
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-8392-0 

SMTA International 2023 
Technical Conference 

Minneapolis, Minnesota, USA 
9-12 October 2023 

 

 

 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright© (2023) by Surface Mount Technology Association (SMTA) 

All rights reserved. 

 

Printed with permission by Curran Associates, Inc. (2024) 

  

For permission requests, please contact Surface Mount Technology Association (SMTA) 

at the address below. 

  

Surface Mount Technology Association (SMTA) 

6600 City West Parkway 

Eden Prairie, MN 55344 

USA 

 

 

Phone:  (952) 920-7682 

 

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:      845-758-2633 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



SMTA International 2023  Table of Contents 

Table of Contents 

SMTA International 2023 Technical Conference 
October 9 - 12, 2023 

Minneapolis, MN, USA 

Advanced Packaging Technology (APT) Track 

APT1 

Wafer-to-Wafer (W2W) Hybrid Bonding - The Next Generation of Advanced Packaging Assembly 

Emily Duvall, Naval Surface Warfare Center (NSWC) Crane; *Charles Woychik, Ph.D., Chris Nichols, 

Victor Vilar, SkyWater Technology 

Process Development to Achieve a High Yield Wafer-to-Wafer (W2W) Hybrid Bond 

Victor Vilar, Elan Herrera, Sangchae Kim, Chris Nichols, Charles Woychik, Ph.D., SkyWater 

Technology 

APT2 

Using Piezoelectric Sensors to Measure Dynamic Force in Semiconductor Applications 

James Macy, Robert Hillinger, Kistler Instrumente AG 

Assembly Solutions for Cost-Effective Heterogeneous Integration with Disparate Die Types 

Glenn Farris, Universal Instruments 

Innovative Soldering Materials for Ball-Attach Processes on Advanced Packages 

Evan Griffith, Indium Corporation 

APT3 

Cu Conductive Paste as Via Filling Materials for Various Substrates 

*Yoshinori Ejiri, Masumi Sakamoto, Chiaki Shimizu, Resonac Co., Ltd.

1

7

12

19

25

31



SMTA International 2023  Table of Contents 

Study of the FCBGA Package Interfaces Reliability Under Monotonic and Fatigue Loads after 

Sustained High Temperature 

*Pradeep Lall, Ph.D., Padmanava Choudhury, Aathi Pandurangan, Madhu Kasturi, Auburn University

APT4 

Si-Interposers for 3D Heterogeneous Integration 

*Charles Woychik, Ph.D., Chris Nichols, Larry Black, Alan Huffman, SkyWater Technology; John

Allgair, BRIDG

Board Level Reliability of Large Body Size WLCSP for Automotive Radar Applications 

*Andrew Mawer, Nishant Lakhera, Mollie Flick, Trung Duong, NXP Semiconductors

Trench Fill for Printed RF Interconnects 

Kurt Christenson, Ph.D., Optomec; Owen Freebersyser, Kedran St. George, Bethel University 

38

49

57

64



SMTA International 2023  Table of Contents 

High Performance Reliability (HPR) Track 

HPR1 

Comparative Study of Lead-free Solder Materials for Power Module Packaging Assembly 

Tyler Richmond, Hongwen Zhang, Ph.D., Francis Mutuku, Ph.D., Jie Geng, Ph.D., Huaguang Wang, 

Kyle Aserian, Indium Corporation 

Managing Thermomechanical Behaviour in Automotive Electronics 

*Maurice Dore, Valeo

Utilizing SIR and Analytical Tools to Determine Impact to Reliability for Process Improvements 

Denis Barbini, Ph.D., ZESTRON Corporation; Jamie Boutwell, Cirtronics 

HPR2 

Electrical plus Functional Testing is Instrumental in Designing Electronics that Survive Harsh 

Conditions 

*Mike Bixenman, MBA, DBA, Bobby Glidwell, Magnalytix, LLC; Terry Munson, Paco Solis, Jim Gryga,

Steve Middleton, Foresite Labs

Shear, Shock, Vibration and Thermo-Cyclic Mechanical Testing of Next Generation Pb-Free 

Solder Pastes 

*Norman Armendariz, Ph.D., RTX Raytheon

69

75

81

91

98



SMTA International 2023  Table of Contents 

Inspection and Test (INS) Track 

INS1 

Realtime Control 4.0: How AI supports Process Control 

Ivan Aduna, Axel Lindloff, Koh Young Technology 

Discover the A.I. Deployment in Verification Tool for Inspection Equipment Towards Smart 

Manufacturing 

Piet Gek Tan, ViTrox 

INS2 

Assessing Electronic Devices with Advanced 3D X-Ray Imaging and Electron Microscopy 

