SMTA International
Conference 2010

Orlando, Florida, USA
24-28 October 2010

Volume 1 of 2

ISBN: 978-1-61782-002-1



Printed from e-media with permission by:

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

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2010) by Surface Mount Technology Association (SMTA)
All rights reserved.

Printed by Curran Associates, Inc. (2010)

For permission requests, please contact Surface Mount Technology Association (SMTA)
at the address below.

Surface Mount Technology Association (SMTA)
5200 Wilson Road

Suite 215

Edina, MN 55424

Phone: (952) 920-4682
Fax: (952) 926-1819

www.smta.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

VOLUME 1

ET1: MEMS AND IMAGE SENSOR ASSEMBLY PROCESSING AND RELIABILITY

Chair: Steve Greathouse, Co-Chair: Lars Boettcher

The Encapsulation of MEMS/Sensors on Package Level and Wafer Level With Film Assisted Molding

JLIEETe g0 (o]0 YOO SO OO STV PRTTPURUR 1
Ton van Weelden, Lingen Wang
Reliability Testing of Linear 1Mage SENSOK DEBVICES........cuciiiiiiieierieieeieieeie ettt ettt beseebe e et sesaesbesaesbeseenearesnea 7

Awni Qasaimeh, Mridula Gosavi, Susan Lu, Bahgat Sammakia, Mike Joyner, Mike Sullivan, Jeff Zarnowski
Biocompatible Polymer Composite Material for Highly Sensitive Point of Care BioMEMS

AV o o Toro TN A (A T T= g TSl R 17
Arvind Sai Sarathi Vasan, Ravi Doraiswami, Michael Pecht

ET2: ADVANCED PACKAGES AND PROCESSES

Chair: Andrew Perkins, Co-Chair: Brian Roggeman

A Cost Effective Process for Edge Protection of Wafers and Fabrication of Through-Silicon Vias

USING WEL ELCNING OF STHICON ...ttt bbbttt bbbt b e bbbt b e b e st b e 27
Ramachandran K. Trichur, Gary J. Brand, Curtis Planje, Xie Shao
Challenges of Packaging Cd-ZN-Te (CZT) DELECTOIS ......c..ciieiiieeieieeieieeie sttt te ettt st se e e saestesbe e e e esessesnessesaeas 33

Charles G. Woychik, Brian D. Yanoff, James E. Simpson, Jay Cao, lan M. Spinelli, Vincent S. Smetkowski, James
Adriance, Lawrence Harvilchuck, Brian Roggeman, George Westby

Overcoming Complex Manufacturing Issues With RF MMIC Products: A Case Study ........ccccoovevveiiiieieseneiienieeanens 40
Steve Greathouse, Jennifer Davisson, Gary Catlin, Jared Stockett, Teri Whipple, Richard Garcia, Steve
Abrahamson, Jim Spinuzzi

Development of a Packaging System for Clinical Evaluation of a Nanocomposite-Based Neural

Electrode Array Fabricated from a Chemoresponsive POlymer SUDSEFALE ...........ccoviivieiiiinicrceec e 47
Andrew Barnes, Allison Hess, Christian Zorman, Mondhita Diewvilai

ET KEYNOTE LUNCH

Chair: Reza Ghaffarian

Reading the Fine Print: Challenges and Outlook for Printed EIECtroniCS.........ccoeiveiiiiiiiie e 56
Charles E. Bauer, Herbert J. Neuhaus

ET3: PRINTED ELECTRONICS: SOLAR, LIGHTING, BATTERIES, ETC.
Chair: Alexander Zeitler, Co-Chair: Jeff Kennedy

Organic and Printed Electronics - A View From the Traditional Marketplace............c.ccooviiiniiiininiieeeee 61
David Baron, Frank Bruening, Robin Taylor

Printed Electronics for Flexible Solid State Lighting .........c.ccooeiiiiiiieiie e 71
Marc Chason

Applications Methods and Material Sets for Printed EIECTIrONICS .........coveiiiiiiiieicesc e 77

Daniel Fenner

HE1l: PB-FREE TECHNOLOGY INSERTION
Chair: John Evans, Co-Chair: Heather McCormick

The Pb-Free in Electronics Risk Mitigation (PERM) CONSOFTIUM..........cooiiiiiiiiiiiee s 84
Anthony J. Rafanelli
Overview of New DoD Reliability Revitalization INIIAIVES ...........cooiiiiiiii e 92

James G. McLeish



HE2: COMPONENT PACKAGING CHALLENGES IN HARSH ENVIRONMENTS
Chair: Salvatore Rampaul-Pino, Co-Chair: Larry Wang

High Temperature Electronics Packaging Technology for Signal Conditioning and Processing

