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Advanced Electronic Packaging
Fundamentals of Lead-Free Solder Interconnect Technology
Discusses the growth mechanisms of tin whiskers and the effective mitigation
strategies necessary to reduce whisker growth risks This book covers key tin
whisker topics, ranging from fundamental science to practical mitigation
strategies. The text begins with a review of the characteristic properties of local
microstructures around whisker and hillock grains to identify why these particular
grains and locations become predisposed to forming whiskers and hillocks. The
book discusses the basic properties of tin-based alloy finishes and the effects of
various alloying elements on whisker formation, with a focus on potential
mechanisms for whisker suppression or enhancement for each element. Tin
whisker risk mitigation strategies for each tier of the supply chain for high
reliability electronic systems are also described. Discusses whisker formation
factors including surface grain geometry, crystallographic orientation-dependent
surface grain boundary structure, and the localization of elastic strain/strain energy
density distribution Examines how whiskers and hillocks evolve in time through
real-time studies of whisker growth with the scanning electron microscope/focused
ion beaming milling (SEM/FIB) Covers characterization methods of tin and tin-based
alloy finishes such as transmission electron microscopy (TEM), scanning electron
microscopy (SEM), and electron backscatter diffraction (EBSD) Reviews theories of
mechanically-induced tin whiskers with case studies using pure tin and other leadPage 1/12
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free finishes shown to evaluate the pressure-induced tin whiskers Mitigating Tin
Whisker Risks: Theory and Practice is intended for the broader electronic
packaging and manufacturing community including: manufacturing engineers,
packaging development engineers, as well as engineers and researchers in high
reliability industries.

Advanced Flip Chip Packaging
Lead-Free Electronics
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.

The Software Encyclopedia
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.

MEMS and Nanotechnology, Volume 5
Provides in-depth knowledge on novel materials that make electronics work under
high-temperature and high-pressure conditions This book reviews the state of the
art in research and development of lead-free interconnect materials for electronic
packaging technology. It identifies the technical barriers to the development and
manufacture of high-temperature interconnect materials to investigate into the
complexities introduced by harsh conditions. It teaches the techniques adopted
and the possible alternatives of interconnect materials to cope with the impacts of
extreme temperatures for implementing at industrial scale. The book also
examines the application of nanomaterials, current trends within the topic area,
and the potential environmental impacts of material usage. Written by worldrenowned experts from academia and industry, Harsh Environment Electronics:
Interconnect Materials and Performance Assessment covers interconnect materials
based on silver, gold, and zinc alloys as well as advanced approaches utilizing
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polymers and nanomaterials in the first section. The second part is devoted to the
performance assessment of the different interconnect materials and their
respective environmental impact. -Takes a scientific approach to analyzing and
addressing the issues related to interconnect materials involved in high
temperature electronics -Reviews all relevant materials used in interconnect
technology as well as alternative approaches otherwise neglected in other
literature -Highlights emergent research and theoretical concepts in the
implementation of different materials in soldering and die-attach applications
-Covers wide-bandgap semiconductor device technologies for high temperature
and harsh environment applications, transient liquid phase bonding, glass frit
based die attach solution for harsh environment, and more -A pivotal reference for
professionals, engineers, students, and researchers Harsh Environment Electronics:
Interconnect Materials and Performance Assessment is aimed at materials
scientists, electrical engineers, and semiconductor physicists, and treats this
specialized topic with breadth and depth.

Here, the People Rule
Electronic Business
The management magazine for the electronics industry.

Electronic and Photonics Packaging
Design News
This report examines the relationship between environmental and health related
requirements and market access for developing countries. It considers the key
issues involved, and identifies policy options at the national and multilateral levels
to assist developing countries to strengthen capacity in order to effectively
respond to the trade and development opportunities and challenges presented by
these requirements in export markets. It covers both general and sectoral
analyses, focusing on two sectors where environmental requirements are critical to
market access, relating to electrical and electronic equipment and organic
agricultural products.

The Smt Step-by-Step Collection 2006
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
solutions in harsh environments such as in the automotive and
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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.