Herminso Villarraga-Gómez, Ph.D., Kyle Crosby, Ph.D., ZEISS 

In-Situ Thermal Radiographic Failure Analysis of Capacitor Encapsulant Fracturing 

*Norman Armendariz, RTX Raytheon

A New X-Ray Source Technology for Demanding SMT Inspection 

*Keith Bryant, KB Consultancy

INS3 

Conquering the Boogeyman: Mitigating Obsolescence Challenges Before They Occur 

Vernon Densler, Kathryn Ackerman, Sourceability LLC 

Flying Probe Card Design for Medical and Other Challenging Applications 

Luca Fanelli, SPEA 

INS4 

Accelerated Corrosion Testing of DRAM Modules for Data Centers: An Improved Quantitative 

Method for Accurate Life Cycle Estimation 

Kwangwon Seo, Keunho Rhew, Jinsoo Bae, Yuchul Hwang, Samsung Electronics 

Water-Soluble Flux Residue Study: Time on PCB and its Effect on Surface Insulation 

Resistance (SIR) Performance 

Joshua Dobransky, Thuy Nguyen, Indium Corporation 

104

111

117

124

128

132

144

148

154



SMTA International 2023  Table of Contents 

Interconnect Research and Reliability (IRR) Track 

IRR1 

A Collaborative Consortia Project to Assess the Effect of Thermal Cycling Dwell Time on the 

Reliability of High- Performance Solder Alloys 

*Richard Coyle, Ph.D., Nokia Bell Labs; et al.

The USPAE Solder Performance and Reliability Assurance Project: Test Plan 

Michael Osterman, Ph.D., USPAE Pb-free Solder Team, University of Maryland-CALCE-EPSC 

Graphical Representations of Challenges Regarding Implementation of Pb-free Materials in 

Aerospace & Defense Electronics 

*Anthony Rafanelli, Ph.D., P.E., Raytheon Technologies

IRR2 

Impact of BGA Escape Trace Design on Thermo-Mechanical Performance of Solder Joint 

Cheng-Hao Chin, Gnyaneshwar Ramakrishna, Cisco Systems 

Design Considerations That Influence LED Solder Joint Reliability on IMS Printed Circuit 

Boards 

Michael Blattau, Ansys, Inc. 

Effect of Bi-Addition on the High Strain Rate Properties of SnAgCu Solders under Wide 

Temperature Extremes and Prolonged Exposure to High Temperature 

*Pradeep Lall, Ph.D., Vishal Mehta, Mrinmoy Saha, Auburn University

IRR3 

Thermal Shock Testing of Third Generation High-Reliability Solder Alloys from -40°C to 150°C 

Jayse McLean, John Deere Electronics Solutions 

Low-Voiding High-Reliability Lead-Free Solder Paste for Automotive Applications 

*Hongwen Zhang, Ph.D., Jie Geng, Ph.D., Harris Jilani, Indium Corporation

158

184

191

195

202

206

215

224



SMTA International 2023  Table of Contents 

Next-Generation Pin-in-Ball and Non-Solder Ball Grid Arrays Demonstrate Advancements in 

Surface-Mount Area Array Solder Joint Attachment With the Capacity to Satisfy IPC-A-610 and 

IPC J-STD-001 Class 3 Criteria 

Robbie Huffman, David Decker, Samtec, Inc. 

Intermetallic Compounds in Solder Alloys: The Common Misconception 

*David Hillman, Hillman Electronic Assembly Solutions; Tim Pearson, Collins Aerospace; Richard

Coyle, Ph.D., Nokia Bell Labs

232

241



SMTA International 2023  Table of Contents 

Low Temperature Solder (LTS) Track 

LTS1 

The Thermal Cycling Performance of Hybrid Low Temperature Solder Joints Tested at a High 

Homologous Temperature 

*Richard Coyle, Ph.D., Chloe Feng, Faramarz Hadian, Richard Popowich, Nokia Bell Labs; Martin

Anselm, Ph.D., RIT; Jean-Paul Clech, EPSI; Lenora Clark, MacDermid Alpha Electronics Solutions

The Effect of Thermal Cycling Profile on Thermal Fatigue Performance of an 84-Pin Thin Core 

BGA with Hybrid, Homogeneous, and Resin Reinforced Low Temperature Solder Interconnects 

*Raiyo Aspandiar, Ph.D., Dan Burkholder, Intel Corporation; et al.