(O3] (oI U TP TSSO U PRSPPSO 99
S.T. Riches, C. Johnston, M. Sousa, P. Grant, D. Shepherd

Resistance of Common PWB Surface Finishes Against Corrosion in Harsh ENVironments...........c.cooonnnnnnnenn. 105
Mustafa Ozkok, Mario Gensicke, Guenter Heinz, Hugh Roberts, Joe McGurran

Harsh Environment Impact on ResiStor REHADIIITY ..........ccooiiiiiiiiiee e 114

Marie Cole, Lenas Hedlund, George Hutt, Tibor Kiraly, Levente Klein, Steve Nickel, Prabjit Singh, Tim Tofil

HE3: ORGANIC MATERIALS ADAPTED FOR HARSH ENVIRONMENTS

Chair: Larry Wang, Co-Chair: Salvatore Rampaul-Pino

Harsh Environments and Volatiles in Sealed ENCIOSUIES...........ccciiiiiiiieiiiiee et 123
Robert K. Lowry, Richard C. Kullberg, Daniel J. Rossiter
An Evaluation of Sealants Used in Photovoltaic (PV) Module ManufaCture ............ccccoeiiiiiniiiiniic e 130

Jashir Bath, Mike Moreau, Martin Gershenson, Cathy He, Yinbai Li, Miaosheng Zheng

HE4: INTERCONNECTION RELIABILITY
Chair: Heather McCormick, Co-Chair: John Evans

Ball Grid Array Component Failure Analysis for High Reliability Electronic Systems...........cccccooieiereneieieieneee. 134
J. Scott Nelson
High Reliability BONGA PAUS...........ccoiiiiiiieieist ettt ettt st et et e e s e beebesbesbesse s eseenennes 142

Terence Collier, Bal Benavidez, Indira Gubeljic
Interrogation of Damage-State in Lead-Free Electronics Under Sequential Exposure to Thermal

AQING aNd ThermMal CYCIING.....c.oiii bbbt b b st b e et e bt e b bbb e e e e ebeane 148
Pradeep Lall, Rahul Vaidya, Vikrant More, Kai Goebel

LF1: NASA-DOD LEAD-FREE ELECTRONICS PROJECT: OVERVIEW AS WELL AS
DROP TEST AND MECHANICAL SHOCK TEST DATA

Chair: Paul Vianco, Co-Chair: Thomas Woodrow

NASA-D0oD Lead-Free EIeCtroniCS ProjeCt: OVEIVIBW .........ccciiiiiiieiiieiesie ettt sbe bbb e 162
Kurt Kessel

Drop Test Assessment of a Medium Complexity Assembly for High Reliability Applications ............ccccooeieinencne. 169
P. Snugovsky, J. Bragg, Z. Bagheri, M. Romansky, A. Ganster, W. Russell, J. P. Tucker, C. A. Handwerker, D. D.
Fritz

NASA/DoD Lead-Free Electronics Project: Mechanical SNOCK TSt ..........cooiiiiiiiiiiiiieeeeeee e 185

Thomas A. Woodrow

LF2: NASA DOD L EAD-FREE REPORT AND UPDATE (PART 2)
Chair: Matt Kelly, Co-Chair: Paul Vianco

NASA-DoD Combined Environments TeStiNG RESUILS ...........ooiiiiiiiiiiiit e 210
Cynthia Garcia

NASA-DoD Lead-Free Electronics Project: VIibration TeSt........ccooieiieiiiiii et 223
Thomas A. Woodrow

NASA DoD -55°C t0 +125°C Thermal CYcle TESt RESUILS............c..cvviveeeereeeeeeeese s eeeeseesses e sseesseseeesseee s ssees s sseseseeens 255

Dave Hillman, Tim Pearson, Ross Wilcoxon

LF3: THE IMPACT OF LEAD-FREE MATERIALS AND SOLDERING PROCESSES
ON PRINTED WIRING ASSEMBLIES

Chair: Dave Hillman, Co-Chair: Gus Rinella

Lead-Free HASL.: Balancing Benefits and Risks for High Complexity High Reliability Server and
STOFAQE HAIMTIWAN ...ttt b bt et h e bbbt e e b e e h e e b e e bt e bt e b e b e b en b e st e bt ekt et e ebe b e eb e bt et e 262
Matthew Kelly, Jeffrey Taylor, Brett Krull, Marie Cole, Tom Truman



Mechanical Failures in Pb-Free Processing: Selected Mitigation Techniques for Pad Crater Defects....................... 273
Brian Gray, John McMahon
High Complexity Lead-Free Wave and Rework: The Effects of Material, Process and Board Design

