal simulation software.

CALYOS 4PM TUESDAY MARCH 14, 2017
Calyos is the global leader in Phase-Change Cooling Solutions for electronic components. Based upon 
its unique and extensive expertise in Loop Heat Pipe cooling and its proprietary technology, Calyos 
provides a comprehensive range of high performance, pumpless and passive platform cooling solutions 
for High Performance Computing, Data Centers and Desktops.
 
Calyos Phase-Change cooling solutions significantly reduce the total cost of ownership of its final users 
by enabling cleaner, more reliable, more powerful and more energy efficient customer applications. They 

offer significant improvements over existing cooling solutions.
 With state-of-the-art design tools (2-Phase Models, CFD–FlothermXT, ANSYS…), manufacturing (porous media) and test 
capabilities (high-end laboratory testing), Calyos provides a wide range of services to its clients from design to mass production, 
through prototyping, tests and qualification.

NETZSCH 4PM TUESDAY MARCH 14, 2017
With significant progress in the design of electronic devices and the associated need for 
an efficient thermal management, accurate thermal diffusivity / thermal conductivity 
measurements in the nanometer range are more than ever, crucial. Materials with such 
thicknesses are used in phase-change memories (PCM), thermoelectric thin films, light 

emitting diodes (LED), interlayer dielectrics, and transparent conductive films (FPD), etc. Netzsch will highlight both our nano-
second thermoreflectance apparatus “NanoTR” and pico-second thermoreflectance apparatus “PicoTR”. These instruments 
allow for measurements on materials in a thickness range of several 10 μm down into the nanometer range. This workshop 
will introduce the technique of thermoreflectance, the applications, implications, and sample requirements for effective 
measurements.

WE’VE PUT THERMAL 
RESISTANCE IN ITS PLACE.
Consistent. Reliable. Performance.

DuPont™ Temprion™ thermal management materials improve
application performance, reduce the risk of application 
failure and give you peace of mind in your application design.

temprion.dupont.comtemprion.dupont.comtemprion.dupont.com
Copyright © 2017 DuPont. All rights reserved. The DuPont Oval Logo, DuPont™ and Temprion™ are trademarks or registered trademarks of E.I. du Pont de Nemours and Company or its affi liates.

VENDOR WORKSHOPS
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5:00 p.m. – 5:45 p.m. Bayshore Ballroom Foyer             
App Development Challenge  
Presenter: Ross Wilcoxon   Rockwell Collins

6:15 p.m. – 7:30 p.m Pine and Cedar 
Dinner            

7:30 p.m. – 9:00 p.m. Oak
Evening Presentation
A Decade of Data Center Efficiency: What’s Past is Prologue!
Dr. Jonathan G. Koomey, Research Fellow, Stanford University
Lecturer in Earth Systems, School of Earth, Energy, & Environmental Sciences, Stanford University 

Schedule of Events Tuesday March 14, 2017 Continued

This year, SEMI-THERM is introducing a new activity for the 2018 Symposium, SEMI-THERM 34.   We are 
challenging our participants to develop their own mobile apps that can be used to analyze thermal systems, 
evaluate design options, provide useful information for analysts, teach important concepts in the field of 
electronics cooling, etc.  Apps submitted for the App Development Challenge will be reviewed by members 
of the SEMI-THERM Program and Technical Committees and winners in various categories will be announced.  
These winners will be given prizes and a reduced registration fee for SEMI-THERM 34, which will be held in 
March of 2018 in San Jose, CA.  SEMI-THERM 34 will include a special session in which authors will give 
demonstrations of their winning apps.

The 2017 SEMI-THERM Symposium will have an afternoon session that includes an overview of the App 
Development Challenge.  This will describe how the challenge will be conducted and provide a timeline for 
events included in the challenge.  The session at SEMI-THERM 33 will also include a brief overview of tools 
that can be used by individuals with no prior experience in app development to create sophisticated and 
useful tools for engineering analysis.

Electronics Cooling App
Development Challenge

Presenter: Ross Wilcoxon  Rockwell Collins.

Tuesday March 14, 5:00pm – 5:45pm  Bayshore Ballroom Lobby
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Schedule of Events Wednesday March 15, 2017

7:00 a.m. – 7:45 a.m.  San Jose
Speakers’ Breakfast
(March 15 Speakers and Session Chairs only)

7:00 a.m. – 5:00 p.m.  Bayshore Ballroom Foyer
Attendee Registration

8:00 a.m. – 8:10a.m. Oak and Fir
Opening and Welcome
General Chair Veerendra Mulay, Facebook                                        
  
8:10 a.m. – 9:10 a.m. Oak and Fir
Data Center Keynote Address 
A Holistic View of a Fragmented Data Center Industry
Dr. Bahgat Sammakia Distinguished SUNY Professor and Vice President for Research at Binghamton University.

9:10 a.m. – 9:30 p.m. Gateway Foyer
Coffee Break

9:30 a.m. – 11:10 p.m. Oak
Parallel Session 5: Data Center Cooling I

Session Chair: Chris Aldham,  Future Facilities

9:30 a.m. – 9:50 a.m.
VHTX: a Code for Simulation of Steady State and Dynamic Response of Single or Multiple Networked Cross 
Flow Heat Exchangers in Data Center Thermal Management Systems
Alfonso Ortega, Marcelo del Valle, Carol Caceres, Villanova University, Department of Mechanical Engineering, 
Laboratory for Advanced Thermal and Fluid Systems

9:50 a.m. – 10:10 a.m.
Thermal Power Envelope for IoT Modules
Jared Shipman1, Sruti Chigullapalli2, Jose Mata1, Thomas A Martin2
1Intel Corporation, Chandler Arizhona, United States 2Intel Corporation, Hillsboro Oregon, United States

10:10 a.m. – 10:30 a.m.
An Experimental and Theoretical Investigation of the Effects of Supply Air Conditions on Computational 
Efficiency in Data Centers Employing Aisle Containment
Morgan Tatchell-Evans1, Daniel Burdett1, Jonathan Summers1, Adam Beaumont2, Geoff Fox3 1University of Leeds, 
Leeds, UK 2aql, Leeds, UK 3Digiplex, Oslo, Norway

10:30 a.m. – 10:50 a.m.
Impact of Elevated Temperature on Data Center Operation Based on Internal and External IT Instrumentation
(Peer Reviewed)
Mohammad. I. Tradat1, Husam A. Alissa1, Kourosh Nemati1, Sadegh. Khalili1, Bahgat G. Sammakia1, Mark J. Seymour2, 
Russell Tipton3
1Departments of Mechanical Engineering, ES2 Center, Binghamton University-SUNY, NY, USA
2Future Facilities, London, UK and NY, USA 3Emerson Network Power, Columbus, OH, USA

Continued following page
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MENTOR GRAPHICS 2PM WEDNESDAY MARCH 15, 2017
Thermal Testing and Modeling in Power Electronics: Applications in Design, Reliability 
and Quality Assurance
This session presents a range of power semiconductor applications of thermal transient test 
methods and the use of measurement derived thermally descriptive Structure Functions 
(detailed thermal capacitance-thermal resistance profiles that represent a package heat flow path).
Applications include verifying thermal properties and calibrating accurate thermal models for 
design studies, failure diagnosis and mission profile based testing for reliability purposes, and 
use in defect identification in LED and power semiconductor manufacturing processes. An 

update on the Delphi4LED project will also be included. This joint industry-academic project is aimed at creating standardized 
methods for development of multi-domain (thermal-opticalelectrical) based design and simulation tools for the solid-state 
lighting industry.
Topic highlights:
• Requirements for speed, accuracy, repeatability and low noise thermal measurement in different applications.
• Interpreting Thermal Structure Functions and understanding MicReD® T3Ster® test technology
• Calibrating accurate dynamic thermal models automatically for improving simulation studies
• Power semiconductor reliability and lifetime prediction - gaining insight into thermal degradation development before failure  
  by combining mission profile based active power cycling and thermal transient testing
• Manufacturing Defect Identification - meeting requirements for rapid volume testing, automation, high fidelity and high
  repeatability measurements for package and assemblies
• Volume testing examples - Die attach, Solder, TIM defect identification

ANSYS 2PM WEDNESDAY MARCH 15, 2017
Generic Network Modeling: Efficient Scalability with Good Accuracy
Today's digital infrastructure consists of large electronic facilities whose engineering 
designs must evolve continuously to match mankind's digital demands. Computational 
Fluid Dynamics (CFD)simulation of such facilities with detailed models of all individual 
electronic units is ideal, but prohibitively expensive and time consuming.

