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The ELFNET Book on Failure Mechanisms, Testing Methods,
and Quality Issues of Lead-Free Solder Interconnects
Lead-free solders are used extensively as interconnection materials in electronic
assemblies and play a critical role in the global semiconductor packaging and
electronics manufacturing industry. Electronic products such as smart phones,
notebooks and high performance computers rely on lead-free solder joints to
connect IC chip components to printed circuit boards. Lead Free Solder: Mechanics
and Reliability provides in-depth design knowledge on lead-free solder elasticplastic-creep and strain-rate dependent deformation behavior and its application in
failure assessment of solder joint reliability. It includes coverage of advanced
mechanics of materials theory and experiments, mechanical properties of solder
and solder joint specimens, constitutive models for solder deformation behavior;
numerical modeling and simulation of solder joint failure subject to thermal cycling,
mechanical bending fatigue, vibration fatigue and board-level drop impact tests.
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Lead-free Electronics
Fundamentals of Lead-Free Solder Interconnect Technology
This book focuses on the assembly and reliability of lead-free solder joints. Both
the principles and engineering practice are addressed, with more weight placed on
the latter. This is achieved by providing in-depth studies on a number of major
topics such as solder joints in conventional and advanced packaging components,
commonly used lead-free materials, soldering processes, advanced specialty flux
designs, characterization of lead-free solder joints, reliability testing and data
analyses, design for reliability, and failure analyses for lead-free solder joints.
Uniquely, the content not only addresses electronic manufacturing services (EMS)
on the second-level interconnects, but also packaging assembly on the first-level
interconnects and the semiconductor back-end on the 3D IC integration
interconnects. Thus, the book offers an indispensable resource for the complete
food chain of electronics products.

Advanced Flip Chip Packaging
The current edited book presents some of the most advanced research findings in
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the field of nanotechnology and its application in materials development in a very
concise form. The main focus of the book is dragged toward those materials where
electronic properties are manipulated for development of advanced materials. We
have discussed about the extensive usage of nanotechnology and its impact on
various facets of the chip-making practice from materials to devices such as basic
memory, quantum dots, nanotubes, nanowires, graphene-like 2D materials, and
CIGS thin-film solar cells as energy-harvesting devices. Researchers as well as
students can gain valuable insights into the different processing of nanomaterials,
characterization procedures of the materials in nanoscale, and their different
functional properties and applications.

Electronic and Photonics Packaging
Even though the effect of lead contamination on human health has been known for
decades, very little attention has been paid to lead-based solders used in
electronics until recently. This comprehensive book examines all the important
issues associated with lead-free electronic solder. It collects the work of
researchers recognized for their significant scientific contributions in the area.

EPTC
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This handbook provides the most comprehensive, up-to-date and easy-to-apply
information on the physics, mechanics, reliability and packaging of micro- and optoelectronic materials. It details their assemblies, structures and systems, and each
chapter contains a summary of the state-of-the-art in a particular field. The book
provides practical recommendations on how to apply current knowledge and
technology to design and manufacture. It further describes how to operate a
viable, reliable and cost-effective electronic component or photonic device, and
how to make such a device into a successful commercial product.

2009 IEEE 59th Electronic Components and Technology
Conference
MEMS and Nanotechnology, Volume 5: Proceedings of the 2013 Annual Conference
on Experimental and Applied Mechanics, the fifth volume of eight from the
Conference, brings together contributions to this important area of research and
engineering. The collection presents early findings and case studies on a wide
range of areas, including: Microelectronics Packaging Single Atom/Molecule
Mechanical Testing MEMS Devices & Fabrication In-Situ Mechanical Testing
Nanoindentation Experimental Analysis of Low-Dimensional Materials for
Nanotechnology
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Solder Materials
The EMPC 2019 program will focus on industrial needs, trends and solutions, and
academic R&D This event brings together researchers, innovators, technologists,
business and marketing managers with an interest in microelectronics and
photonics packaging, providing communication, education and interaction focused
on developments of technologies of the present and for the future, including 3D
Integration, SMT, CoB and FC Assembly, Embedding, Wafer Level Packaging,
Encapsulation, Printed Electronics, MEMS, Photonics, HF, HT and Power Electronics,
Flexible Electronics, Advanced Materials, Thermal Management, Modeling Design
Simulation and Reliability