ON BAITEI Fll ...t b bbb bbbt b et b e e bbb bbbt et nr s 278
Craig Hamilton, John McMahon, Jose Traya, Wang Yong Kang, Khoo Kok Wei, Matthew Kelly, Marie Cole

LF4: LEAD-FREE SOLDER JOINT RELIABILITY: IMPACT OF ALLOY

COMPOSITION, DESIGN AND LOAD PARAMETERS
Chair: Jean-Paul Clech, Co-Chair: Kola Akinade

Solder Joint Reliability of Pb-Free Tin-Silver-Copper Ceramic Ball Grid Array (CBGA) Packages as

a Function of Cooling Rate and SIlVEr CONTENT ..ot 291
Richard Coyle, Peter Read, Debra Fleming, Richard Popowich, Robert Kinyanjui, Jonathon Shirey, Mulugeta
Abtew, lulia Muntele, John Manock

New Developments in High-Temperature, High-Performance Lead-Free Solder AllOyS..........ccccoovvviiiineicinenne, 302
Anton-Zoran Miric
Combinatorial Effects of Electromigration and Low Cycle FatiQUe ...........coceieriiieiiiiii e 308

Christopher Hunt, Davide Di Maio, Charles Murdock, Owen Thomas

EMS1: OUTSOURCING STRATEGIES: NICHE REQUIREMENTS AND EMS

BEST PRACTICES
Chair: Mike Buetow, Co-Chair: Sue Mucha

ODM or EMS: Which Choice iS BeSt fOr YOUF PrOJECT? .......coiiiiiiiiiiieiesee et 313
Jim Chen

How Efficient 1S Your High MiX EMS SUPPIIEE .....cc.oiuiiie ettt 316
Dave Cesar, Roy Starks

OutsoUrcing LED PCB ManUFACTUIE......c..ciiiiiieie ettt sttt ettt b et e neene e 321

Scott Mauldin

EMS2: EMS SEGMENT FOCUS: AEROSPACE/DEFENSE
Chair: Sue Mucha, Co-Chair: Mike Buetow

Understanding Differences Between Defense OEM/CEM and Traditional CEM Business Models..............cccovevenee. 324
Allan B. Day

ITAR Compliance — Challenges and Benefits in an Outsourced Relationship ..o 328
Joe O’Neil

Practical Issues and Solutions for Handling Plastic Encapsulated Microcircuits (PEMS) ..........cccoooiiiiineininiencen. 330
Rick lodice

AAT1: PACKAGE ON PACKAGE ASSEMBLY OPTIMIZATION
Chair: Randy Schueller, Co-Chair: Andrew Mawer

An Investigation into the Development of Lead-Free Solder Paste for Package on Package (PoP)

Component Manufacturing APPHCALIONS .........coiiiiiiieiie ettt sb e bbb e e eseebeebe e e 333
Jasbir Bath, Manabu Itoh, Gordon Clark, Masatoshi Fuji, Hajime Takahashi, Roberto Garcia
Selection of Dip Transfer Fluxes and Solder Pastes for POP ASSEMDIY.........cccoiiiiiiiiiiii e 338

Yan Liu, Pamela Fiacco, Derrick Herron, Ning-Cheng Lee

Surface Mount Performance of 0.4mm-Pitch Solder Joints With Focus on Stacking Materials and

Processes for Package-on-Package APPIICALIONS. .........co.iiiiiiieie et b et e e s sre e nnan 341
Jason Brand, Myung Jin Yim, Nanette Quevedo, Maria Ospina, Ravikumar Adimula, Cenon Dayawon

Analysis of the Influence of Reflow Profile Parameters on Package on Package (PoP) Component

Y1001 o] 2SSOSR UPSRPTON 347
Rangaraj Dhanasekaran, Harish Gadepalli, S. Manian Ramkumar



AAT2: MECHANICAL AND ELECTRICAL CHARACTERIZATION OF PACKAGE ON PACKAGE

SYSTEMS
Chair: Sheldon Schwandt, Co-Chair: Heather McCormick

Temperature Cycling of Pb-Free and Mixed Solder Interconnections Used on a Package-on-Package

LI A= A1) LSRR 354
P. T. Vianco, J. M. Grazier, J. A. Rejent, A. C. Kilgo, F. Verdi, C. Meola
Characterization of Thermal-Electrical and Mechanical Behaviour 0f POP ..o 367

K. Weide-Zaage, L. Meinshausen, H. Frémont

Thermal Cycling Reliability of Package on Packages Assembled by One-Pass and Two-Pass

