
 

   Thirty First Annual  

SEMICONDUCTOR THERMAL 
MEASUREMENT, MODELING AND 
MANAGEMENT SYMPOSIUM 

 
PROCEEDINGS 2015 
 
San Jose, CA   USA 
March 15-19, 2015 
 

 
PERMISSION TO REPRINT OR COPY 

Copyright and Reprint Permission: Abstracting is permitted with credit to the source.  Libraries are permitted to 
photocopy beyond the limit of U.S. copyright law for private use of patrons those articles in this volume that carry a 
code at the bottom of the first page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.  For other copying, reprint or republication 
permission, write to IEEE Copyrights Manager, IEEE Operations Center, 445 Hoes Lane, Piscataway, NJ 08854.  
All rights reserved.  

Copyright ©2015 by the Institute of Electrical and Electronics Engineers, Inc, 
 

SEMI-THERM™, and the                             logo are registered trademarks of 
CS Communications, Tempe, AZ; used by permission 

 

PRINTED IN THE UNITED STATES OF AMERICA 
 

 IEEE Catalog Number CFP15SEM-USB  USB Flash Drive Edition 
 

 ISBN    978-1-4799-8600-2  
 

 ISBN (USB Drive edition) 978-1-4799-8601-9  
 

 ISSN    1065-2221 
  
The papers from past SEMI-THERM Symposia are available from the IEEE. 

Individual papers:  www.ieee.org/services/askieee  Special rates for IEEE members. 

Full printed Proceedings:  www.proceedings.com 

The papers from 1987 through 2014 are available on the IEEE’s IEL/XPLORE on-line system. 

Choose to browse by conference and enter “SEMI-THERM” to access the full Tables of 
Contents, abstracts, and PDF files. Any researcher can use full-text search across the 3 million 
papers in the XPLORE database to access the abstracts of previous SEMI-THERM papers and 
others related to your inquiry. Subscribers may download the PDFs of any SEMI-THERM 
papers. Non-subscribers may purchase single copies at a reasonable fee. To access this 
resource, please visit: 

ieeexplore.ieee.org 

NIST 
National Institute of 

Standards and Technology 

http://www.ieee.org/services/askieee
http://www.proceedings.com/
http://ieeexplore.ieee.org/


Print out these two pages 
HELP:   Using Proceedings on USB Drive 

 

We recommend using Acrobat™ Reader X or XI to view the start.pdf file, the Bookmarks (left-hand 
column navigation) and the papers included on this USB Drive.  If you install the Reader with the Search 
options, you can invoke the full-text search across all SEMI-THERM papers.  Note that some papers 
may open only in Acrobat 6 and above. 
 

If your Acrobat Reader asks if it may load the included Index, please permit this action.  This allows  
full-text searching across all the papers on the USB Drive. 
 

There are several ways to navigate through the Proceedings:   
  

Bookmarks:  If your Bookmarks do not open automatically, you may select VIEW/Navigation Panels / 
Bookmarks (or Show/Hide / Navigation Panes).  Bookmarks (at the left side of the screen) have been 
created to help you navigate the Proceedings.  You can expand any of the sessions by clicking the “+” in 
front of that session number; click “-“ to collapse that session.  Click the title of a particular paper to jump 
to the PDF of the paper itself.  Depending on your Reader’s settings, this PDF of the paper may open in 
the same window or in a new window.  You can adjust this in Acrobat’s EDIT / Preferences (see next 
page).  
 

In the Table of Contents:  Once you are viewing the Table of Contents, you may use Acrobat’s FIND 
capabilities (CNTL-F) to search for author names, technical terms, companies/universities, and other 
useful information in the Table of Contents.  Or select Advanced Search (CNTL-SHIFT-F) to do a full-
text search across all the papers in this Proceedings.   
 

Toolbar Navigation: To navigate through the documents, you may also use page buttons in the toolbar at 
the top of the screen.   

•  Click the Go Back button to return to your previous location  
•  Click the Next Page button to go to the next page of the document  
•  Click the Previous Page button to go to the previous page of the document  
•  Click the First Page button to return to the first page of the document  
•  Click the Last Page button to go to the last page of the document   

If you do not see these buttons, right-click on a clear spot in the Toolbar area to get a listing of optional 
Toolbars, and select one or more (such as Page Navigation). 
 