3D Microelectronic Packaging
Based on the results of a more than two-year study, Lead-Free Electronics: iNEMI
Projects Lead to Successful Manufacturing is the first practical, primary reference
to cover Pb-free solder assembly as well as the analysis and reasoning behind the
selection of Sn-Ag-Cu as the recommended Pb-free replacement for Sn-Pb.
Reflecting the results of a two-year study, Lead-Free Electronics: iNEMI Projects
Lead to Successful Manufacturing provides full coverage of the issues surrounding
the implementation of Pb-free solder into electronic board assembly. This book is
extremely timelyâ??most electronic manufacturers are going to change over to Pb
free soldering by 2006 to meet new European laws. All manufacturers around the
globe are going to be affected by this change. The text provides specific results
from the thirty company NEMI project activities. It contains integrated and fully
documented book chapters with references to existing published work in the area.
These serve as tremendous resources for engineers and companies faced with
making the switch to Pb-free solder assembly.

Lead-free Electronics
The Printed Circuit Assembler's Guide to Low-Temperature
Soldering
Manufacturing a Better Future for America
Emerging economies, social and political transitions, and new ways of doing
business are changing the world dramatically. To be the leader in this competitive
climate, a defense manufacturing enterprise will require up-to-date capabilities,
which include improvements in materials processing, among other things. Also,
national and international efforts to mitigate environmentally harmful effects of
industrial processes and to improve decision making for handling and disposing of
industrial contaminants adds additional requirements for any future efforts. The
objective of retaining high-value materials-related manufacturing as a key national
competitive capability implies a number of factors. The value of specific
manufacturing capabilities could be defined not only in terms of criticality to
defense systems but also in relation to technology and knowledge content,
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importance as a supplier to other industries, and importance to U.S. exports.
Requested by Department of Defense (DoD) communities, the National Academies
of Sciences, Engineering, and Medicine held a workshop in March 2015 to further
explore materials and manufacturing processes. The participants explored changes
in the global R&D landscape, technology awareness mechanismsâ€"both DoD's
mechanisms and other modelsâ€"and collaboration models and issues in R&D. This
publication summarizes the presentations and discussions from the workshop.

Lead-Free Electronics
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
research.

Globalization of Defense Materials and Manufacturing
Mitigating Tin Whisker Risks
F & S Index United States Annual
Discusses the growth mechanisms of tin whiskers and the effective mitigation
strategies necessary to reduce whisker growth risks This book covers key tin
whisker topics, ranging from fundamental science to practical mitigation
strategies. The text begins with a review of the characteristic properties of local
microstructures around whisker and hillock grains to identify why these particular
grains and locations become predisposed to forming whiskers and hillocks. The
book discusses the basic properties of tin-based alloy finishes and the effects of
various alloying elements on whisker formation, with a focus on potential
mechanisms for whisker suppression or enhancement for each element. Tin
whisker risk mitigation strategies for each tier of the supply chain for high
reliability electronic systems are also described. Discusses whisker formation
factors including surface grain geometry, crystallographic orientation-dependent
surface grain boundary structure, and the localization of elastic strain/strain energy
density distribution Examines how whiskers and hillocks evolve in time through
real-time studies of whisker growth with the scanning electron microscope/focused
ion beaming milling (SEM/FIB) Covers characterization methods of tin and tin-based
alloy finishes such as transmission electron microscopy (TEM), scanning electron
microscopy (SEM), and electron backscatter diffraction (EBSD) Reviews theories of
mechanically-induced tin whiskers with case studies using pure tin and other leadfree finishes shown to evaluate the pressure-induced tin whiskers Mitigating Tin
Whisker Risks: Theory and Practice is intended for the broader electronic
packaging and manufacturing community including: manufacturing engineers,
packaging development engineers, as well as engineers and researchers in high
reliability industries.
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Printed Circuits Handbook
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.

The ELFNET Book on Failure Mechanisms, Testing Methods,
and Quality Issues of Lead-Free Solder Interconnects
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
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.

Implementing Lead-Free Electronics
This volume sheds new light on the geography and the history of the Chimney
Rock Archaeological Area in southwestern Colorado. Home until the mid-twelfth
century to the ancestral Pueblo peoples, the Chaco Canyon and Chimney Rock
area holds a wealth of information for present-day archaeologists to uncover. The
contributors suggest varied pre-historical uses for the towering double spires of
Chimney Rock: as a logging camp, military garrison, home of Chacoan priests,
astronomical observatory, and/or ceremonial-pilgrimage center. Chimney Rock:
The Ultimate Outlier is a model of multi-faceted inquiry into a physically intriguing
and certainly symbol-laden ancient North American residential site.