TRCRNINIGUES. ...t e bbbt bbb e e h £ ek £ e h e e h €A H e b e e R b e b £ e H £ e b e A bt e b e nb et e s e e bt e b e e b e e be b et e heeneebe b 376
Nicholas Williard, Preeti Chauhan, Vikram Srinivas, Michael Osterman, Michael Pecht, Robert Farrell

AAT3: ASSEMBLY CHALLENGES WITH BGA/LGA

Chair: Andrew Mawer, Co-Chair: Ken Gilleo

Land and Solder Grid Array SMT AsSemMbly ChalleNges .........cooiiiiiiiieee e 384
Dudi Amir

Head-in-Pillow: Alarm Still Ringing? A Continuation Study on Known Chemical and Mechanical

FACTOrS IN BGA NON-WWEL ...ttt bbbt b e b bbbt b ettt b et et n et nn b 392

Masato Shimamura, Tomoko Nonaka, Tetsuya Okuno, Satoru Akita, Derek Daily

A Reliability Comparison of SAC305 and SAC105 Plastic Ball Grid Arrays Assembled with
Backward Compatible SOIAEIING PrOCESSES.........ciiiiiiiieiieiiitire sttt b ettt e et b e eb ettt ebe b b nees 400
Richard Coyle, Peter Read, Richard Popowich, Debra Fleming, Heather McCormick, John Osenbach

AAT4:. ASSEMBLY OF BOTTOM TERMINATION COMPONENTS
Chair: Lee Smith, Co-Chair: Hugh Roberts

Quad Flat No Lead (QFN) Package Processing in High Thermal Mass ASSeMDBIY .........ccccoiiiiiiiiiineneceee 408
Jinda Songninluck, Theeraphong Kanjanupathum, Teng Hoon Ng

NiPdAu Plating Qualification 0f RF-1C PACKAGES .......cc.eiueiiiieie ittt sttt sbe e 415
Mumtaz Y. Bora

Room Temperature LED and D-Pack Type Component-Attach and Reliability Testing..........ccccccoevvvivieneriiiensnnn, 422

T. Acchione, M. Scalzo

AATS: EFFECT OF PCB SURFACE FINISH ON LEAD-FREE SOLDER

JOINT RELIABILITY
Chair: Pradeep Lall, Co-Chair: Denis Jean

Process Development and Reliability Study With Anistropic Conductive Film Bonding with Multiple

TYPeS Of PCB SUITACE FINISNES ..ot bbb ettt b et b e e b ane 426
Jenson Lee, David Geiger, Dongkai Shangguan

Effect of PCB Surface Finishes on Lead-Free Solder Joint Reliability ..........ccccoooooiiiiiiiiiiii e 433
Xu Zheng, Hongfeng Ran, Lei Wang, Hao Kou, Yexiang Ning, Bei Wang, Zuyao Liu

Effect of Multiple Reflow Cycles on Solder Joint Formation and Reliability.........cccccooiiiiniiiiiiie e, 444

Ranjit Pandher, Ashok Pachamuthu

AAT6: BGA RELIABILITY ISSUES AND EVALUATION TECHNIQUES
Chair: Marie Cole, Co-Chair: Scott Buttars

Residual-Life Estimation of Lead-Free Electronics in Shock and Vibration Using Kalman Filter

IVIOTBIS. ...t E bR bR 450
Pradeep Lall, Ryan Lowe, Kai Goebel

The Influence of Solder Void Location on BGA Thermal Fatigue Life ... 464
Richard Coyle, Peter Read, Richard Popowich, Heather McCormick, John Osenbach

Evaluation of Thermal Interface Material Performance in a Cyclic Strain Environment............ccccooooiiivnciniennns 473

Joe Doman, Eddie Kobeda, Jim Bielick, Joe Kuczynski, Tim Tofil, Mike Vaughn



AATT7: INTERCONNECTION RELIABILITY UNDER DROP/SHOCK

AND VIBRATION LOADING
Chair: Richard Coyle, Co-Chair: Brian Roggeman

Evaluation of Defects in Lead-Free BGA Solder Joints Under Random Vibration Stress..........cocceevveeeeeveecveevnneeene. 482
Anurag Bansal, Kuo-Chuan Liu, Jie Xue
Next Generation Board Level Underfill (BLUF) for Fine Pitch BGA and POP..........cccccoiiiiciiiinceec e 489

Siang Miang Yeo, Cheng Siew Tay, Ching Ching Chong, Jin Siang Beh

VOLUME 2

Survivability Assessment of Advanced Interconnects and Lead-Free Electronics Subjected to Shock
and Vibration With XFEM and CZIM ..........ccoiiiiiiiie ettt bbbt en s 495
Pradeep Lall, Mandar Kulkarni, Arjun Angral