Page Numbers:  Although page numbers have little meaning on a USB Drive, you will need them in 
order to properly reference SEMI-THERM papers in the references in your own works.  You can find the 
page number assigned to the first page of each paper in three places: 

•  In the Bookmark title of the paper (hover your mouse over the title) 
•  In the Table of Contents (the right-hand column) 
•  At the foot of the first page of each paper 

 

See the online Help, and the next page, for more information about using the Adobe™ Acrobat™ 
Reader to navigate this USB-Drive. 
 
For replacement of a defective USB Drive, please contact the conference:  drael@semi-therm.org  
 
 

GUIDE TO USING ACROBAT 10 at a conference  ===>> 



Print out these two pages 

GUIDE TO USING ACROBAT X at a Conference 
My setup preferences 
These guidelines are written for Acrobat Reader X® (Reader 10).  
Instructions may be slightly different for earlier versions. 
 

1. With your Proceedings open in Acrobat Reader X, right-click on 
the first Bookmark 

2. Un-select “Wrap Long Bookmarks”, as shown ar right. 
3. Adjust the Bookmarks window to a width that is best for you. 

 
To see the papers within a session of interest, click the “+” in front of the 
session name, as shown.  To collapse this session, click the “-“. 
 
To more easily navigate to a particular paper, and then back to the Bookmarks 
page, add four Navigation buttons to your Tool Bar: 
1. Right-click in an open area of the Tool Bar, then 

select Page Navigation 
2. Select these four buttons: First Page; Last Page; 

Previous View; Next View. 
3. Your Tool Bar will now look like this: 

 
 
 
 

 
 
 
Full-Text Search of All Papers 
With the Index enabled (previous page), select CNTL-SHIFT-F for the Advanced Search.  Enter your term.  You 
receive a listing of all the papers on the USB Drive in which your term appears. Hold your mouse over an entry to 
view which Session/Paper includes the term.  Click on any of them to view your term as it appears in that paper 
(may be highlighted at more than one place in the paper’s text). 
 

Annotating your copy of the speaker’s paper during the sessions 
 

If you move all the files from the USB Drive to a directory 
on your SSD/Hard Drive, then you can make comments 
and highlight text and re-save the speaker’s paper.  This 
lets you recall later the points made, the issues you might 
have, and the opportunities this opens within your own 
research and development work. 
1. Click on COMMENT, in the Task Bar. 
2. Or, click the StickyNote or Highlight icons. 
3. Click in the paper, to add the Note at that spot. 
4. Type your note or comment, then close the Note. 
5. Or, highlight a portion of the paper’s text in yellow. 
6. SAVE or SAVE-AS the file, to retain the notes. 
7. Back at your office, you can search for Notes and Highlights. 
 

A setting I prefer (may already be the default in your Acrobat Reader X): 
 

Edit / Preferences / Documents: select “Open Cross-Document Links in Same Window”, for easiest use 
at a conference. 
 

Bring a small USB travel mouse; it’s faster than touchpad or eraser navigation. 
 

I trust this makes your time at the conference more productive!      Paul Wesling    2/2014 

For navigating 
within the paper 

To return to 
previous document, 

or to Bookmarks 



www.semi-therm.org

March 15-19, 2015
San Jose, CA

SEMI-THERM 31 SELECTION AND REVIEW COMMITTEE

SEMI-THERM Symposium Personnel

Daniel Abishai  Intel
Nishi Ahuja   Intel
Sai Ankireddi  Soraa Inc.
Attila Aranyosi Juniper Networks
Cath Biber  Intel 
Patrick Bournes Grabit Inc
Mihai Burzo   University of Michigan
Zeki Celik  LSI Corporation
Ming-Cheng Cheng Clarkson University
Yongguo Chen Cisco Systems
Herman Chu  Pi-Coral 
Eric Dede  Toyota
Valerie Eveloy  The Petroleum Institute
Pablo Hildigo  Georgia Tech 
Hussam Kabbani nVidia
Clemens Lasance SomelikeitCool
Wendy Luiten  Philips Research
Bonnie Mack  Magma