Electronics World
Proven 2D and 3D IC lead-free interconnect reliability techniques Reliability of
RoHS-Compliant 2D and 3D IC Interconnects offers tested solutions to reliability
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problems in lead-free interconnects for PCB assembly, conventional IC packaging,
3D IC packaging, and 3D IC integration. This authoritative guide presents the latest
cutting-edge reliability methods and data for electronic manufacturing services
(EMS) on second-level interconnects, packaging assembly on first-level
interconnects, and 3D IC integration on microbumps and through-silicon-via (TSV)
interposers. Design reliable 2D and 3D IC interconnects in RoHS-compliant projects
using the detailed information in this practical resource. Covers reliability of: 2D
and 3D IC lead-free interconnects CCGA, PBGA, WLP, PQFP, flip-chip, lead-free SAC
solder joints Lead-free (SACX) solder joints Low-temperature lead-free (SnBiAg)
solder joints Solder joints with voids, high strain rate, and high ramp rate VCSEL
and LED lead-free interconnects 3D LED and 3D MEMS with TSVs Chip-to-wafer
(C2W) bonding and lead-free interconnects Wafer-to-wafer (W2W) bonding and
lead-free interconnects 3D IC chip stacking with low-temperature bonding TSV
interposers and lead-free interconnects Electromigration of lead-free microbumps
for 3D IC integration

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
Micro/Nanomechanics In-situ Techniques Mechanics of Graphene Indentation and
Small Scale Testing MEMS

Lead-Free Solder Interconnect Reliability
Focused on technological innovations in the field of electronics packaging and
production, this book elucidates the changes in reflow soldering processes, its
impact on defect mechanisms, and, accordingly, the troubleshooting techniques
during these processes in a variety of board types. Geared toward electronics
manufacturing process engineers, design engineers, as well as students in process
engineering classes, Reflow Soldering Processes and Troubleshooting will be a
strong contender in the continuing skill development market for manufacturing
personnel. Written using a very practical, hands-on approach, Reflow Soldering
Processes and Troubleshooting provides the means for engineers to increase their
understanding of the principles of soldering, flux, and solder paste technology. The
author facilitates learning about other essential topics, such as area array
packages--including BGA, CSP, and FC designs, bumping technique, assembly, and
rework process,--and provides an increased understanding of the reliability failure
modes of soldered SMT components. With cost effectiveness foremost in mind, this
book is designed to troubleshoot errors or problems before boards go into the
manufacturing process, saving time and money on the front end. The author's vast
expertise and knowledge ensure that coverage of topics is expertly researched,
written, and organized to best meet the needs of manufacturing process
engineers, students, practitioners, and anyone with a desire to learn more about
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reflow soldering processes. Comprehensive and indispensable, this book will prove
a perfect training and reference tool that readers will find invaluable. Provides
engineers the cutting-edge technology in a rapidly changing field Offers in-depth
coverage of the principles of soldering, flux, solder paste technology, area array
packages--including BGA, CSP, and FC designs, bumping technique, assembly, and
the rework process

Assembly and Reliability of Lead-Free Solder Joints
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
chip technology is continuing to grow in order to meet the need for products that
offer better performance, are smaller, and are environmentally sustainable.