DCA1: NEW APPROACH TO SOLDER BUMPING AND OPTIMIZATION

OF SI-ON-SI ASSEMBLY
Chair: Charles Woychik, Co-Chair: Anurag Bansal

Polyimide-Over-UBM Process: The Challenges and Solutions on Plating Bump Process ..........c.cccoevevvenerieiensnnn, 511
Roden Topacio

Pb-Free Reflow Profile Process Study for High Yield, High Reliability Flip Chip on Silicon Substrate

YN 00] o] YOS USRI 519
Zhaozhi Li, John L. Evans, Sangil Lee, Daniel F. Baldwin, Brian J. Lewis, Paul N. Houston, Gene Stout, Ted
Tessier

DCA2: NEW APPLICATIONS AND PROCESSES
Chair: Don Banks, Co-Chair: Lars Boettcher

Packaging High Density Capacitive Micro-Machined Ultrasonic Transducers (cMUT) Sensor Arrays

Using HyperBGA® TeChnOology — Part Tl .........coo it 527
Robert Wodnicki, Charles G. Woychik, Kai Thomenius, Glen Thomas, Irv Memis, Ulises Penaherrera, Barry
Bonitz, Todd Davies

Next Generation System in a Package ManufaCturing ..........coocoiiiiiiiiii e 534
Lars Boettcher, Andreas Ostmann, Dionysios Manessis, Stefan Karaszkiewicz, Herbert Reichl
Thermal Warpage of Flip-Chip Plastic Ball Grid Array Component: Experiment and Modeling ............cccccceevevni. 541

A. Shirazi, H. Lu, A. Varvani-Farahani

SMT1: ADVANCES IN STENCIL TECHNOLOGIES FOR FINE/ULTRAFINE
PITCH PRINTING

Chair: Joseph Belmonte, Co-Chair: Denis Barbini

Stencil Enabling Processes for SMall Area RATIO’S .......c.ouiiiiiiiieie et 550
William E. Coleman

StencCil Performance COMPATISON. .. ... .o ittt ettt sttt teete s beseesbe e eaeeseebeebeseeebesseneeseeneabeabesbesnenseseaneeneans 563
Richard Lieske

Stencil Technologies for Small APerture PrINTING .........ccoooiiiiiiiieiiese sttt sae 564
Kevin Liticker

Characteristics and Potentials of Nano-Coated Stencils for Stencil Printing Optimization...........c..ccocoeeveiieivinenan, 570

Michael Rosch, Jorg Franke, Carmina Lantzsch, Georg Kleemann

SMT2: CLEANING FOR TODAY’S CHALLENGING DESIGNS
Chair: Linda Woody, Co-Chair: Laura Turbini

Benchmark Study: pH-Neutral vs. Alkaline Cleaning AgQENTS ........ccoiiiiiiiieie e 577
Harald Wack, Umut Tosun, John Neidermann, John Radmann



Issues and Concerns in Cleaning Under Low Profile COMPONENTS .......ccoiiiiiiiieieeesese e 587
Rich Brooks, Mike Bixenman

Big Cleaning Job vs. Small Cleaners: The Advantages and Pitfalls of Going Small............cccooeoniiniiiiiicinies 595
Eric Camden
Clean ""No-Clean™ or Use a Water Wash SOIder PaSte? ... 599

Gerjan Diepstraten, Tim Lawrence

SMT3: CLEANLINESS MEASUREMENT AND MONITORING ISSUES

Chair: Dale Lee, Co-Chair: Mumtaz Bora

[ (01T A O 1= T g T T O [ 1 o PSSR 605
Graham Naisbitt

lonic Contamination Extraction Effectiveness and Correlation of Analysis Methods.............ccccooiiiiiiniiciice 609
Pravin Sequeira, Kantesh Doss, Arnold Hogrefe, Minh Nguyen

Validation of a New "R.O.S.E." Cleanlingss Test MEthOd ...........cccocvoiiiiiiiiiiiece e et 614

Curtis Hart, Steve Stach, Mike Bixenman

SMT4: CONQUERING BROADBAND STENCIL PRINTING CHALLENGES
Chair: Jeff Schake, Co-Chair: Denis Jean

New Developments in Broadband Printing TEChNIQUES ..........ccociiiiiiiiiice et 621
Mark Whitmore, Clive Ashmore

Evaluation of Nano-Coated Stencil for Ultra Fine Pitch Component ASSEMDIY .........ccccoiriiiiiiiiiieceee 627
Rita Mohanty, Rajiv lyer, Sharan Hoogar, Daryl Santos

Specification Limits Review for Solder Paste Stencil Print InSpection (SPI).........cccooiiiiiiiiiiiie e 633