Die-Attach Materials for High Temperature Applications in
Microelectronics Packaging
The 16thInternational Symposium on MEMS and Nanotechnology, Volume 5 of the
Proceedings of the 2015SEM Annual Conference& Exposition on Experimental and
Applied Mechanics, the fifth volume of nine from the Conference, brings together
contributions to this important area of research and engineering. The collection
presents early findings and case studies on a wide range of areas, including:
Microscale and Microstructural Effects on Mechanical Behavior Dynamic
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Micro/Nanomechanics In-situ Techniques Mechanics of Graphene Indentation and
Small Scale Testing MEMS

2020 IEEE 70th Electronic Components and Technology
Conference (ECTC)
This volume presents for readers some selected papers from the 2017 Electronic
Packaging Interconnect Technology Symposium (EPITS 2017, Fukuoka, Japan,
November 1-2, 2017) and covers many aspects of topics such as implementing the
Restriction of Hazardous Substances (ROHS), emerging interconnect materials and
technologies, solders for interconnection at chip and package levels, stressmigration and mechanical properties of solder connections, research of properties
of other materials and development of chemical technologies. The editors hope
that this volume will provide the reader with a broad overview of the latest
advances in the field of Electronic Packaging Interconnect Technology, and that will
be a valuable reference source for further research.

Solder Joint Reliability Assessment
This book provides a comprehensive overview of important aspects of solder
materials including solderability and soldering reaction, physical metallurgy,
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mechanical properties, electromigration, and reliability of solder joint. The scope of
this book covers mainly, but not limited to, the important research achievements
of all the subjects having been disclosed and discussed in the literatures. It is a
very informative book for those who are interested in learning the material
properties of solders, carrying out fundamental research, and in carrying out
practical applications. This book is an important resource for the various important
subjects relating to solder materials.

Assembly and Reliability of Lead-Free Solder Joints
Emphasizing metallurgical and materials applications of shock-wave and highstrain-rate phenomena, this superb volume presents the work of the leading
international authorities who examine the state of the art of explosive and related
technologies in the context of metallurgical and materials processing and
fabrication.

Lead-free Soldering Process Development and Reliability
Today modern materials science is a vibrant, emerging scientific discipline at the
forefront of physics, chemistry, engineering, biology and medicine, and is
becoming increasingly international in scope as demonstrated by emerging
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international and intercontinental collaborations and exchanges. The overall
purpose of this book is to provide timely and in-depth coverage of selected
advanced topics in materials science. Divided into five sections, this book provides
the latest research developments in many aspects of materials science. This book
is of interest to both fundamental research and also to practicing scientists and will
prove invaluable to all chemical engineers, industrial chemists and students in
industry and academia.

Environment-friendly Electronics
Recent Progress inSoldering Materials
Lead-free Electronics provides guidance on the design and use of lead-free
electronics as well as technical and legislative perspectives. All the complex
challenges confronting the elec-tronics industry are skillfully addressed: *
Complying with state legislation * Implementing the transition to lead-free
electronics, including anticipating associated costs and potential supply chain
issues * Understanding intellectual property issues in lead-free alloys and their
applications, including licensing and infringement * Implementing cost effective
manufacturing and testing * Reducing risks due to tin whiskers * Finding lead-free
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solutions in harsh environments such as in the automotive and
telecommunications industries * Understanding the capabilities and limitations of
conductive adhesives in lead-free interconnects * Devising solutions for lead-free,
flip-chip interconnects in high-performance integrated circuit products Each
chapter is written by leading experts in the field and carefully edited to ensure a
consistent approach. Readers will find all the latest information, including the most
recent data on cyclic thermomechanical deformation properties of lead-free
SnAgCu alloys and a comparison of the properties of standard Sn-Pb versus leadfree alloys, using the energy partitioning approach. With legislative and market
pressure to eliminate the use of lead in electronics manufacturing, this timely
publication is essential reading for all engineers and professionals in the
electronics industry.