In the typical CFD workflow available today, models of large systems are constructed with simplified approximations of 
individual units, such as lumped models of compute racks. Here, the expediency of simulation speed comes with the handicap 
of wider error bands that may be unacceptable. In this study, ANSYS engineers propose a novel Generic Network Modeling 
technique that provides both:
a. Accurate flow and temperature field behavior within individual building block units
b. Faster CFD simulations with low computational overheads
Benefits of this methodology are demonstrated with the example of a data center. Initially, a detailed ANSYS Icepak CFD model 
of a single computer unit is used to create an equivalent network model containing Flow + Thermal 1-D elements. Any number 
of this equivalent Generic Network Model (GNM) can be arranged to create a full rack. With this methodology, the accuracy is 
not sacrificed as the calibrated GNM delivers results matching the detailed CFD model, yet the solve time is much reduced. In 
this seminar, ANSYS experts will discuss the methodology and the benefits of Generic Network Models for accurate and efficient 
modeling of complex system level applications.

ES2 3PM WEDNESDAY MARCH 15, 2017
Industry/University Collaborative Research in Data Center
Energy Efficiency
Technology touches every aspect of our lives, ranging from 
telecommunications and social interactions to entertainment, 
healthcare, finance, commerce and banking. The fabric of the internet 

and telecommunications grid connects us to the data centers that house the massively interconnected servers that process, 
store, and transmit the data that we are now accustomed to accessing at any time and from any place. The emergence of the 
cloud and other developments such as the Internet of Things (IoT) and data analytics continue to fuel the growth of data 
centers. This growth is accompanied by the associated consumption of resources such as energy and water which have become 
significant as the worldwide data enterprise reaches massive proportions.
The Center for Energy-Smart Electronic Systems (ES2) was established in 2011 as a collaboration among government, academia 
and industry to discover and provide industry-driven solutions and technologies to make data centers energy-efficient.
ES2's vision is to enable self-aware and self-managing electronic systems that optimize energy consumption at any specified 
performance. Our mission is to develop the foundations and multidisciplinary solutions to accomplish that vision. This workshop 
will provide an overview of our research with our industry partners as we work toward achieving that vision.

VENDOR WORKSHOPS
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FUTURE FACILITIES 3PM WEDNESDAY MARCH 15, 2017
A Holistic Approach to Characterizing Mission Critical Facility Cooling Performance
A valid Data Center CFD model is critical in answering important questions 
related to cooling performance in design, deployment and operational changes. 
This emphasizes the need for smart and meticulous measurements techniques 
coupled with a Data Center model with the right amount of fidelity required to 
capture the gradients.

Airflow and temperature measurements were recorded to understand the facility’s performance at different operational stages, 
utilizing a wide range of IT equipment in the experimental setups. Each IT was tested separately and flow characteristics were 
obtained (i.e. free delivery, critical pressure and flow curves). All the characterization data was then integrated via compact 
models into a the CFD simulation. A valid Data Center model was then achieved iteratively by comparing measurements to 
simulation results.  
Kourosh Nemati is an applications engineer at Future Facilities. He received his doctoral degree from the State University of New 
York at Binghamton. During his Ph.D., he has been involved in several data center thermal management projects, specialized in 
transport in data centers using both empirical and numerical approaches from server to room levels.
Takeaways:
Requirements for creating a proper Data Center CFD Model
Using experimental data to validate a Data Center CFD Model
Experimental characterization of a data center and commercial hybrid-cooled enclosed cabinet

DEGREE CONTROLS 4PM WEDNESDAY MARCH 15, 2017
Join DegreeC as we cover topics ranging from CFD analysis, onboard
air velocity and temperature sensing in production systems, real-time environmental
monitoring, DC-DC current management, and mitigation of localized airflow starvation 
events.

10:50 a.m. – 11:10 a.m. Oak
CooLMUC-2: A Supercomputing Cluster with Heat Recovery for Adsorption Cooling
(Peer Reviewed)
Torsten Wilde1, Michael Ott1, Axel Auweter1, Ingmar Meijer2, Patrick Ruch2, Markus Hilger3, Steffen Kühnert4, 
Herbert Huber1
1Leibniz Supercomputing Centre of the Bavarian Academy of Sciences and Humanities, Garching, Germany
2IBM Research Zurich, Rüschlikon, Switzerland 3IBM Deutschland GmbH, Berlin, Germany
4SorTech AG, Halle (Saale), Germany

9:30 a.m. – 11:10 a.m.  Fir
Parallel Session 6: Two- Phase Cooling

Session Chair: Pablo Hidalgo,  Aavid Thermacore

9:30 a.m. – 9:50 a.m.
Cooling 11.6 TFlops (1500 Watts) in an Office Environment
Timothy A. Shedd, Robert A. Morell, Ebullient, Inc. Madison, WI, U.S.A.

9:50 a.m. – 10:10 a.m. 
Oscillating Flow in a Heat Sink with Parallel Micro Channels
Yiwu Kuang, Wen Wang, Rui Zhuan, Shanghai Jiao Tong University

Schedule of Events Wednesday March 15, 2017 Continued

Continued following page
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Continued next page

Schedule of Events Wednesday March 15, 2017 Continued

Media Sponsor

10:10 a.m. – 10:30 a.m. Fir 
Modeling Embedded Two-phase Liquid Cooled High Power 3D Compatible Electronic Devices
(Peer Reviewed)
Pritish R. Parida1, Arvind Sridhar 2, Mark Schultz1, Fanghao Yang 3, Michael Gaynes 4, Evan Colgan1, Bing Dang1, 
Gerard McVicker1, Thomas Brunschwiler2, John Knickerbocker1, Timothy Chainer1
1IBM T J Watson Research Center 2IBM Research Zurich
3Princeton Plasma Physics Lab  4Universal Instruments Corporation

10:30 a.m. – 10:50 a.m.
Experimental Study on Flow Boiling in a Hierarchical Manifold Microchannel Heat Sink Array
Kevin P. Drummond, Justin A. Weibel, Suresh V. Garimella, Purdue University, USA
 
10:50 a.m. – 11:10 a.m. 
Integration of a Multiple Piezoelectric Fans System with a Vapor Chamber
H. K. Ma*, S. K. Liao, Y. S. Lee,Department of Mechanical Engineering, National Taiwan University
Taipei, Taiwan

11:10 a.m. – 11:20 a.m.      Gateway Foyer
Coffee Break

11:20 a.m. – 12:40 p.m.      Oak
Parallel Session 7: Data Center Cooling II 

Session Chair:   Veerendra Mulay, Facebook

11:20 a.m. – 11:40 a.m. 
Using Power Trend Predicator to Improve Datacenter Thermal Management Efficiency
Song,Chuan1, Sun,Yanbing1, Ahuja,Nishi2, Sun,Xiaogang3, Jiang,Litrin1, Daniel,Abishai2, Khanna,Rahul2, 
Zhou,Tianyu3, Zhou,Xiang 1, Zhang,Lifei3 1Intel Asia-Pacific Research
2Intel 2501 NW 229th Avenue, Hillsboro, Oregon 97124
3Baidu Ltd., building No.2, No. 10 Xibeiwang East Road, Haidian District, Beijing, PRC

11:40 a.m. – 12:00 p.m.
Rack-level Study of Hybrid Cooled Servers using Warm Water Cooling for Distributed vs. Centralized 
Pumping Systems (Peer Reviewed)
Manasa Sahini1, Chinmay Sanjay1, Mathan Kumar 1, Dereje Agonafer1, John Fernandes2, Jacob Na2, Veerendra 
Mulay2, Patrick McGinn3, Michael Soares3
1University of Texas at Arlington, TX, USA 2Facebook Inc., Menlo Park, CA, USA
3CoolIT Systems Inc., Calgary, AB, Canada
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12:00 p.m.  – 12:20 p.m.  Oak  
Experimental Methods to Characterize the Impact of Cross Flow Orientation on Jets of Air after a Perforated Tile
(Peer Reviewed)
Sadegh Khalili1, Husam A. Alissa1, Mohammad I. Tradat1, Kourosh Nemati1, Bahgat Sammakia1, Mark Seymour2
1Departments of Mechanical Engineering, Binghamton University-SUNY, NY, USA
2Future Facilities, London, UK