David Sbiroli, Ed Briggs, Chris Anglin

SMT5: REFLOW AND SOLDERING TECHNOLOGIES
Chair: Tom Zanatta, Co-Chair: Derek Daily

A Standardized Method to Evaluate Process Material Compatibility With In-Circuit Test in High

(0001 aa] o] 1o (1 AV AT 0] o SO 640
John McMahon, Simin Bagheri, Lynn Klev
Supporting Component Self-Alignment by Forced Oscillation During Reflow Soldering ..........cccccooviiineiiiinenn 645

Florian Schiler, Michael Pfeffer, Stefan Harter, Jérg Franke

Experiences in Transferring Recipes from an Eight Zone Reflow Oven to a Ten Zone Oven-
L8] 01 d o L=Tod (=0 IS T- V7 oo OSSR 652
Fred Dimock

SMT6: SOLVING SOLDER VOIDING AND OTHER SOLDER PROBLEMS

Chair: Laura Turbini, Co-Chair: Dan Baldwin

Four Ways to Reduce Voids in BGA/CSP Package to Substrate ConNECtioNS...........cccvviiviirierieieieiisesesieies e 655
Michael A. Previti, Mitch Holtzer, Tom Hunsinger

An Investigation Into the Development of Tin-Lead and Lead-Free Solder Pastes to Reduce Voiding

in Large Contact Area Power Transistor/QFN TyYpe COMPONENTS .........ciiiiiiinieiiieiesesie e 663
Jashir Bath, Manabu Itoh, Gordon Clark, Noriyoshi Uchida, Hajime Takahashi, Roberto Garcia
Applications of Solder Fortification With Preforms..........co.oi e 669

Carol Gowans, Ronald Lasky

MEX1: CONFORMAL COATING FOR TODAY’S ELECTRONICS INDUSTRY
Chair: Jason Keeping, Co-Chair: Mike Nadreau

How to Deal With Problem Areas for Selective Conformal Coating..........cc.oviieiiriiinieiiicee e 673
Arjen Koppens, Ad van Dinter

Moisture-Cure Polyurethanes — Latest Developments in VOC-Free Conformal Coatings.........ccccceeveiveneviiieennnn, 676
Jade P. Bridges

Ultraviolet Conformal Coating Process DEVEIOPMENT ...........cooiiiiiiiiiiiree bbb 684

Corey Peterson



Environment-Friendly Vapor Phase Conformal Insulation Options for Reliability Improvement of
[ T=T01 o] ot TSP PTR PRSP 691
Rakesh Kumar

MEX2: ALTERNATE LEAD-FREE ALLOYS: MATERIALS AND PROCESSES
Chair: Ron Lasky, Co-Chair: Phil Zarrow

Low-Silver BGA Assembly, Phase 2 - Reliability Assessment, Sixth Report: Thermal Cycling Results

FOr UNIMIXEA JOINTS ..ottt bbbttt b bbbt 698
Gregory Henshall, Michael Fehrenbach, Chrys Shea, Quyen Chu, Girish Wable, Ranjit Pandher, Ken Hubbard,
Gnyaneshwar Ramakrishna, Ahmer Syed

The Development of an IMpProved TiN-ZINC SOIAET ..........ccoiiiiiiiecees et sae 710
Keith Sweatman, Takashi Nozu, Tetsuro Nishimura

The Effect of Silver Content on the Solder Joint Reliability of a Pb-Free PBGA Package ..........cccoceovviviieinicninnene, 716
Richard Coyle, Peter Read, Richard Popowich, Debra Fleming, Heather McCormick, John Osenbach, John
Manock

MEX3: HIGH SPEED CONNECTOR ATTACHMENT TECHNOLOGY
Chair: Jim Zanolli, Co-Chair: Heather McCormick

Press-Fit Interconnection Assembly Challenges and SOIULIONS ...........c.cooiiiiiiiiniii e 723
Phil Isaacs, Sven Peng, H.M. Chan, Wai Mun Lee, Alex Chen
Long-Term Reliability Assessment of a New Lead-Free Area Array Connector SYStem .........ccocevvveivreienneninneeneane 729

Takeshi Saito, Nobuhiro Tamai, Takashi Kikuchi, Gnyaneshwar Ramakrishna, Chrys Shea, Jean-Paul Clech

New Solder Attach in Area Array Connector: Assessing the Reliability of Solder Charge SMT
Y1101 o] 2SSO ST SOUPSRPRTPN 746
Theeraphong Kanjanupathum, Teng Hoon Ng, Adam Stanczak

MEX4: LEAD-FREE WAVE SOLDERING PROCESS FOR TODAY’S CHALLENGES
Chair: Ursula Marquez de Tino, Co-Chair: Chris Nash