Trade and Environment Review 2006
The Surface Mount Technology columns, the “Step Series,” are a mainstay in the
semiconductor industry. Written by prominent industry leaders, each column from
the 2005 year and published in SMT, addresses a critical 'step' in the
manufacturing process, from the initial design stages through final rework. This
technology driven series represents the most advanced research and creative
solutions for the one of the most complex and capital intense industries in the
world economy. In addition to the step series, SMT also includes its lead-free series
of columns published in 2005. As the world prepares for lead-free manufacturing
and the enactment of the Restrictions on Hazardous Materials directive, massive
changes are happening for the surface mount assembly sector. The inclusion of
these articles represents a year's worth of counsel, technology and research at a
critical time for the industry. Key features include: --Best practices and innovative
ideas for surface mount assemblers --How to guidelines in the conversion to leadfree manufacturing --Insight into the new WEEE and RoHS directives --Guest essay
by longetime SMT columnist Rob Rowland on the state of the industry. The Surface
Mount Technology columns, the “Step Series,” are a mainstay in the
semiconductor industry. Written by prominent industry leaders, each column from
the 2005 year and published in SMT, addresses a critical 'step' in the
manufacturing process, from the initial design stages through final rework. This
technology driven series represents the most advanced research and creative
solutions for the one of the most complex and capital intense industries in the
world economy. In addition to the step series, SMT also includes its lead-free series
of columns published in 2005. As the world prepares for lead-free manufacturing
and the enactment of the Restrictions on Hazardous Materials directive, massive
changes are happening for the surface mount assembly sector. The inclusion of
these articles represents a year's worth of counsel, technology and research at a
critical time for the industry. Key features include: --Best practices and innovative
ideas for surface mount assemblers --How to guidelines in the conversion to leadfree manufacturing --Insight into the new WEEE and RoHS directives --Guest essay
by longetime SMT columnist Rob Rowland on the state of the industry.
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Materials for Advanced Packaging
This book covers state-of-the-art technologies, principles, methods and industrial
applications of electronic waste (e-waste) and waste PCB (WPCB) recycling. It
focuses on cutting-edge mechanical separation processes and pyro- and hydrometallurgical treatment methods. De-soldering, selective dismantling, and dry
separation methods (including the use of gravity, magnetic and electrostatic
techniques) are discussed in detail, noting the patents related to each. The volume
discusses the available industrial equipment and plant flowsheets used for WPCB
recycling in detail, while addressing potential future directions of the field. This
practical, comprehensive, and multidisciplinary reference will appeal to
professionals throughout global industrial, academic and government institutions
interested in addressing the growing problem of e-waste. Covers principles,
methods and industrial applications of e-waste and PCB recycling; Details state-ofthe-art mechanical separation processes and pyro- and hydro-metallurgical
treatment methods; Describes the available industrial equipment used and plant
flowsheets for PCB recycling and addresses potential future developments of this
important field.

Lead-Free Solder Process Development
Based on the results of a more than two-year study, Lead-Free Electronics: iNEMI
Projects Lead to Successful Manufacturing is the first practical, primary reference
to cover Pb-free solder assembly as well as the analysis and reasoning behind the
selection of Sn-Ag-Cu as the recommended Pb-free replacement for Sn-Pb.
Reflecting the results of a two-year study, Lead-Free Electronics: iNEMI Projects
Lead to Successful Manufacturing provides full coverage of the issues surrounding
the implementation of Pb-free solder into electronic board assembly. This book is
extremely timelyâ??most electronic manufacturers are going to change over to Pb
free soldering by 2006 to meet new European laws. All manufacturers around the
globe are going to be affected by this change. The text provides specific results
from the thirty company NEMI project activities. It contains integrated and fully
documented book chapters with references to existing published work in the area.
These serve as tremendous resources for engineers and companies faced with
making the switch to Pb-free solder assembly.

Lead-Free Soldering
This book updates the book, Advanced Electronic Packaging: With Emphasis on
Multichip Modules, Ed. W.D. Brown, IEEE Press, copyright 1999. The original edition
of the book has been widely adopted by industry and has been and is still being
adopted by universities for graduate courses.

Electronic Waste and Printed Circuit Board Recycling
Technologies
High-Speed Signal Propagation: Advanced Black Magic brings together state-of-theart techniques for building digital devices that can transmit faster and farther than
ever before. Dr. Howard Johnson presents brand-new examples and design
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guidance, and a complete, unified theory of signal propagation for all metallic
media. Coverage includes: understanding signal impairments; managing
speed/distance tradeoffs; differential signaling; inter-cabinet connections; clock
distribution; simulation, and much more.

Chimney Rock
Reflow Soldering Processes and Troubleshooting
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,
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.

EDN
This volume provides a comprehensive reference for graduate students and
professionals in both academia and industry on the fundamentals, processing
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.

Recent Progress inSoldering Materials
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
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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
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-speed Signal Propagation
This thorough review of the fundamental principles associated with signal integrity
provides engineering principles behind signal integrity effects, and applies this
understanding to solving problems.

Signal Integrity
Lead-free Soldering Process Development and Reliability
Presents a revised version of the Seegars Lecture given in October 1992 at the
Valparaiso University School of Law

Harsh Environment Electronics
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.

Reliability of RoHS-Compliant 2D and 3D IC Interconnects
Publisher Description
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