Atila Mertol   LSI Corporation
Genevieve Martin Philips
Wataru Nakayama  ThermTech International
Susheela Narasimhan Juniper Networks
Nader Nikfar  Qualcomm
Jim Petroski  Design by Analysis
John Parry  Mentor Graphics
Andras Poppe  Mentor Graphics MAD MicReD
Adriana Rangel Cisco
Marta Rencz  Mentor Graphics, BME
Mauricio Salinas Raytheon
Dave Saums  DS&A LLC
Dirk Schweitzer In�neon
Ross Wilcoxon  Rockwell Collins
Lei Shao  University of Michigan
Heinz Pape  In�neon
Guy Wagner  Electronics Cooling Solutions
Kazuaki Yazawa Purdue University 
Winston Zhang Novark

Marketing Assistant:
Christina Daly cdaly@thermengr.net
Webmaster:  Cody Zimmer cody.zimmer@gmail.com
Graphic Design: William Schuch bill@billschuch.net
Proceedings IEEE Region 6:
Paul Wesling p.wesling@ieee.org
P: +1 408 320-1105 

General Chair:
Peter Rodgers, The Petroleum Institute, UAE
 prodgers@pi.ac.ae
Program Chair:
Rahima Mohammed, Intel Corporation
 rahima.k.mohammed@intel.com
Vice Program Chair:
Veerendra Mulay  vmulay@fb.com
 
International Liaisons:
European Liaisons
Clemens Lasance, Thermal Management Consultant
 lasance@onsnet.nu
John Parry, Mentor Graphics  john_parry@mentor.com

Asia Liaisons
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 31 Advisory Board
Bernie Siegal SEMI-THERM Educational Foundation Chair
  bsiegal@thermengr.net
George Meyer, Advisory Board Chair   gmeyer@celsiainc.com
Jim Wilson, Finance Chair jsw@raytheon.com
Bill Maltz,  Membership Chair wmaltz@ecooling.com
Tom Tarter, Technical Committee Chair
  ttarter@pkgscience.com
Bruce Guenin  bruce.guenin@sun.com
Clemens Lasance  lasance@onsnet.nu
John Parry  john_parry@mentor.com
Dave Saums  dsaums@dsa-thermal.com
Ross Wilcoxon  rkwilcox@rockwellcollins.com
Peter Raad  praad@smu.edu
Dereje Agonafer  agonafer@uta.edu
Attila Aranyosi  aaranyosi@juniper.net
Sai Ankireddi  sai.ankireddi@alumni.purdue.edu
Herman Chu  hchu@pi-coral.com
 
 
 

SEMI-THERM Exhibits Manager/ Marketing Manager
Denise Rael drael@semi-therm.org
P: +1 408 840-2354 F: +1 408 841-7597

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



www.semi-therm.org 1

March 15-19, 2015
San Jose, CA

THERMI Award Winner 2015

Each year, SEMI-THERM honors a person as a Signi�cant Contributor to the �eld of thermal man-agement. The THERMI 
award is intended to recognize a recipient’s history of contributions to cru-cial thermal issues e�ecting the perfor-
mance of electronic devices and systems. The voting body of past THERMI winners and current General Chair Peter 

Rodgers are pleased to present the 2015 THERMI award to:

Christian Belady
General Manager, Data Center Services
Microsoft Global Foundation Services

Christian Belady is the general manager of Data Center Services for Microsoft’s Global Foundation Services (GFS) group. 
He is responsible for driving the strategy and delivery of server and facility development worldwide, including research, 
engineering, construction, and operations for Microsoft’s data center portfolio. These data centers provide the founda-
tional cloud infrastructure for over 200 Microsoft online and cloud services for consumers and businesses worldwide.
Prior to joining Microsoft, Christian was a Distinguished Technologist for HP where he was re-sponsible for driving the 

technology direction of HP's server products and their environments, as well as industry data center initiatives.
In 2010, SearchData named Christian as one of “5 People who changed the data center” industry and helped drive inno-
vative thinking and quantitative benchmarking in the field. With over 100 US patents and many international patents, 

Christian is an ASME and IMAPS Fellow and a founding member of ASHRAE's TC9.9, which is responsible for developing 
data center guidelines.