12:20 p.m. - 12:40 p.m. 
Performance of a Mixed Mode Air Handling Unit for Direct Liquid Cooled Servers
Mustafa A. Kadhim, Yaser T. Al-Anii, Nikil Kapur, Jonathan L. Summers, Harvey M. Thompson, School of Mechanical 
Engineering, University of Leeds, Leeds, UK

11:20 a.m. – 12:40 p.m.              Fir   
Parallel Session 8: Heat Sinks

Chairman: George Meyer, Celsia 
11:20 a.m. – 11:40 a.m.
A New Hybrid Heat Sink with Impinging Micro-Jet Arrays and Microchannels Fabricated using High Volume 
Additive Manufacturing
Anthony J. Robinson1, Will Tan2, Roger Kempers1, John Colenbrander1, Nathan Bushnell 3, Richard T. Chen2
1Confluent Research Ltd., Laytown, Ireland 2Microfabrica, Van Nuys, USA 3SimuTech Group, Seattle, USA

Luncheon Speaker Wednesday, March 15, 2017
Reducing Earthquake Hazards at Manufacturing Facilities
Guna Selvaduray, Ph.D.
Since the Loma Prieta Earthquake of October 17, 1989 the San Francisco Bay Area has not experienced a 
major earthquake.  This presentation will begin with a brief description of the earthquake threat faced by 
the urbanized SF Bay Area, with a focus on the fault lines that run through this region.  The major part of this 
presentation will focus on the damage that the industries in the Kansai Region in Japan experienced during 
the Kobe Earthquake of Jan 17, 1995, and the lessons that were learned from that unfortunate experience.  
Examples (slides) of damage to buildings and equipment, a summary of the research findings intended to 
reduce damage and accelerate recovery, and mitigation measures that can be taken ahead of time to reduce 
damage, especially for production and laboratory equipment will constitute a major part of this presentation.

Dr. Guna Selvaduray earned his M.S. and Ph.D. degrees from Stanford University and his B. Eng. 
degree from Tokyo Institute of Technology.  His research has focused on nonstructural hazard 
mitigation, hazardous materials problems caused by earthquakes, and protection of building 
contents and plant equipment from earthquake damage.  He has been the recipient of research 
grants from the National Science Foundation, the Department of the Interior and the California 
State Government.  At San Jose State University, Dr. Selvaduray created the Collaborative for 

Disaster Mitigation (CDM), a public-private-academic partnership that has focused on implementing hazard 
mitigation in order to achieve loss reduction.  

Schedule of Events Wednesday March 15, 2017 continued
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11:40 a.m. – 12:00 p.m. Fir   
Radially Varying Air Gap for Near-Ideal Low Cost Passive Heat Spreaders
Evan Chenelly, Intel Corporation, Hillsboro, USA

12:00 p.m. – 12:20 p.m. 
Experimental Characterization of a Cold Plate used in Warm Water Cooling of Data Centers
(Peer Reviewed)
Bharath Ramakrishnan1, Sami Alkharabsheh1, Yaser Hadad1, Bahgat Sammakia1, Paul R. Chiarot1, Mark Seymour2, 
Russ Tipton3
1State University of NewYork, Binghamton, NY,USA 2Future Facilities Limited, London, UK
3Emerson Network Power, Columbus, OH, USA

12:20 p.m. – 12:40 p.m.
Analytical and Experimental Verification of Interleaved Trapezoidal Heat Sink
Hong-Long Chen, Chi-Chuan Wang, Department of Mechanical Engineering National Chiao Tung University, 
Hsinchu, Taiwan

12:40 p.m. – 1:45 p.m.       Pine and Cedar
Luncheon Presentation   
Reducing Earthquake Hazards at Manufacturing Facilities
Guna Selvaduray, Ph.D. San Jose State University

1:30 p.m. - 6:30 p.m. Gateway Ballroom
Exhibits Open

2:00 p.m. – 5:00 p.m.                               Second Floor Gateway Ballroom Oak and Fir
Vendor Workshops  

Session Chair Dave Saums  DS&A LLC

2:00 p.m. Mentor Graphics          Oak
2:00 p.m.  ANSYS                         Fir

3:00 p.m. ES2                Oak
3:00 p.m. Future Facilities            Fir

4:00 p.m. Degree C             Oak

5:15 p.m. – 6:30 p.m.       Bayshore Ballroom
Exhibitor Reception 

Continued next page

Schedule of Events Wednesday March 15, 2017 continued
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Schedule of Events Wednesday March 15, 2017 continued

6:30 p.m. – 8:30 p.m.            Oak  and Fir
Parallel Sessions: “How-To”  Courses   

6:30 p.m. – 7:30 p.m.                                        Oak
Course # 1  Thermocouple Theory and Practice
Robert J. Moffatt, Stanford Emeritus          
 
6:30p.m. – 7:30 p.m.                   Fir
Course # 2 Design of Liquid Cooled Systems
Pablo Hidalgo, Aavid Thermacore

7:30 p.m. – 8:30 p.m.         Oak
Course # 3 Design  Consideration for Heat Sink Mounting Solution
Dr. Milena Vujosevic, Intel Juan L. Cruz, Light

7:30 p.m. – 8:30 p.m.         Fir
Course # 4 Practical Guidelines for Using Heat Pipes and Vapor Chambers in Heat Sinks
George Meyer, Celsia
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How-To Courses 
Evening concurrent sessions Wednesday March 15, 2017 

Thermocouple Theory and Practice  Presenter: Bob Moffatt
Conceptually, thermocouples are very simple: two wires joined together at one end and connected to an instrument 
at the other.  Put the junction on a device, read the signal and learn ---- the  temperature of the thermocouple! The 
problem is that you generally don’t care what the thermocouple temperature is, you want to know the temperature 
of the device to which it is attached.  To get the job done, you need to know about thermocouple theory, but also 
about radiation error and conduction error and, in some cases, velocity error. In this hour,  we will cover the physics 
of TCs, apply that theory to circuits with connectors, and introduce you to the environmental errors you will face.

Dr. Robert J. Moffatt received his Ph.D. at Stanford University and was a Professor of Mechanical 
Engineering at Stanford for 31 years.  His research in the area of experimental heat transfer in turbulent 
boundary layers led to turbulence intensity based heat transfer correlations that are standard in 
the gas turbine industry.  His work in convective cooling of electronic components in both forced 
and natural convection brought physics based understanding to a field that lacked methodical 
approaches.  He is a world renowned expert in experimental methods in the thermosciences, in 
experimental measurements in electronics cooling, and in the use of uncertainty analysis as a tool 

for planning experimental programs of provable accuracy. He is a Fellow of both ASME and ISA.  He retired from 
teaching in 1993 but remains active in research, consulting and teaching engineers how to be better engineers.

Design of Liquid Cooled Systems  Presenter:  Pablo Hidalgo, Thermacore, Inc.
The increase in computing capabilities and larger heat dissipation is approaching the limits of air cooled systems 
in certain applications. Technology is advancing towards an increasing number of liquid cooled systems due to 
its cost-effective performance in high-power, high-heat flux electronics such as microprocessors, IGBTs or power 
modules. Since liquid forced convection has at least an order of magnitude higher heat transfer coefficient than 
forced air convection, at the expense of higher overall pressure drop, the heat transfer mechanism is significantly
more effective. In this presentation, comprehensive design steps and guidelines for designing any kind of liquid 
cooled system will be addressed.

Pablo Hidalgo is a senior thermal engineer in the R&D group at Thermacore working on the 
development of new products for military, aerospace, data centers and medical applications. 
Previously he spent eight years in the department of mechanical engineering at the Georgia 
Institute of Technology working as a research engineer. During his tenure at Georgia Tech, he 
worked in thermal management of high power electronics using diverse flow control techniques 
and aerodynamics.