Lead-Free Wave Soldering for Process and Product Design Improvement in SNCu AllOYS .........ccccovviiieiiiniinienns 754
Juthathip Fangkangwanwong, Mongkhol Phuhattsuan, Teng Hoon Ng
Challenges in Lead-Free Wave SOIAEIING.........iii ittt ettt sbe sttt e e eseareane e s 761

Sunil Gopakumar, Francois Billaut, Eric Fremd, Chris Chu, K. Y. Tsai, Chu Lin, Toyma Lee, Jashir Bath

iINEMI Lead-Free Wave Soldering Project: An Investigation of Reliability of Through-Hole Electrical
(=T oTo] g1 0 [=To i T SO TSSO TO PP S PP PP PSPPI 769
Denis Barbini, Denis Jean, Stuart Longgood, Keith Howell, Jian Miremadi

MEX5: HEAD-IN-PILLOW COMPONENT SOLDERING DEFECTS
Chair: Jasbir Bath, Co-Chair: Chrys Shea

A Procedure to Determine Head-in-Pillow Defect and Analysis of Contributing Factors.............cccccooviiiiiininennne 777
Ranjit Pandher, Rahul Raut, Michael Liberatore, Navendra Jodhan, Karen Tellefsen

Testing and Prevention of Head-IN-PillOW ... 784
Yan Liu, Pamela Fiacco, Ning-Cheng Lee

Effects of Component Warpage on Board Assembly Defects and Effective Mitigation Measures ............c.ccceevennee. 789

Peng Su, Guhan Subbarayan

MEX6: SOLAR MODULE MANUFACTURING
Chair: Chrys Shea, Co-Chair: Irene Sterian

SMT Challenges in AITEINALIVE ENEIQY .....cviiiiiiii ettt b e bbbt b e bt e et e bt eb e b e s 795
Alan Rae
Fabrication of Low Cost Flexible Solar Cells Using Solution-Based Coating Techniques ............ccccceooeveneieiinenene. 798

Joseph Weiss, Peter Kariuki, Jasper Chiguma, Jessica Gendron, Babak Arfaei, Peter Borgesen, Wayne Jones



BUS1: MANAGING THE ESCALATING INDIRECT MATERIAL COSTS

FOR HIGH-RELIABILITY APPLICATIONS
Chair: Gary Tanel, Co-Chair: Jim Baker

Bridging Supply Chain Gap for Exempt High-Reliability “OEM’s” Tin Whisker Mitigation and

(110 0] (<] o (=TT D] =Tox A Lo o LSOO 805
Nicholas Leonardi

Moisture and Contamination Considerations for Long Term Storage of End of Life Electronic

(7] 0 0] oT0] 4 T=1 0] £ PSSO S TP PRPR 811
Lee Melatti

Electronic Product Assembly in the Global Marketplace: The Material Piece of the Competitive

PUZZIB ...ttt b bt h bt b e H b H bR R R R R R AR £ R £ R £ SR e R R e b e R £ e bt Rt b e b bt nt et e b nnin 814
Tom Borkes

SUB1: ENVIRONMENTAL FACTORS INFLUENCING PCB CREEP CORROSION AND

MITIGATION STEPS TO PREVENT IT

Chair: Lenora Toscano, Co-Chair: Anil Kurella

Mixed Flowing Gas Test Procedures for Creep Corrosion and How To Minimize I1ts OCCUrTence ..........cccceeveeennee. 825
Barry S. Hindin

PCB Creep Corrosion and Board Design CONSIAEIAtiONS............ccouiieirieiiiieiiieieece ettt sre e nees 832
He Jinggiang, Gao Feng, Tu Yunhua, Liu Sang

Silver Corrosion in High SUIfUr ENVIFONMENTS. .........ooiiiiiiicie et ettt saebesbe st e 837

James S. Tonge

SUB2: THE RELIABILITY OF HIGH DENSITY INTERCONNECTION (HDI) PCBS FOR

COMPLEX ELECTRONICS
Chair: John Davignon, Co-Chair: Matthew Seal

Reliability Issues Caused by Bending HDI FIexXible CirCUITS ..........coioiiiiiiiiiiiie sttt 842
John Dzarnoski, Kexia Sun

Use of Non Etching Adhesion Promoters in Advanced PCB APPlICatioNS ..........ccoooeiiiiiiiniiiceee e 848
Roger Massey, Adrian Zee

New Copper Electrolytes for Blind Microvia FilliNg ..o 855

Michael Dietterle

SUB3: LATEST DEVELOPMENTS IN SURFACE FINISHES

Chair: Jim Kenny, Co-Chair: Steve Vandervoort

Considerations for Selecting a Printed Circuit Board Surface FiniSh..........ccccccoiiiiiiiiiiic e 863
Randy Schueller