2019 22nd European Microelectronics and Packaging
Conference and Exhibition (EMPC)
Covering the major topics in lead-free soldering Lead-free Soldering Process
Development and Reliability provides a comprehensive discussion of all modern
topics in lead-free soldering. Perfect for process, quality, failure analysis and
reliability engineers in production industries, this reference will help practitioners
address issues in research, development and production. Among other topics, the
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book addresses: · Developments in process engineering (SMT, Wave, Rework,
Paste Technology) · Low temperature, high temperature and high reliability alloys ·
Intermetallic compounds · PCB surface finishes and laminates · Underfills,
encapsulants and conformal coatings · Reliability assessments In a regulatory
environment that includes the adoption of mandatory lead-free requirements in a
variety of countries, the book’s explanations of high-temperature, lowtemperature, and high-reliability lead-free alloys in terms of process and reliability
implications are invaluable to working engineers. Lead-free Soldering takes a
forward-looking approach, with an eye towards developments likely to impact the
industry in the coming years. These will include the introduction of lead-free
requirements in high-reliability electronics products in the medical, automotive,
and defense industries. The book provides practitioners in these and other
segments of the industry with guidelines and information to help comply with
these requirements.

Green Electronics Design and Manufacturing
This unique book provides an up-to-date overview of the concepts behind lead-free
soldering techniques. Readers will find a description of the physical and
mechanical properties of lead-free solders, in addition to lead-free electronics and
solder alloys. Additional topics covered include the reliability of lead-free soldering,
tin whiskering and electromigration, in addition to emerging technologies and
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research.

Solder Joint Reliability Assessment
Successfully Design and Manufacture Reliable Environmentally-Friendly Electronic
Products This state-of-the-art resource brings together contributions by a team of
experts from the total electronics supply chain who show how to master the
strategy, design, test and implementation issues of meeting global environmental
regulations. Edited by the founder of the New England Lead-Free Consortium and
filled with over 130 detailed illustrations, Green Electronics Design and
Manufacturing features: Guidance for lead-free conversions while maintaining
quality and reliability for printed circuit board production and rework of surface
mount technology and palted through holes Restriction of hazardous substances
(RoHS) compliance for hex-chrome and future halogen free issues Detailed
coverage of global environmental regulations and their impact on manufacturing
and design processes Techniques for managing corporate strategy and project
design teams for green products Proven methods for testing and analyzing green
products Proven methods for dealing with the adverse results of green production
such as tin whiskers and finish interactions Inside this Cutting-Edge Guide to
Creating Green Electronic Products • Basics, Test Methods, and Experimental
Techniques for Green Quality and Reliability • Electronics Industry Global
Environmental Regulations • Managing Corporate Strategy, Design Projects, and
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Teams for Green Products • Converting to Lead-Free Electronics Manufacturing,
Including Rework, for SMT, BGA, and PTH • Conversion Issues with Design
Changes, Laminates, IC Packages, and Printed Circuit Boards • Adverse
Consequences of Lead-Free, Including Tin Whiskers and Finish Interactions •
Nanotechnology and Its Future in Electronics Applications

Lead-Free Electronic Solders
Significant progress has been made in advanced packaging in recent years.
Several new packaging techniques have been developed and new packaging
materials have been introduced. This book provides a comprehensive overview of
the recent developments in this industry, particularly in the areas of
microelectronics, optoelectronics, digital health, and bio-medical applications. The
book discusses established techniques, as well as emerging technologies, in order
to provide readers with the most up-to-date developments in advanced packaging.