Continued next page

Coffee Sponsor
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How-To Courses 
Evening Concurrent Sessions Wednesday March 15, 2017

Design Consideration for Heat Sink Mounting Solution   Presenters: Dr. Milena Vujosevic, Intel
Juan L. Cruz, Light

As systems are becoming densely packed with more components added on the board and/or with boards 
becoming smaller, heat sink attachment designs need to become more innovative. This requires engineers to 
become more aware of the impact that heat sink mount design choice can have on the performance and reliability 
of electronic components.   In this course we will discuss the multitude of challenges that need to be taken into 
account when designing heatsink mounting solutions. Special focus will be on explaining why successful heat sink 
mounting solutions need to account for both heat transfer and mechanical considerations.  

Dr. Milena Vujosevic is a Principal Engineer and Senior Manager in Intel’s Quality and Reliability 
Organization.  She leads strategic developments in package certification, multiphysics predictive 
modeling methodologies and co-optimization of customers’ board assembly solutions. She has 
more than 20 years of experience in engineering and management of multidisciplinary teams 
including: technology development, product design, quality and reliability, research and teaching. 
Prior to joining Intel in 2005, she worked for Motorola in the area of MEMS. Milena has a PhD in 
Mechanical Engineering. She has more than 60 technical publications.  

Juan L Cruz is Thermal Mechanical Engineer at Light. Juan has worked in the thermal management 
field for over 15 years solving a multitude of thermal challenges.  He was the lead Thermal Architect 
at Ericsson where he developed innovative thermal solutions for high end routers that used up to 
80KW per rack.

Practical Guidelines for Using Heat Pipes and Vapor Chambers in Heat Sinks Presenter: George Meyer 
Heat pipes, and increasingly vapor chambers, are common devices used to improve heat sink thermal performance 
by over 30% when compared to solid metal alternatives. This course will cover two-phase device similarities, 
differences, misconceptions, best uses, sizing and performance modeling through the presentation of numerous 
examples.
 
Who Should Attend: Engineers interested in learning about how to best incorporate heat pipes and/or vapor 
chambers into their next heat sink design.
 

George Meyer is a thermal industry veteran with over three decades of experience in electronics 
thermal management. He currently serves as the CEO of Celsia Inc., a design and manufacturing 
company specializing in custom heat sink assemblies using heat pipes and vapor chambers. 
Previously, Mr. Meyer spent twenty-eight years with Thermacore in various executive roles including 
Chairman of the company’s Taiwan operations. He holds over 70 patents in heat sink and heat pipe 
technologies and serves as a chairperson for both SEMI-THERM and IMAPS thermal conferences in 
the San Francisco area. 
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7:00 a.m. – 7:45 a.m.         San Jose
Speakers’ Breakfast
(March 16 Speakers and Session Chairs only)

7:00 a.m. – 12:30 p.m.                                                                Gateway  Ballroom Foyer
Attendee Registration

8:00 a.m. – 8:10 a.m.        Oak and Fir
Opening and Welcome  
General Chair Veerendra Mulay, Facebook                            
       
8:10 a.m. – 9:10 a.m.            Oak and Fir
THERMI Award Presentation :
Chandrakant Patel Chief Engineer and Senior Fellow of HP Inc.
Chips, Data Centers to 3D Printing: An Exciting Road Ahead Paved on the Fundamentals of Thermal Sciences

9:10 a.m. – 9:30 p.m.                                                                  Gateway Foyer
Coffee Break

9:30 a.m. – 11:10 p.m.       Oak
Parallel Session 9 : Measurement

Session Chair:  Kaz Yazawa,  Microsanj

9:30 a.m. – 9:50 a.m. 
Hyperspectral Thermoreflectance Imaging for Power Devices
Dustin Kendig, Microsanj, LLC.
Kazuaki Yazawa, Microsanj, LLC. and Purdue University Ali Shakouri, Purdue University

9:50 a.m. – 10:10 a.m. 
Rapid Test Method for Thermal Characteristics of Semiconductor Devices
Shiwei Feng, Dong Shi, Xiang Zheng, Jingwei Li, Xin He, Yamin Zhang, Beijing University of Technology, Beijing, 
China

10:10 a.m. – 10:30 a.m.
High Performance Computing 3 Dimensional Integrated Thermal Test Vehicle
Stephen Polzer, Wendy Wilkins, Jason Prairie, Barry Gilbert, Clifton Haider, Mayo Clinic, Rochester, MN, USA

Schedule of Events Thursday March 16, 2017

Silver Sponsors

Continued next page



SEMI-THERM 33

26

10:30 a.m. – 10:50 a.m.   Oak
Effects of Anisotropic Nonconductive Film Properties on 3D IC Integration
Mei-Chien Lu, Monte Rosa Technology, San Francisco Bay Area, CA, USA

10:50 a.m. – 11:10 a.m. 
High Temperature Submicron SOI CMOS Technology Characterization for Analog and Digital Applications
up to 300°C
Konstantin O. Petrosyants1, Sergey V. Lebedev2, Lev M. Sambursky1, Veniamin G. Stakhin2, Igor A. Kharitonov1, 
Mamed R. Ismail-zade1, Pavel V. Ignatov2
1National Research University “Higher School of Economics” (Moscow Institute of Electronics and Mathematics), 
Moscow, Russia
2National Research University MIET, Design Centre, Zelenograd, Moscow, Russia

9:30 a.m. – 11:10 p.m.        Fir
Parallel Session 10 : Thermal Interface Materials

Session Chair : Jason Strader, Laird

9:30 a.m. – 9:50 a.m.
Junction to Case Thermal Resistance Variability Due to Temperature Induced Package Warpage
Tom Nordstog, Christopher Henry, Cameron Nelson, Jesse Galloway, Phillip Fosnot, Quan Pham, Amkor 
Technology, Tempe, USA

9:50 a.m. – 10:10 a.m.
The Interface in Molybdenum-Copper-Composites used for Thermal Management Applications
M. Seiss1, T. Mrotzek1, U. Jäntsch2, M. Klimenkov2, J. Reiser 2, W. Knabl1
1Plansee SE, 6600 Reutte, Austria
2Karlsruhe Institute of Technology, Institute of Applied Materials, 76344 Eggenstein-Leopoldshafen, Germany

10:10 a.m. – 10:30 a.m. 
Experiments on the Thermal Resistance of Deformable Thermal Interface Materials under 
Mechanical Loading
Richard Kenney1, Vaidehi Oruganti1, Alfonso Ortega1, Don Nguyen2, Michael Brooks2
1Laboratory for Advanced Thermal and Fluid Systems, Department of Mechanical Engineering, Villanova 
University, Villanova, PA, USA
2Cisco Systems Limited, San Jose, CA, USA

10:30 a.m. – 10:50 a.m.
Thermal Performance of TIMs during Compressive and Tensile Stress States
(Peer Reviewed)
Cameron Nelson, Jesse Galloway, Christopher Henry, William Kelley, Amkor Technology, USA

Schedule of Events Thursday March 16, 2017 continued
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10:50 a.m. – 11:10 a.m.  Fir
Evaluation of Characterization Methods for Solid Thermal Interface Materials
(Peer Reviewed)
Fabian Streb1, Dirk Schweitzer2, Manfred Mengel1, Thomas Lampke3
Infineon Technologies AG, Regensburg, Germany
2Infineon Technologies AG, Neubiberg, Germany
3Technische Universität Chemnitz, Chemnitz, Germany

11:10 a.m. – 11:20 a.m.       Gateway Foyer
Coffee Break

11:20 a.m. – 12:40 p.m.       Oak
Parrallel Session  11 : LEDs

Session Chair Geneviève Martin, Philips

11:20 a.m. – 11:40 a.m. 
Analysis on LED Street Lamp Cooling using Electromagnetic Fans
Z. L. Guo 1, H.C. Su2, H. Y. Xu2 
1Rice University 2Dastrong Corp