Reliability Performance Impacts of Isothermal Aging on Homogenous Low Temperature Solder 

Joints 

*Raiyo Aspandiar, Ph.D., Jason Stafford, Kevin Byrd, Jeffrey Cook, Brian Franco, Intel Corporation

LTS2 

Reliability Performance of a Fourth Generation Low Temperature Solder Alloy in Homogeneous 

and Hybrid Solder Joints – Part 2 

Anna Lifton, Morgana Ribas, Ph.D., Divya Kosuri, Anil Kumar, Raghu Raj Rangaraju, Pritha 

Choudhury, Ph.D., Vikas Patil, Siuli Sarkar, Ph.D., Paul Salerno, MacDermid Alpha Electronics 

Solutions; Sukshitha Achar P.L., Sean Yenyu Lai, Ganesh Subbarayan, Ph.D., Hannah Nicole Fowler, 

John Blendell, Ph.D., Purdue University 

A Near Eutectic Sn-Bi Low-Temperature Alloy with High Thermal Fatigue Performance 

Francis Mutuku, Ph.D., Hongwen Zhang, Ph.D., Huaguang Wang, Jie Geng, Ph.D., Indium Corporation 

Investigation of Compatibility and Reliability in Low Temperature Soldering for Ball Grid Array 

Components 

Watson Tseng, Chunyu Chang, Coti Chung, Keith Lee, Ken Lin, Shenmao America, Inc. 

LTS3 

Comparison of Electromigration in TIN-Bismuth Planar and Bottom Terminated Component 

Solder Joints 

*Prabjit Singh, Ph.D., IBM Corporation

Low Temperature Solder Joint Shear Strength of Components in SMT Assembly 

*Raiyo Aspandiar, Ph.D., Saurabh Gupta, Howlit Chng, James M. Wade, Kyle Davidson, Todd Smith,

257

294

324

332

345

353

361

368



SMTA International 2023  Table of Contents 

Kevin J Byrd, Jose I Hernandez, Juan Landeros, Intel Corporation 

Investigation into Low Temperature Solder Reliability 

Michael Osterman, Ph.D., Aaron Mendelsohn, University of Maryland-CALCE-EPSC 

Drop/Shock Behavior of Low Temperature Solder BGA 

Sufyan Tahat, Sa’d Hamasha, Ph.D., Auburn University; Michael Meilunas, Universal Instruments 

Corporation 

LTS4 

A Path to Ductile Low Temperature Solders for Mass Production of Electronic Assemblies? 

*Keith Sweatman, P.E., Xin Fu Tan, Qichao Hao, Stuart D. McDonald, Michael Bermingham, Kazuhiro

Nogita, The University of Queensland; Qinfen Gu, ANSTO; Tetsuro Nishimura, Nihon Superior Co.,

Ltd.

The Effect of Sb and Ag Addition on the Melting, Undercooling, and Mechanical Behavior of Sn-

Bi LTS 

Hannah Fowler, Yifan Wu, Purdue University 

Microstructure Modification for SnBi Low Temperature Solder Alloy 

Albert Wu, National Central University; Chao-Chin Chang, Tsao-Cheng Huang, Yu-Cheng Chen, 

Formosa Plastics Corporation; Chang-Meng Wang, Shenmao Technology Inc. 

LTS5 

Complex Board Design Induced Solder Separation Failure: Mechanism and Mitigation Using 

Low Melting Temperature Interconnects 

*Tae-Kyu Lee, Ph.D., Gnyaneshwar Ramakrishna, Cisco Systems; Jonghyun Nam, Daljin Yoon, Heera

Roh, SK Hynix

A Study on the Improvement of Module Assembly Process and Reliability Using Sn-Bi Low 

Temperature Solder Paste 

Jinwoo Jang, Dongmin Jang, Jaeseok Jang, Seungyeong Lee, Samsung Electronics 

Homogeneous Low Temperature Solder Technology - Quality and Reliability Considerations for 

Ball Grid Array Components 

Rajen Sidhu, Ph.D., Affawn Ashraf, Ph.D., Alfred Yeo, Ph.D., Sireesha Gogineni, Kang Lin Chiew, 

AMD 

374

379

387

396

403

407

414

417



SMTA International 2023  Table of Contents 

Materials for Electronics (MAT) Track 

MAT1 

Z-Axis Carbon Fiber-Indium Composite Thermal Interface Material with Ultra-High Thermal

Conductivity for High Performance Computing

Rafael Padilla, P.E., Chunzhou Pan, Juan Pino, Boston Materials Inc.; John Nuszkowski, Stephen

Stagon, University of North Florida

Discrete Carbon Nanotube Implementation for Use in ESD Tooling Fixtures and Assemblies 

David Torp, P.E., Mechnano 

MAT2 

Selecting the Right Adhesive for Your Electronics Application 

David Spitz, Ansys, Inc. 

Sustainable Nanocoating Technology for Corrosion Protection of Electronics 

Rakesh Kumar, Ph.D., Frank Ke, Dustin England, Specialty Coating Systems, Inc. 