Christian holds engineering degrees from Cornell University (BS) and Rensselaer Polytechnic In-stitute (MS) and a busi-
ness degree from the University of Texas at Dallas (MA) where he was honored with the 2010 Distinguished

Alumni Award.



The Harvey Rosten Award for Excellence, 2014 
 

Harvey Rosten Award winners are Jesse Galloway, Cameron Nelson and Phillip Fosnot 
 
 

 
From left to right; Jesse Galloway, Cameron Nelson and Phillip Fosnot 

 
Cameron Nelson received a Bachelor of Science in Mechanical Engineer from Arizona State 
University. He joined Amkor Technology in 2010 and now leads thermal simulation 
characterization as a Senior Thermal Engineer. Phillip Fosnot also received a Bachelor of 
Science in Mechanical Engineering from Arizona State University. He joined Amkor in 2012 
and now supports simulation and experimental testing of electronic packages. Jesse Galloway 
has over 25 years in the electronic packaging industry.  He manages the Thermal and Mechanical 
Characterization team at Amkor Technology in Tempe, Arizona. 
 

Their paper from SEMI-THERM 2014, Extracting TIM Properties with Localized 
Transient Pulses, is included with this Proceedings, for your awareness. 
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SEMI-THERM TECHNICAL SHORT COURSES

Short Course 1: Crash Course on Packaging Technologies and Thermal Design of ICs

 Li Li, PhD, Distinguished Engineer, Cisco Systems 
Herman Chu, Principal Engineer, Cisco Systems

The course covers:
• Overview of various types of IC packages and their targeted application(s), advantages and limitations.

• Describe the construction, materials and assembly processes associated with IC packages.
• Understand the influence of various package design parameters on the thermal, electrical and thermo-mechanical 

reliability performance of the package.
• Discussion of typical failure modes associated with IC packages and identify the common stress drivers.

• Future IC packaging trends.

Highly informative short courses were offered Sunday March 15 - Monday March 16, 2014. These outstanding 
technical courses are focused on the thermal sciences and are presented by leaders in the thermal field.

 

Kanchan M. Kelkar, Ph.D., Innovative Research, Inc. 
Sukhvinder Kang, Ph.D., Aavid Thermalloy

As the complexity and power density of electronics systems increase, there is an ever-increasing demand for methods 
and tools to improve the quality of the product and the productivity of the designers. The Flow Network Modeling 

(FNM) technique achieves this by focusing on the analysis of the interaction among the cooling components to deter-
mine system-level performance in a rapid and accurate manner. The short course will discuss the details of the FNM 

technique and illustrate its use in the thermal design process of air- and liquid-cooling systems.
The specific topics to be covered in the course are as follows:

• Overview of the FNM technique • Overall design process and role of Flow Network Modeling
• Complementary use with CFD • Theoretical Basis of FNM

• Construction of the flow network of a cooling system
• Overall flow and thermal characteristics of cooling components using loss factors from handbooks and measured data

• Characteristics of commonly encountered components such as ducts/tubes, orifices, screens, heat sinks and cold 
plates, heat exchangers, fans and pumps

• Overall solution method for network analysis and results obtained
• Practical Use of Flow Network Modeling

• Use of hand calculations for analysis of an air cooling system
• Use of spreadsheets for analysis of air and liquid-cooling systems

• Generalized flow network analysis of practical systems using the commercial software MacroFlow

Short Course 2: Use of Flow Network Modeling ( FNM) for Improving Productivity of Design of Electronic Cooling Systems
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Keynote Address

Flexible Data Center Design

Building a global network of e�cient, large-scale data centers requires �exible designs to accommodate local
conditions and constraints, while accommodating rapidly changing IT hardware and software requirements.

This presentation will discuss some of the approaches we’ve taken and how Google continues to improve
data center e�ciency.

Christopher G. Malone, PhD
Principal Engineer, Google, Inc.

 
Chris leads Google's Data Center Research and Development team, which is responsible for developing Google's 
next-generation data centers and IT hardware with a focus on e�ciency, sustainability, and �exibility.  Chris has 

authored numerous refereed technical papers, and has been granted over 100 US and international patents. 
He is involved with several industry groups and government agency initiatives focused on improving IT e�ciency.  