11:40 a.m. – 12:00 p.m.
Structure Function Analysis and Thermal Compact Model Development for a Mid-Power LED
(Peer Reviewed)
Anton Alexeev1, Genevieve Martin2, Volker Hildenbrand2
1Eindhoven University of Technology, Eindhoven, The Netherlands
2Philips Lighting, Eindhoven, The Netherlands

12:00 p.m. – 12:20 p.m. 
A Method of Characterising the Thermal Resistance of High Power LEDs
John Ellis, Gethn Pickard, Plessey Semiconductors Ltd., UK

Schedule of Events Thursday March 16, 2017 continued
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12:20 p.m. – 12:40 p.m.  Oak
Transient Light Emission Microscopy for Detecting the Non-Uniform Junction Temperature in 
Flip-Chip Light-Emitting Diodes
Mian, TAO, Center for Advanced Microsystems Packaging, The Hong Kong University of Science and Technology, 
Clear Water Bay, Kowloon, Hong Kong
S. W. Ricky LEE, Department of Mechanical

11:20 a.m. – 12:40 p.m.        Fir
Parrallel Session  12: Auto/Aerospace/Outdoor Applications II

Session Chair : Ross Wilcoxon, Rockwell Collins

11:20 a.m. – 11:40 a.m.
Electro-Thermal Analysis for Automotive High Power MOSFETs
Asantha Kempitiya , Wibawa Chou, Infineon Technologies Americas Corp.

11:40 a.m. – 12:00 p.m.
Novel Expand-to-Shape Latent Heat Storage Systems based on Carbon Composite Materials
Florian Preishuber-Pfluegl, Alexander Buchner, Klaus Reiser, Sandra Reisinger, Klaus Hoell, Schunk Hoffmann 
Carbon Technology AG, Bad Goisern, Austria

12:00 a.m. – 12:20 p.m. Natural-Graphite-Sheet Based Heat Sinks
Martin Cermak 1, John Kenna2, Majid Bahrami1
1Laboratory for Alternative Energy Conversion 2Terrella Energy Systems Ltd

12:20 p.m. – 12:40 p.m.
Numerical Modeling and Optimization of a V-groove Warm Water Cold-plate
Yaser Hadad, Bharath Ramakrishnan, Sami Alkharabsheh, Paul R Chiarot, Bahgat Sammakia, State university of 
New York at Binghamton, Binghamton, USA

12:40 p.m. – 1:50 p.m.       Pine and Cedar
Awards Luncheon

Recipients 
Dr. Robert J. Moffat Stanford Emeritus  

2017 Thermal  Hall of Fame Lifetime Achievement Award

Chandrakant D. Patel, Chief Engineer and Senior Fellow HP
2017 THERMI  Award

Robin Bornoff, John Wilson, John Parry, Mentor Graphics Mechanical Analysis Division
2016 Harvey Rosten Award 

3:00 p.m. – 4:30 p.m.  San Carlos
Post Conference Review Meeting

4:30 p.m. – 6:00 p.m.  San Carlos
Board of Trustees Meeting

 Friday March 17, 2017
8:30 a.m. – 4:00 p.m.   San Carlos
JEDEC JC15 Meeting   (members only)
Chair: Jesse Galloway, Amkor Technology Inc.

Schedule of Events Thursday March 16, 2017 continued
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Platinum Sponsor

Plan on attending SEMI-THERM 34
at the DoubleTree by Hilton

in San Jose, March 19-23, 2018.
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MAE

Mechanical & Aerospace Engineering
The University of Texas at Arlington

Dr. Robert J. Moffat
In Recognition of Significant Contributions

to the Field of Electronics Thermal Management

Presented To

We are proud to sponsor:

The SEMI-THERM Educational Foundation
Thermal Hall of Fame

Professor Robert J. Moffat received his Ph.D. at Stanford University and was a Professor of Mechanical 
Engineering at Stanford for 31 years.  His research in the area of experimental heat transfer in turbulent 
boundary layers led to turbulence intensity based heat transfer correlations that are standard in the gas 
turbine industry.  His work in convective cooling of electronic components in both forced and natural 
convection, in particular in developing the concept of the adiabatic heat transfer coefficient, brought 
physics based understanding to a field that lacked methodical approaches.  He is a world renowned expert 
in experimental methods in the thermosciences, in experimental measurements in electronics cooling, and 
in the use of uncertainty analysis as a tool for planning experimental programs of provable accuracy. His 
short courses at SEMI-THERM and at many other venues are legendary and have been hugely influential 
in training generations of engineers on proper experimental characterization and testing of electronic 
systems.  He is a Fellow of both ASME and ISA.  He retired from teaching in 1993 but remains active in 
research, consulting and teaching engineers how to be better engineers.
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THERMI Award
Each year, SEMI-THERM honors a person as a Significant Contributor to the field of semiconductor thermal 
management. The THERMI award is intended to recognize a recipient’s history of contributions to crucial thermal 
issues affecting the performance of semiconductor devices and systems. The voting body of past THERMI winners 
and the current year General Chair are pleased to present the 2017 THERMI Award to:

Chandrakant Patel
Chandrakant Patel is currently Chief Engineer and Senior Fellow of HP Inc.
Dr. Patel has led HP Labs in delivering innovations in chips, systems, data centers, storage, networking, print engines 
and software platforms. He is a pioneer in thermal and energy management in data centers, and in the application 
of information technology for available energy management at the scale of cities.
An ASME and an IEEE Fellow, Patel has been granted 148 patents and published more than 150 papers. An advocate 
of a return to fundamentals, he has served as an adjunct faculty member in engineering at Chabot College, U.C. 
Berkeley Extension, San Jose State University and Santa Clara University.
In 2014, Chandrakant was elected to the Silicon Valley Engineering Hall of Fame.

Chips, Data Centers to 3D Printing: 
An Exciting Road Ahead Paved on the Fundamentals of Thermal Sciences 
The 19th and the early 20th centuries were largely about the industrialization of electro-mechanical (physical) 
systems like the steam engine and the utility grid. The latter half of the 20th century has been about information 
(cyber) systems and the internet. The 21st century will be about the integration of these two, namely cyber-physical 
systems (CPS).  Advancement in thermal sciences has tracked these technology trends. During the cyber age, early 
thermal management advancements were driven by the growth of chip technologies. In the latter part of the 20th 
century, by the rise of internet data centers. 

In the 21st century, an entirely new crop of challenges is upon us. The 21st century cyber-physical solutions – 
such as those associated with autonomous physical systems - will require novel computing architectures and 
topologies for real time analysis and action. These cyber-physical systems will necessitate novel chip scale thermal 
management solutions. With respect to internet data centers, the promise of the 20th century has not been realized 
as 60% of the people in the world are yet to be connected. The total cost of ownership of the next generation of 
data centers will have to be driven down by a factor of ten with innovations in thermal and energy management. 
Finally, a new area will emerge as resource constraints will accelerate on-demand high throughput 3d printing of 
least lifetime energy structural parts. Thermal management will become one of the key pillars of these 3d print 
engines. 

In this session, we will explore these opportunities that promise an exciting road ahead for the thermal sciences 
community. For future contributors, success will require multi-disciplinary breadth with depth in the fundamentals 
of thermal sciences.
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Thursday March 16, 2017 12:40 p.m.
The  2016 Harvey Rosten Award Recipients 

Subtractive Design: A Novel Approach to Heatsink Improvement
Robin Bornoff, John Wilson, John Parry

Mentor Graphics, Mechanical Analysis Division

Robin Bornoff attained a Mechanical Engineering Degree from Brunel University in 1992 followed by a PhD in 1995 for CFD research. He 
then joined Mentor Graphics Corporation, Mechanical Analysis Division (formerly Flomerics Ltd) as an application and support engineer, 
specializing in the application of CFD to electronics cooling and the design of the built environment. Having been the Product Marketing 
Manager responsible for the FloTHERM and FloVENT products, he is now Market Development Manager for the Physical Design of 
Electronics in the Mechanical Analysis Division.

John Wilson joined Mentor Graphics Corporation, Mechanical Analysis Division in 1999, after receiving his BS and MS in Mechanical 
Engineering from the University of Colorado at Denver. Previously John managed the engineering design services business, ranging 
from IC component level to Data Centers, heat sink optimization and compact model development.  John has extensive experience in IC 
package level test and analysis correlation through his work at Mentor Graphics' Fremont-based Thermal Test Facility.  He is currently the 
Electronics Product Specialist for the Mechanical Analysis Division. 