Restoration of Tin-Over-Copper Plating on Electronic Components and Circuit Boards 

Exhibiting Cu-Sn Intermetallic Breakthrough and Severe Surface Oxidation 

Scott Nelson, SemiPack Services Inc; Dana Imler, Yehuda Baskin, Ph.D., Superior Flux 

MAT3 

A Novel Surface Finish Can Achieve Robustness Against Copper Creep Corrosion for Better 

Reliability of Printed Circuit Boards (PCBs) 

Kunal Shah, Ph.D., Lilotree; Dem Lee, Jeffrey Lee, Integrated Service Technology Inc. 

The Intermediate Diffusion Barrier Performance of Electroless Co-W-B / Ni-P Stacked Deposits 

Between Cu and Solder Joint 

Yoshihito Ii, Hiroki Okubo, Shoichi Fukui, Tetsuji Ishida, Shoji Iguchi, Katsuhisa Tanabe, Shigeo 

Hashimoto, C. Uyemura & Co., Ltd. 

Not All Things Are Created Equal- OSP and Cleaning Chemistries 

Frank Xu, Ph.D., John Fudala, Michael Orsini, Martin Bunce, MacDermid Alpha Electronic Solutions; 

Haley Reid, KYZEN Corporation 

423

428

432

439

443

448

455

463



SMTA International 2023  Table of Contents 

Medical & Defense (MD) Symposium 

MD1 

Cleaning in the High Reliability World the Hidden Cost of Cleaning PCBs 

*William Capen, Honeywell FM&T

Engineering Curiosity and Why it is a Must for Mission-Critical Manufacturing 

*Adam Klett, Ph.D., KYZEN Corporation; *William Capen, Honeywell FM&T

MD2 

The Importance of Having a Clean Slate in the SMT Assembly Process for High-Density and 

Fine-Pitch Applications 

Charlie Fujikawa, Max Bernard, *Michelle Ogihara, Seika Machinery, Inc. 

Process Control of Rework Used in High Reliability World 

Rachel-Anne Stupp, Honeywell FM&T 

Recognizing the Root Cause of Solder Joint Failures 

*Martine Simard-Normandin, Ph.D., MuAnalysis Inc.

470

476

481

486

491



SMTA International 2023  Table of Contents 

Manufacturing Excellence (MFX) Track 

MFX2 

Fill the Void VI: A Study of the Impact of Solder Alloy on Voiding in Solder Joints 

*Tony Lentz, FCT Assembly

Establishing Design Rules for the Laser Depaneling of Printed Circuit Boards 

Stephan Schmidt, Patrick Stockbrügger, M.Sc., LPKF Laser & Electronics North America 

Modern Methods of PCB Depanelization and the Associated Considerations With a Focus on 

Low Impact Depanelization for Improved Reliability 

Max Bernard, *Michelle Ogihara, Steven Yukutake, Yoshito Kanayama, Seika Machinery, Inc. 

MFX3 

Revolutionizing PCB Assembly Cleaning: The Next Generation of pH-Neutral Defluxing Agents 

*Ravi Parthasarathy, M.S.Ch.E., ZESTRON Corporation

Qualifying and Validating the SMT Cleaning Process using a Glass Test Vehicle 

*Vladimir Sitko, PBT Works s.r.o.; Mike Bixenman, DBA, Magnalytix, LLC

Molecular Fingerprint of Condensate Residues in the Soldering Process - Detailed FT-IR 

Spectroscopic Analyses and Identification of Reaction Partners 

*Viktoria Rawinski, Rawinski GmbH

Case Study: Analyzing 0402 Capacitor Defects With Stencil Printing Misalignment When Using 

Water Soluble and No-Clean Solder Pastes: Part 2 

*Martin Anselm, Ph.D., Zachary Slater, Rochester Institute of Technology

MFX4 

3D Printing of Electronics Tooling 

Jeff DeGrange, Dan Migley, Impossible Objects 

494

502

509

515

531

552

560

569



SMTA International 2023  Table of Contents 

Adiabatic & Isothermal Humidification for Electronics Manufacturing: The Science of Humidity 

Control in Manufacturing 

Richard Williams, Carel USA 

Recent Advancements in Hot Bar Soldering 

*Ron Lasky, Ph.D., P.E., Dean Payne, Chris Nash, Indium Corporation

MFX5 

Vapor Deposited Stencil Nano-Coatings-A New Break Thru or Just Another Coating? 

Greg Smith, BlueRing Stencils 

An Exploratory Review of Variables Affecting Solder Paste Volume and Reliability in the Stencil 

Printing Process 

Matthew Simeroth, ACC Electronix, Inc. 

Performance Comparison of Contemporary Stencil Coatings and Under Wipe Solvents on 

0.4mm BGA Packages 

*Chrys Shea, Shea Engineering Services; Debbie Carboni, KYZEN Corporation; John Hanerhoff,

Garmin International

573

579

586

592

601