A New Surface Finish for the EIeCtronics INAUSTIY ..........coiiiiiiiiiiii e 871
Ernest Long, Lenora Toscano

Latest Developments in Surface Finishing of PCBs Using Plasma Deposition ...........ccccoovieiinciiiiniene e 878

Tim von Werne, Andy Brooks, Siobhan Woollard

SUB 4: PALLADIUM CONTAINING SURFACE FINISH
Chair: Raiyo Aspandiar, Co-Chair: Robert Kinyanjui

Electroless Palladium as a PCB Surface Finish — “The Re-INtroduction™..............cccooiiiiiiineieieiese e 884
Jim Trainor

The Benefits of ENEPIG with Pure Pd for Gold Wire Bonding...........ccoeiiiisens 893
Mustafa Ozkok, Gustavo Ramos, Dieter Metzger, Hugh Roberts

A Study of the ENEPIG IMC for EUtectiC and LF SOIEIS.........cccoiiiiiiiiieieeeee e 897

G. Milad, D. Gudeczauskas, G. O’Brien, A. Gruenwald



PRC1: USING AUTOMATED OPTICAL INSPECTION (AOI) AND AUTOMATED X-RAY

INSPECTION (AXI) TO REDUCE COST THROUGH PROCESS CAPABILITY AND CONTROL
Chair: Tom Borkes, Co-Chair: Rod Howell

Comparison of Various Metrologies to Measure Voids in X-Ray Images of High Density BGA

PACKAGE SOIARE BAIIS..... ..ottt ettt et et e b et e ae bt e bt e bese et e e e m e e beeReebesbeebesneneereanennas 905
Ife Hsu, Raiyo Aspandiar, Sherstin Mortensen, Christine Blair, Dong Ming, Keith Newman, Isabel de Sousa,
Patrick Thompson

AOT N AN 0L005 WOTT ...ttt bbbt b bt bbbt h b bt e bbbt b bt e bbb 915

Galen Alexander, Cathy Combet, Ming-Ming Chang

PRC2: STRATEGIES FOR OPTIMIZING AOI AND X-RAY INSPECTION

Chair: Tim Kruse, Co-Chair: Peter Biocca

Real Life X-Ray Inspection for BGAs, QFNs, Counterfeit Components and 3D Packages..........ccocooervrencieiinencnne. 923
Evstatin Krastev, David Bernard
Zero-defect Strategies With Combined Optical and X-Ray Inspection (AOI/AXI) ... 930

Carsten Salewski, Jesper Lykke
How to Implement Good Test Coverage and Eliminate Escapes for Printed Circuits Board Assembly

(O 91T -1 £ o] o FH SO RSPSP 933
Gaosen Li, An Qi Zhao, Andrew Ho, Wei Wen, Zhen (Jane) Feng, Murad Kurwa, Haolee Yang, Liang Chen

PRC 3: RISK MITIGATION FOR COUNTERFEIT ELECTRONIC COMPONENTS

Chair: David Steele, Co-Chair: Anne Poncheri

Methods Used in the Detection of Counterfeit Electronic COMPONENTS..........ccooeiiiiiiiiiciee s 942
Harold “Woody” Hewett

Using X-Ray Systems to Detect Counterfeit and Reworked Electronic COmMpONeNnts..........coceveeieereneneneieeeneneeees 953
Art Ogg

Counterfeit Components — The 800 POUNA GOFilla...........c.cciiiiiiiiiee e 960
Mark Pasdon

REDUCING MANUFACTURING VARIATION
Chair: Rob Rowland

Process Control - Measurement SYSTEM ANGAIYSIS ........oiviiiiiiiieieiieeet et sb e bt a e reetesbenees 967
Herb Robbins
Interactive Paperless Work Instructions Used for Process Management...........coeoeeiiieneneneneiescse e 972

John Stimadorakis

SELECTIVE SOLDERING

Chair: Bill Barthel

Selective Soldering TeChNOIOGY SEIBCTION .........ciiiiiiieic ettt teneeane 977
Francisco Fernandez, Eddie Tang, Feng Lu

Process Control — Basis for a Cost-Effective Selective Soldering Process............c.cccoviviiiiiiiiiiiiccs 986

Christian Ott, Heike Schlessmann, Reiner Zoch

PAD SITE DRESS METHODS
Chair: Chrys Shea

PCB Pad Site Dress Methods on BGA and SOCKEt Pad AFTAYS .......c.ouiiiiriiiieieieiee et 991
James Wade, Raiyo Aspandiar, Don Naugler, Terry Leahy

Author Index