John Parry attained a Chemical Engineering Degree from Leeds University in 1982, and a PhD in 1988. He joined Mentor Graphics 
Corporation’s Mechanical Analysis Division, when it was founded as Flomerics in 1989 to manage its customer services operation, and 
later head its research activities. John has coordinated several collaborative research and knowledge transfer projects, and oversaw the 
technical integration of MicReD into Flomerics’ business. He has experience in compact modeling of fans, IC & LED packages, heatsinks, 
DoE & optimization methods, and thermal characterization, with over 75 published technical articles. He is a member of JC15 and past 

chair of SEMI-THERM and has 4 patents pending.

The Harvey Rosten Award
The award is for outstanding work, recently published or in the public domain, which advances the analysis or modeling of thermal 
or thermomechanical effects in electronic equipment or components, including experiments aimed specifically at the validation of 
numerical models. The award is in the form of a plaque and a $1000 cash prize.  The award was established by the family and friends of 
Harvey Rosten, to commemorate his achievements in the field of thermal analysis of electronics equipment, and the thermal modeling of 
electronics parts and packages.  The Award is made annually to encourage innovation and excellence in these and closely related fields.

The recipient is selected by the Selection Committee, made up of eminent practitioners in the electronics-thermal field.
The criteria for selection are:
• The work represents an advance in thermal analysis or thermal modeling of electronics equipment or components, including
  experiments aimed specifically at validating numerical models.
• The work demonstrates clear application to practical electronics design.
• The work demonstrates insight into the physical processes affecting the thermal behavior of electronics components, parts
  and systems.
• The work is innovative in embodying this understanding in either thermal analysis or thermal modeling.
• A pragmatic approach is taken in the application of the work.
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Aavid Thermacore

Aavid Thermacore, Inc. specializes in the custom 
design, development, and manufacturing of highly 
engineered thermal management systems and 
components for a variety of OEM applications across a 
diversified set of global markets that include military/
aerospace, computer, telecommunications, energy 
conversion, medical and test equipment.

Alpha Novatech

Alpha Novatech, Inc. is your partner for Thermal 
Solutions. We offer a wide variety of standard heat 
sinks and accessories. Our product line includes 
natural convection, forced convection, and active heat 
sinks. We also offer various attachment methods and 
hardware for almost any application. In addition, we 
can offer free heat sink thermal simulations. Standard 
or custom heat sinks in prototype to production 
quantities Quick and easy customization without NRE 
fees, while featuring short lead times Standard parts 
are carried in stock Lead time for custom parts of 1-2 
weeks is possible for initial quantities

Analysis Tech

Semiconductor Thermal Testers
Complete measurement systems for device 
thermal resistance, impedance, & die-attach quality 
using transient & steady state electrical-junction 
temperature-measurement. Transient structure 
function analysis is used to delineate internal-package 
resistances & measure Rjc via JEDEC 51-14. Power 
Cycling systems for device life-testing with automatic 
monitoring of thermal deterioration with age. Test 
services offered. Thermal Interface Material Testers 
ASTM D5470 based testers offering fast & accurate 
measurement of thermal conductivity & contact 
resistance of electronic-packaging materials over a 
wide range of thickness, pressure, & temperature. Test 
services offered. Event Detectors Electrical reliability-
testers for passive interconnects including solder 
joints & connectors, with easy integration to thermal-
cycle, drop-test, shock, and vibration gear; based on 
JEDEC and IPC standards for interconnect reliability 
testing.
www.analysistech.com

AI Technology, Inc.

We have more than 25 years of experience and 
successes in helping military, aerospace, computer, 
and super-computer manufacturers with thermal 
compound and thermal interface materials for 
building some of the most reliable electronic devices 
and computers. Since pioneering the use of flexible 
epoxy technology for microelectronic packaging in 
1985, AI Technology, Inc. has been one of the leading 
forces in development of patented applications 
of advanced material and adhesive solutions for 
electronic interconnection and packaging. The 
company continues to provide adhesive solutions for 
component and substrate bonding for both military 
and commercial applications. It's thermal interface 
material solutions of patented phase-change thermal 
pads, thermal grease and gels and thermal adhesives 
set many bench marks of performance and reliability 
for power semiconductor and modules, computer 
and communication electronics.
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ANSYS

If you’ve ever seen a rocket launch, flown on an 
airplane, driven a car, used a computer, touched a 
mobile device, crossed a bridge, or put on wearable 
technology, chances are you’ve used a product where 
ANSYS software played a critical role in its creation. 
ANSYS is the global leader in engineering simulation. 
We help the world’s most innovative companies 
deliver radically better products to their customers. 
By offering the best and broadest portfolio of 
engineering simulation software, we help them solve 
the most complex design challenges and engineer 
products limited only by imagination.

AOS Thermal Compounds

AOS Thermal Compounds manufactures the most 
durable non-silicone thermal interface materials 
including thermal greases, Sure-Form gap fillers and 
unique Micro-Faze thermal pads (not phase change 
material).

Calyos

Calyos is a cooling solution provider specializing in 
the Loop Heat Pipe (LHP) technology. Thanks to its 
know-how and protected IP, Calyos positions itself 
as the world leader in LHP manufacturing. Delivering 
high performing products, Calyos succeeded to 
address several industries with 2 product lines 
adapted to different ranges of power. For low power 
(10W-1000W), the company supplies cooling products 
for Data Center, Workstation/Desktop and LEDs. For 
high power (1000W-40KW), Calyos mainly addresses 
power converter manufacturers (Transports, Wind 
Turbines, Industrial Processes…).

CEJN 

Fluid products must be leak free, able to quickly 
connect and disconnect, able to withstand the 
transferred media and to endure the operating 
conditions to which they are subjected. CEJN's Fluid 
products encompass all of these necessities. Our 
fluid couplers and nipples are available in valved 
and valveless designs for low- and medium- pressure 
applications. Presented here are fluid couplings and 
nipples, hoses and hose kits for fluid applications. 
www.cejn.us
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Cofan

Cofan, 22 years in computer hardware manufacturing 
industry, can be your one stop supplier of components, 
mechanical parts or complete assemblies.  Cofan 
owns factories in China and Taiwan to offer you best 
pricing, fast turnaround, and good quality.  We are 
a high mix low volume manufacturer.  We supply 
to telecommunications, electronic manufacturing 
services (EMS), data center (server) and computer 
hardware companies.

Cofan offers: AC & DC Fans, Heat Sinks, Heatpipes, 
Metal parts (machined, extruded, forged, stamped, 
die-cast), Plastics parts (machined, injection molded, 
pressure molded), Hardware (screws, PEMs, springs) 
and PCBs and MCPCBs.

Center for Energy-Smart Electronic Systems 

The NSF Industry/University Cooperative Research 
Center for Energy-Smart Electronic Systems (ES2 is 
a collaboration among government, academia and 
industry to discover and provide industry-driven 
solutions and technologies to make data centers 
energy-efficient. ES2’s grand vision is to enable 
cognitive approaches for realizing self-aware and 
self-managing electronic systems that optimize 
energy consumption at any specified performance, 
availability and reliability level. Our mission is to 
develop the foundations and multidisciplinary 
solutions to accomplish that vision. ES2 comprises 
four domestic university sites, one international site 
and over 20 industry members working on 15 unique 
research projects.

Celsia Inc.

Celsia specializes in custom heat sink design and 
manufacturing using liquid two-phase devices: 
heat pipes and vapor chambers. Through its US 
headquarters and Taiwan design & production facility, 
the company’s goal is to deliver fast, affordable, and 
reliable thermal solutions for the most demanding 
applications including high density electronics, 
performance CPU / GPU, amplifiers, HBLEDs, ASICS, 
and rugged systems.  In recent years, Celsia has 
shipped over 2.5 million thermal assemblies to a global 
custom base in the telecommunications, computer, 
test equipment, defense, laser, and medical markets.