2019 18th IEEE Intersociety Conference on Thermal and
Thermomechanical Phenomena in Electronic Systems (ITherm)
This volume provides a comprehensive reference for graduate students and
professionals in both academia and industry on the fundamentals, processing
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details, and applications of 3D microelectronic packaging, an industry trend for
future microelectronic packages. Chapters written by experts cover the most
recent research results and industry progress in the following areas: TSV, die
processing, micro bumps, direct bonding, thermal compression bonding, advanced
materials, heat dissipation, thermal management, thermal mechanical modeling,
quality, reliability, fault isolation, and failure analysis of 3D microelectronic
packages. Numerous images, tables, and didactic schematics are included
throughout. This essential volume equips readers with an in-depth understanding
of all aspects of 3D packaging, including packaging architecture, processing,
thermal mechanical and moisture related reliability concerns, common failures,
developing areas, and future challenges, providing insights into key areas for
future research and development.

Proceedings of the Technical Program
This book presents the scientific principles, processing conditions, probable failure
mechanisms, and a description of reliability performance and equipment required
for implementing high-temperature and lead-free die attach materials. In
particular, it addresses the use of solder alloys, silver and copper sintering, and
transient liquid-phase sintering. While different solder alloys have been used
widely in the microelectronics industry, the implementation of sintering silver and
transient liquid-phase sintering remains limited to a handful of companies. Hence,
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the book devotes many chapters to sintering technologies, while simultaneously
providing only a cursory coverage of the more widespread techniques employing
solder alloys. Addresses the differences between sintering and soldering (the
current die-attach technologies), thereby comprehensively addressing principles,
methods, and performance of these high-temperature die-attach materials;
Emphasizes the industrial perspective, with chapters written by engineers who
have hands-on experience using these technologies; Baker Hughes, Bosch and ON
Semiconductor, are represented as well as materials suppliers such as Indium;
Simultaneously provides the detailed science underlying these technologies by
leading academic researchers in the field.

Lead-Free Soldering
This book presents a systematic approach in performing reliability assessment of
solder joints using Finite Element (FE) simulation. Essential requirements for FE
modelling of an electronic package or a single reflowed solder joint subjected to
reliability test conditions are elaborated. These cover assumptions considered for a
simplified physical model, FE model geometry development, constitutive models
for solder joints and aspects of FE model validation. Fundamentals of the
mechanics of solder material are adequately reviewed in relation to FE
formulations. Concept of damage is introduced along with deliberation of cohesive
zone model and continuum damage model for simulation of solder/IMC interface
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and bulk solder joint failure, respectively. Applications of the deliberated
methodology to selected problems in assessing reliability of solder joints are
demonstrated. These industry-defined research-based problems include solder
reflow cooling, temperature cycling and mechanical fatigue of a BGA package,
JEDEC board-level drop test and mechanisms of solder joint fatigue. Emphasis is
placed on accurate quantitative assessment of solder joint reliability through basic
understanding of the mechanics of materials as interpreted from results of FE
simulations. The FE simulation methodology is readily applicable to numerous
other problems in mechanics of materials and structures.

3D Microelectronic Packaging
This book is about solders and their composition and focuses on material
characterizations and the methods used to make alloys and determine their
structures, physical properties and applications. Physical properties and the factors
that control them and theoretical verification are the main contents of this book.
Corrosion of solders is included in the coverage of the properties related to solder
composition and mechanical properties.

Nanoelectronics and Materials Development
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The worldwide trend toward lead-free components and soldering is especially
urgent in the European Union with the implementation strict new standards in July
2006, and with pending implementation of laws in China and California. This book
provides a standard reference guide for engineers who must meet the new
regulations, including a broad collection of techniques for lead-free soldering
design and manufacture, which up to now have been scattered in difficult-to-find
scholarly sources.