Prior to joining Google, Chris was a senior technologist at Hewlett-Packard responsible for enterprise server
thermal technology strategy.

 
Chris received his MS and PhD in Mechanical Engineering from the Massachusetts Institute of Technology.



This embedded tutorial will present an overview of the thermal challenges of 2.5D (interposer) and 

3D integration. The tutorial compares the thermal performance and thermal die-to-die coupling of 

single chip, 3D and 2.5D package configurations. The thermal impact of the inter die thermal re-

sistance as well as the design and technological options of how to reduce this resistance will be 

discussed. The tutorial describes thermal test vehicles for uniform, hot spot and programmable 

power dissipation to emulate target applications. A short overview of modeling techniques and ex-

perimental validation approaches is included. Finally, the experimental and modeling analysis will 

be shown for the case study of a packaged memory-on-logic stack, which is one of the most likely 

applications of 3D integration. 

About the Speaker 

Dr. Herman Oprins is a senior research engineer at IMEC in Leuven, Belgium, where he is 

involved in the thermal experimental characterization, thermal modeling and thermal manage-

ment of 3D system integration, electronic chip packages, GaN power transistors, photovoltaic 

modules and microfluidics. Dr. Oprins began his career at IMEC working on the development and 

modeling of an electrowetting assisted cooling technique. In that period he also worked on model-

ing and experimental projects in the field of thermal management of electronic packages. Oprins 

has authored and co-authored over 60 journal and conference papers and holds 2 patents. He 

hold M.Sc. and Ph.D. degrees in Mechanical Engineering from the K.U. Leuven, Belgium. 

ST31 Embedded Tutorial  

Thermal Challenges of 2.5D and 3D Integration  

Dr. Herman Oprins,  IMEC 

 



Luncheon Talk: “Application and Characterization of Soft Tissue Ablation  
by Radio Frequency” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Luncheon Abstract: “Radiofrequency (RF) ablation of soft tissue in biomedical application, to wit, atrial 
fibrillation has been well established. The ablation process thermally destroys tiny areas in the heart that are 
firing off abnormal electrical impulses causing atrial fibrillation. However use of RF ablation for renal artery 
denervation is a very recent technique and has revolutionized the treatment of refractory, drug-resistant 
hypertension. The renal denervation technique has also shown early promise in end stage renal disease (ESRD), 
and congestive heart failure (CHF) patients.  
 
Design space involves key variables such as electrode shape and dimension, procedural contact impedance, 
apposition, residence time, and need for coolant circulation to minimize collateral tissue damage. All of these 
variables can be influenced by real-time detection of the thermal front progressing into the tissue. Hence real-
time tissue damage sensing either through a parametric, predictive algorithm or by biochemical marker 
detection is of paramount importance. Few options will be discussed as an introduction to this topic.”  
 

  
Bio: SYED FAIYAZ AHMED HOSSAINY 

  
Syed Hossainy, PhD is a senior research fellow at Abbott Vascular. Syed has recently been the head of Abbott 
Vascular’s innovation incubator group (operating budget ~ $4.5 MM /yr) with a Vision of “Targeted innovation 
optimizing short-term and long-term business growth options”.  
The group has delivered 10 successful proof-of-feasibility projects completed and readied for advanced 
development between 2007-2013. Five of these became late-stage development projects. Successful 
development projects include Bioabsorbable Vascular Scaffold for peripheral vasculature, currently being 
tested clinically. Formulated and led technical strategy to advance Drug-eluting stent (DES) and Bioabsorbable 
Vascular Scaffold (BVS) clinical performance attributes. Syed’s technical contributions include:  

o Local Drug delivery:  Developed controlled release technology for combination drug-device 
application, specifically drug eluting stent (DES) and Bioabsorbable implant technology;  

o Mathematical model: Developed predictive computational tools for DES application and local 
Pharmacokinetics; and BVS structure property and mechanical coupling with vessel 

o IP strategy: Created IP strategy for the entire business unit by partnering with legal.  
o Patent awards: Over 280 issued patents, Over 380 patents pending (listed in USPTO) in the area of 

cardiovascular implants, drug delivery, and Biomaterials application.  
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