Chilldyne

Chilldyne sells liquid cooling systems optimized for 
data centers. Our direct-to-chip liquid cooling Cool-
Flo® system offers all the benefits of liquid cooling 
without reducing uptime and with no worries about 
leaks. The system utilizes hybrid air-and-liquid-cooled 
heat sinks and negative pressure to deliver a zero-
downtime, leak-proof, low-cost solution. Our system 
is optimized for ease of installation and operation 
so that all the rack and server level connections do 
not require a plumber. The system installs into most 
servers and racks with no modifications making the 
switch to modern liquid cooling an easy decision.
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CPC 

CPC thinks beyond the point of connection to help 
protect valuable electronics. Designed specifically 
for liquid cooling applications, rugged couplings 
withstand long periods of connection yet disconnect 
reliably without drips.

Cradle North America 

Software Cradle is a leading provider of Computational 
Fluid Dynamics (CFD) software including SC/Tetra 
(general purpose unstructured mesh), scSTREAM 
(general purpose Cartesian mesh), and HeatDesigner 
(Cartesian mesh for electronics). Since inception in 
1984, Cradle has established itself as a major innovator 
that is advancing the role of simulation in engineering 
design. Our software products are well known for 
ease of use, exceptionally fast and powerful meshing, 
efficient solvers, sophisticated physical models, and 
professional post processing. Cradle’s worldwide 
presence consists of offices in Japan, North America, 
France, and a network of distributors servicing and 
supporting all parts of the globe.

Degree Controls Inc.   

DegreeC engineers airflow and delivers innovative 
solutions to thermal issues in a variety of mission-
critical applications. We make environmental sensors, 
instruments for system performance testing, and 
control solutions that deliver precise air flow where 
and when it is needed most. We do this at all scales 
of system infrastructure from miniature sensors 
for process controls in circuit board environments 
to comprehensive ventilation and cooling system 
controls for critical facilities.

Cooling Source

Cooling Source, Inc. is a heatsink manufacturer 
offering the most comprehensive value-added 
standardized or custom heatsink solutions for today’s 
global market. Using the very latest technology 
available to heatsink manufacturers, we offer a wide 
range of products for our global market clients. Our 
company goal is simple: to deliver the highest value to 
our customers as the premier heatsink manufacturer, 
offering standard or custom designed products, and 
services above and beyond what our customers 
expect. If you are unsure whether to use a standard or 
custom heat sink, allow our experts to help you make 
the right decision for both your overall cost, tooling 
time, and delivery time.
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Fujipoly America

Fujipoly is a world leader in the manufacture of 
Sarcon® Thermal Interface Materials, which are used 
to help keep sensitive electronic components cool by 
eliminating the air gap between the component and 
heat sink. Our products range in thermal conductivity 
from 1.0m watt/m-K to 17 watt/m-K, offering some 
of the lowest thermal resistance in the industry. 
Our product line-up consists of soft Gap Filler Pads, 
Conformable Putties, Form-In-Place Gap Fill Materials, 
as well as custom and standard die-cut thin film 
materials. Our wide range of material types, coupled 
with the widest range of thermal conductivity, allows 
us to meet most design criteria. Fujipoly has nine 
locations in North America, Europe, and Asia making 
it easy for us to assist our customers at the local level.

Electronics Cooling

Electronics Cooling® magazine has been providing 
practical education in the field of thermal 
management of electronics since 1997. We cover 
the most common thermal management solutions 
including materials, techniques, components and 
devices, and their associated thermal properties 
used in electronics packaging. Electronics Cooling® is 
published by ITEM Media.
Electronics-cooling.com

Dupont Electronic Materials 

New DuPont™ Temprion™ thermal management 
materials from DuPont Electronic Materials offer 
a high-quality, reliable choice for managing heat 
and reducing thermal resistance in a wide variety 
of electronic assemblies. This means enhanced 
performance and an extended lifetime for today’s 
technologically advanced electronic devices and 
products. Temprion™ electrically insulating films, 
adhesive thermal tapes, non-silicone greases and 
dispensable gap fillers offer excellent thermal 
conductivity, lower thermal resistance, higher heat 
dissipation and improved thermal stability during 
continuous operation. Better yet, they’re from 
DuPont—a name you know and trust—and are 
backed by the most reliable test data in the industry. 
So when it comes to managing heat, turn to DuPont™ 
Temprion™ for performance you can count on.

Element Six Technologies

Element Six fabricates and sells engineered synthetic 
poly- and single crystal diamond products and 
diamond composites. Technologies using CVD 
Diamond material include thermal management for 
component such as laser diodes, laser diode arrays, 
power devices, RF amplifiers, RF resistors, LED’s and 
others. We also manufacture high power laser optics, 
beam splitters, IR spectroscopy, high energy particle 
detectors as well as electrochemistry and products 
for scientific applications. In order to address the 
ever increasing requirements in the semiconductor 
industry, an extreme material like diamond makes 
its way into applications where it was not considered 
previously. Through its high thermal conductivity, 
extreme stiffness, low density and abrasion resistance 
it is becoming the material of choice for demanding 
applications such as wafer carriers, heating 
components, scanner mirrors and laser shutters.
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Kitagawa Industries 

KITAGAWA INDUSTRIES America, Inc. is a global 
leading provider and manufacturer of EMI solution, 
thermal solution, and shock/vibration management 
products as well as plastic components. Our thermal 
solutions include Thermal Interface Materials (TIM) 
such as silicone and silicone-free pads, phase change 
gels, ultra-thin thermal films, and dual function 
materials. Our wide products varieties and custom-
layered solutions can be engineered to meet very 
specific applications requirements. The newest items 
in our product line include our silicone-free, soft 
5W/m*K (CPSH series) and our silicone-free, dual-
function absorber and thermal pad (EMPV4 series).

KULR 

KULR’s proprietary carbon fiber-based architecture 
replaces less efficient aluminum and copper based 
heat spreaders and exchangers, which are energy 
intensive and less environmentally friendly to 
produce. Carbon fiber thermal interface materials 
are superior alternatives to particle based thermal 
interface materials for higher performance, lower 
contact pressure, higher compliance, and longer 
reliability.

Future Faciltities

We set Future Facilities up to deliver the power 
of engineering simulation into the hands of an 
emerging data center industry. We created a tool 
optimized for data centers, designed to be used by 
the DC professional, and made it powerful, intelligent, 
automated and connected. Five years later, we tuned 
our technology to deliver the same benefits to the 
thermal management of electronics and provide an 
integrated toolset for these two converging industries. 
We develop engineering simulation software that 
allows our customers to quantify and qualify business 
decisions balancing risk against cost. Our offering 
covers the full spectrum starting from electronics 
design to data center design and operations. Our 
software provides a safe, offline environment in 
which to create virtual prototypes, troubleshoot 
existing designs and run what-if scenarios for future 
configurations.

Jones Tech 

Jones Tech PLC is engaged in providing creative 
solution to improve the reliability of electronics 
equipments. Established in year 1997, with its rich 
R&D resources and manufacturing experience, Jones 
Tech has been serving telecommunications, medical 
electronics, IT, industrial machinery manufacturing, 
rail transportation and renewable energy.
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Materion  

Materion Ceramics, Inc is a global leader in high 
performance engineered ceramics that enable 
customers to meet superior levels of product 
strength, reliability, miniaturization, weight savings, 
and thermal dissipation. . Our beryllium oxide (BeO) 
ceramics provide thermal conductivity second only 
to diamond, dissipating up to 325W/mK at room 
temperatures, ten times greater than Al2O3 and 
double AlN.

Man Zai  

As a leader in electronic liquid cooling system, Man 
Zai offers a wide range of thermal modules for CPU, 
VGA, LED, Bio-Chemical and automotive electronic 
device. The vthermal team is equipped with state of 
the art hardware and software, which includes wind 
tunnel testing, hydraulic test equipment, simulation 
software, helium & air leakage test equipment and 
ultra-high-speed pre-filling technology. We are able 
to establish long-term relationships with several 
world-wide famous brand names. The quality system 
and sophisticated R&D capability in Man Zai will 
provide our customers the best thermal solution.