Handbook of Lead-Free Solder Technology for Microelectronic
Assemblies
This book provides some of the most advanced research observations and in-depth
knowledge behind lead-free soldering. Readers will find a description of different
cutting-edge techniques used for improving the reliability of interconnects
manufacturing. Some of the most unconventional topics covered in this book
include solder joint formation for microelectronic devices at room temperature and
the possibility of soldering ceramic materials, which is limited due to the poor
wettability of ceramic substrates with commercial solders following classical
soldering techniques. We also discuss the possibilities of nanoscale preparation of
solder joints for bringing down the processing temperature so that it does not
affect the packaging technologies. Readers will find that precise, systematic
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discussion of solder joint formation and its interfacial characterization has been
depicted for each technique used in different chapters. This book is of interest to
both fundamental researchers and also to practicing scientists and will prove
invaluable to all those working in industry and academia.

2019 IEEE 21st Electronics Packaging Technology Conference
(EPTC)
The ITherm Conference series is the leading international venue for scientific and
engineering exploration of thermal, thermomechanical, and emerging technology
issues associated with electronic devices, packages, and systems

Lead-Free Solder Interconnect Reliability
This book presents a systematic approach in performing reliability assessment of
solder joints using Finite Element (FE) simulation. Essential requirements for FE
modelling of an electronic package or a single reflowed solder joint subjected to
reliability test conditions are elaborated. These cover assumptions considered for a
simplified physical model, FE model geometry development, constitutive models
for solder joints and aspects of FE model validation. Fundamentals of the
mechanics of solder material are adequately reviewed in relation to FE
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formulations. Concept of damage is introduced along with deliberation of cohesive
zone model and continuum damage model for simulation of solder/IMC interface
and bulk solder joint failure, respectively. Applications of the deliberated
methodology to selected problems in assessing reliability of solder joints are
demonstrated. These industry-defined research-based problems include solder
reflow cooling, temperature cycling and mechanical fatigue of a BGA package,
JEDEC board-level drop test and mechanisms of solder joint fatigue. Emphasis is
placed on accurate quantitative assessment of solder joint reliability through basic
understanding of the mechanics of materials as interpreted from results of FE
simulations. The FE simulation methodology is readily applicable to numerous
other problems in mechanics of materials and structures.

Materials for Advanced Packaging
This reference provides a complete discussion of the conversion from standard
lead-tin to lead-free solder microelectronic assemblies for low-end and high-end
applications. Written by more than 45 world-class researchers and practitioners,
the book discusses general reliability issues concerning microelectronic
assemblies, as well as factors specific to the tin-rich replacement alloys commonly
utilized in lead-free solders. It provides real-world manufacturing accounts of the
introduction of reduced-lead and lead-free technology and discusses the
functionality and cost effectiveness of alternative solder alloys and non-solder
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alternatives replacing lead-tin solders in microelectronics.

Metallurgical Applications of Shock-Wave and High-Strain Rate
Phenomena
EPTC 2019 will feature keynotes, technical sessions, short courses, forums,
exhibitions, social and networking activities It aims to provide a good coverage of
technology developments in all areas of electronics packaging from design to
manufacturing and operation It is a major forum for the exchange of knowledge
and provides opportunities to network and meet leading experts Since its
inauguration in 1997, EPTC has developed into a highly reputed electronics
packaging conference in the Asia Pacific and is well attended by experts in all
aspects of packaging technology from all over the world EPTC is the flagship
conference of IEEE EPS in Region 10

Advanced Design and Manufacture III
Advanced Flip Chip Packaging presents past, present and future advances and
trends in areas such as substrate technology, material development, and assembly
processes. Flip chip packaging is now in widespread use in computing,
communications, consumer and automotive electronics, and the demand for flip
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chip technology is continuing to grow in order to meet the need for products that
offer better performance, are smaller, and are environmentally sustainable.

MEMS and Nanotechnology, Volume 5
Electronic Packaging Interconnect Technology
Lead Free Solders
The ELFNET Book on Failure Mechanisms, Testing Methods, and Quality Issues of
Lead-Free Solder Interconnects is the work of the European network ELFNET which
was founded by the European Commission in the 6th Framework Programme. It
brings together contributions from the leading European experts in lead-free
soldering. The limited validity of testing methods originating from tin-lead solder
was a major point of concern in ELFNET members' discussions. As a result, the
network's reliability group decided to bring together the material properties of leadfree solders, as well as the basics of material science, and to discuss their
influence on the procedures for accelerated testing. This has led to a matrix of
failure mechanisms and their activation and, as a result, to a comprehensive
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coverage of the scientific background and its applications in reliability testing of
lead-free solder joints. The ELFNET Book on Failure Mechanisms, Testing Methods,
and Quality Issues of Lead-Free Solder Interconnects is written for scientists,
engineers and researchers involved with lead-free electronics.

High Temperature Electronics
MEMS and Nanotechnology, Volume 5
ECTC is the premier international conference sponsored by the IEEE Components,
Packaging and Manufacturing Society ECTC paper comprise a wide spectrum of
topics, including 3D packaging, electronic components, materials, assembly,
interconnections, device and system packaging, optoelectronics, reliability, and
simulation

A Review: Chill-Block Melt Spin Technique, Theories &
Applications
Volume is indexed by Thomson Reuters CPCI-S (WoS).
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Materials Science
The development of electronics that can operate at high temperatures has been
identified as a critical technology for the next century. Increasingly, engineers will
be called upon to design avionics, automotive, and geophysical electronic systems
requiring components and packaging reliable to 200 °C and beyond. Until now,
however, they have had no single resource on high temperature electronics to
assist them. Such a resource is critically needed, since the design and manufacture
of electronic components have now made it possible to design electronic systems
that will operate reliably above the traditional temperature limit of 125 °C.
However, successful system development efforts hinge on a firm understanding of
the fundamentals of semiconductor physics and device processing, materials
selection, package design, and thermal management, together with a knowledge
of the intended application environments. High Temperature Electronics brings
together this essential information and presents it for the first time in a unified
way. Packaging and device engineers and technologists will find this book required
reading for its coverage of the techniques and tradeoffs involved in materials
selection, design, and thermal management and for its presentation of best design
practices using actual fielded systems as examples. In addition, professors and
students will find this book suitable for graduate-level courses because of its
detailed level of explanation and its coverage of fundamental scientific concepts.
Experts from the field of high temperature electronics have contributed to nine
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chapters covering topics ranging from semiconductor device selection to testing
and final assembly.

Solder Joint Technology
Micro- and Opto-Electronic Materials and Structures: Physics,
Mechanics, Design, Reliability, Packaging
Rapid Solidification Processing of molten metals and alloys has proved to be a
reliable route for producing new and advanced materials. The Chill-Block Melt Spin
(CBMS) technique is important because its simplicity, flexibility and perfection.
High quality materials can be produced with lower costs, as compared to other
routes, by refining the microstructure and trapping the nucleated (new) metastable
phases. Melt-spun ribbons subsequently produced can then be consolidated to
produce billets and sheets that can be used in many industries especially high-tech
industries such as aerospace and racing automobiles. This book contains several
perspectives about CBMS technology and should be a useful review for
undergraduate and post-graduate metallurgy students.

Lead Free Solder
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The European Union’s directive banning the use of lead-based (Pb) solders in
electronic consumer products has created an urgent need for research on solder
joint behavior under various driving forces in electronic manufacturing, and for
development of lead-free solders. This book provides a comprehensive
examination of advanced materials reliability issues related to copper-tin reaction
and electromigration in solder joints, and presents methods for preventing
common reliablity problems.
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