Long Win

Since 1985, Long Win specializes in research, design, 
manufacture and service of scientific instruments 
and apparatus for thermal management, material 
& fluid mechanics and educational fields. Long Win 
holds a leading position on research, measurement 
and inspection apparatus for the electronic cooling 
industry. Some of their product lines include thermal-
related measurement apparatus for fan performance 
(automated airflow benches based on AMCA 210 
standard), TIMs (Thermal resistance and conductivity 
measurement), cooler modules, heat pipes, vapor 
chambers, IC packages, LEDs, and natural-convection 
simulation. They have more than 100 types of 
apparatus in their 18,000 sq. ft. lab which is located in 
Taiwan. Long Win’s thermal is launched in Livermore 
California later in 2016. Website: www.longwin.com

LISAT 

LISAT, manufacturer of Thermal Interface Material 
& EMI products. HQ in U.S., LISAT have operations 
in Asia. In U.S., we provide Thermal Management 
Solution to customers & work with R&D Engineers 
at Design Centres. We provide technical support & 
samples to our customers to test our materials. Our 
Asia operations provide manufacturing, converting, 
technical & sales to customers’ worldwide. Our 
products : TIM Pad, Insulator, Silicon Free TIM, 
Gel, Grease, Mylar, Graphite, Conductive Plastic, 
Conductive Elastomer, Fabric-Over-Foam, Microwave 
Absorbing Material, Metal Finger Stock, EMI Shielding 
Solution, Switching Power Supply, Desktop & Wall 
Mount Adaptor, Metal Core PCB, Ceramic PCB. Email 
alan@lisat.net.
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Package Science Services  

We are IC packaging experts. Decades of experience 
support development of standard and custom high 
performance IC packages that precisely match the 
performance of your chip or device on time and within 
your budget. Our engineering teams provide package 
selection, design, layout, prototype, and production 
solutions. Design, modeling and simulation tools 
are used for signal and power integrity, thermal/
mechanical, and manufacturing process simulation 
and analysis. To close the loop, thermal and electrical 
test labs provide in-house validation and testing 
services. Located in Santa Clara, CA. Contact us and 
come by for a tour of our labs and discuss how we can 
help you solve your IC packaging challenges.

QuantaCool  

QuantaCool Corporation (QCC) has developed a 
patented two-phase passive cooling system that 
highly efficient proprietary cold plates to remove 
heat without pumps or water via a thermosyphon 
loop. This systems operate with out any pumps, and 
does not use water allowing us to safely and reliably 
to remove heat from any device.

Polymatech America  

Polymatech Company is a global leader in electronic 
materials with state of the art material and process 
technology which are used in the electronic 
and automotive applications. The company is 
headquartered in Saitama, Japan and has a strong 
global presence in the Americas, Europe, and Asia. 
Polymatech has a very high standard in what they 
offer and it’s focused teams supplies solutions 
to it’s customers. The company believes strongly 
in innovation and meets and exceeds customer 
expectation. The current portfolio includes a vast 
range of products in consumer electronics, computer 
hardware, automotive, lighting, and telecom 
industries. Please contact: Ehsan Khan – ehsan.khan@
polymatech.com or call 4156083354

Mentor Graphics  

Supporting product development with leading 
electronics cooling simulation software (FloTHERM® 
& FloTHERM®  XT) and measurement hardware 
(MicReD®  T3Ster®).
Discover faster, accurate thermal simulation processes 
suited to product development by handling complex 
MCAD geometry and including detailed PCB data 
more easily. Learn about new enhancements - 
rotating geometry modeling (Fans), automatic IC 
package model calibration, design of experiments, 
and more.
T3Ster® thermal transient test technology 
provides accurate, fast, repeatable measurement 
for semiconductor thermal characterization (e.g 
RthJ-C), failure diagnosis and manufacturing defect 
identification. Find out about Structure Functions 
(Rth-Cth profiles), TIM material testing, LED 
thermal/photometric characterization and power 
semiconductor thermal reliability testing via active 
power cycling.

Netzsch 

The Analyzing & Testing business unit of the NETZSCH 
Group develops and manufactures a complete high-
precision instrument line for thermal analysis and 
thermophysical properties measurement, as well as 
offering world class commercial testing services in 
our laboratories. Our instrumentation is employed for 
research and quality control in the polymer sector, the 
chemical industry, the areas of inorganic and building 
materials, and environmental analysis. Instruments 
for controlling – such as for in-situ cure monitoring – 
complete our product line.
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Staubli   

Stäubli is an innovative mechatronics solutions 
provider with three dedicated divisions: Textile, 
Connectors and Robotics. With a workforce of over 
4000, Stäubli has a presence in 25 countries and 
agents in 50 countries worldwide. As one of the 
leading manufacturers of quick connector systems, 
Stäubli covers connection needs for all types of fluids, 
gases and electrical power. These standard or specific 
products – including single and multiple connectors, 
tool changers and quick mold change systems – 
combine performance, quality, safety, dependability 
and durability.

Solid State Technology

Solid State Technology is part of the Semiconductor 
Manufacturing and Design Network which includes 
the SemiMD portal, www.semiMD.com.  Solid State 
Technology reaches the largest, most qualified 
community of decision makers for semiconductor and 
electronics manufacturing through the magazine, 
email newsletters, website, webcasts and The ConFab 
Conference & Networking event which will be held at 
The Hotel del Coronado in San Diego May 14th – 17th, 
2017. Topics covered include Advanced Packaging, 
MEMS, LEDs, Displays, and Materials as well as current 
trends in the industry.
Visit us at www.solid-state.com.

Schunk Carbon Technology    

Schunk Carbon Technology is a world leader in the 
development and production of carbon and graphite 
materials and components for the automotive and 
railway industries. Additionally, we provide two 
graphite-based solutions for the electronics cooling 
industry. The composite material, Aluminium 
Graphite (ALG), combines the low coefficient of 
thermal expansion and density of graphite with the 
excellent thermal properties of aluminium to create 
an ideal thermal management material for high-
reliability applications. With its ready machinability, 
we can produce customized ALG parts in various 
quantities with a range of platings. We will premier 
our innovative phase change material (PCM) which 
is a novel approach to latent heat storage units. The 
nature of the PCM is such that it is self-encapsulating 
requiring no additional casing. Its expand-to-shape 
production process allows for custom designs at an 
attractive cost with optimal thermal properties.

Shin-Etsu MicroSi   

Shin-Etsu MicroSi is the leader in Thermal Interface 
Material, we have also developed an extensive line 
of Molding Compounds, Encapsulants, Silicon and 
Epoxy coatings along with die Attachment Materials. 
The quality of our thermal interface material is among 
the most advanced in semiconductor manufacturing 
and has a wide range of use in thermal interface 
material applications. Some of which include thermal 
gels and grease, phase change materials, and high 
hardness silicone rubber pads.
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Suzhou Tianmai Thermal Technology Co.,Ltd.  

Suzhou Tianmai Technology is a high-tech enterprise 
committed itself to manufacture, sales andR&D. We 
have many products, such as, soft thermal conductive 
silicon pads,graphite etc. The company is a market-
oriented enterprise insisting on taking customers 
as the center,and providing users with high-quality 
products,efficient and customization services. As we 
known,our company has a certain professional level 
and mature technology in thermal conductive and 
diffusion field.Meanwhile,it makes a good cooperation 
with some well known foreign and domestic colleges 
and manufactuers. Moreover,on the condition of 
urgent orders,our company can supply and offer 
special service for our clients. Contact: Vallen Luo 
-Sales Manager Cell: +86 137 5130 9475
Email: vallen_luo@sz-tianmai.com
Web: www.sz-tianmai.com

Thermal Engineering Associates  

TEA is a company founded by Bernie Siegal, a 35+-
year veteran and recognized technical leader in the 
semiconductor thermal field. The company’s mission 
is to provide a central source for the products and 
services necessary for proper semiconductor thermal 
measurement and modeling and solutions to 
attendant thermal management problems. Through 
its own products and services, augmented by an 
extensive network of technical experts around the 
world, TEA can assist customers in finding solutions. 
The Tech Briefs and Hot Links pages provide useful 
information to those interested in semiconductor 
and electronics thermal issues. We welcome the 
opportunity to discuss your thermally-related 
measurement, modeling and/or management 
requirements.
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