Advanced Electronic Packaging With Emphasis On
Multichip Modules leee Press Series On Microelectronic
Systems

About five to six years ago, the words 'packaging and manufacturing' started to be used
together to emphasize that we have to make not only a few but thousands or even
millions of packages which meet functional requirements. The aim of this book is to
provide the much needed reviews and in-depth discussions on the advanced topics
surrounding packaging and manufacturing. The first chapter gives a comprehensive
review of manufacturing chal lenges in electronic packaging based on trends predicted
by different resources. Almost all the functional specifications have already been met by
technologies demonstrated in laboratories. However, it would take tremendous efforts
to implement these technologies for mass production or flexible manufacturing. The
topics crucial to this implementation are discussed in the following chapters: Chapter 2:
Challenges in solder assembly technologies; Chapter 3: Testing and characterization;
Chapter 4: Design for manufacture and assembly of electronic packages; Chapter 5:
Process modeling, optimization and control in electronics manufacturing; and Chapter
6: Integrated manufacturing system for printed circuit board assembly. The electronics-
based products are very competitive and becoming more and more application-specific.
Their packages should fulfill cost, speed, power, weight, size, reliability and time-to-
market requirements. More importantly, the packages should be manufacturable in
mass or flexible production lines. These chapters are excellent references for
professionals who need to meet the challenge through design and manufacturing
improvements. This book will also introduce students to the critical issues for
competitive design and manufacturing in electronic packaging.

For the new millenium, Wai-Kai Chen introduced a monumental reference for the
design, analysis, and prediction of VLSI circuits: The VLSI Handbook. Still a valuable
tool for dealing with the most dynamic field in engineering, this second edition includes
13 sections comprising nearly 100 chapters focused on the key concepts, models, and
equations. Written by a stellar international panel of expert contributors, this handbook
is a reliable, comprehensive resource for real answers to practical problems. It
emphasizes fundamental theory underlying professional applications and also reflects
key areas of industrial and research focus. WHAT'S IN THE SECOND EDITION?
Sections on... Low-power electronics and design VLSI signal processing Chapters on...
CMOS fabrication Content-addressable memory Compound semiconductor RF circuits
High-speed circuit design principles SiGe HBT technology Bipolar junction transistor
amplifiers Performance modeling and analysis using SystemC Design languages,
expanded from two chapters to twelve Testing of digital systems Structured for
convenient navigation and loaded with practical solutions, The VLSI Handbook, Second
Edition remains the first choice for answers to the problems and challenges faced daily
in engineering practice.

Solder Joint Reliability Prediction for Multiple Environments will provide industry
engineers, graduate students and academic researchers, and reliability experts with
insights and useful tools for evaluating solder joint reliability of ceramic area array
electronic packages under multiple environments. The material presented here is not
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limited to ceramic area array packages only, it can also be used as a methodology for
relating numerical simulations and experimental data into an easy-to-use equation that
captures the essential information needed to predict solder joint reliability. Such a
methodology is often needed to relate complex information in a simple manner to
managers and non-experts in solder joint who work with computer server applications
as well as for harsh environments such as those found in the defense, space, and
automotive industries.

Surveys the electrical and layout perspectives of System-in-Package, the system
integration technology that has emerged as a required technology to reduce the system
board space and height in addition to the overall time-to-market and design cost of
consumer electronics products such as those of cell phones, audio/video players and
digital cameras.

The field of electronic packaging continues to grow at an amazing rate. To be
successful in this field requires analytical skills, a foundation in mechanical engineering,
and access to the latest developments in the electronics field. The emphasis for each
project that the electronic packaging engineer faces changes from project to project,
and from company to company, yet some constants should continue into the
foreseeable future. One of these is the emphasis on ther mal design. Although just a
few years ago thermal analysis of electronic equipment was an afterthought, it is
becoming one of the primary aspects of many packaging jobs. It seems that the days of
just adding a bigger fan to reduce the overheat ing problem are almost over. Replacing
that thought is the up-front commitment to CFD (Computational Fluid Dynamics)
software code, FEA (Finite Element Analysis) software, and the realization that the
problem will only get worse. As the electronic circuit size is reduced, speed is
increased. As the power of these systems increases and the volume allowed
diminishes, heat flux or density (heat per unit area, W/m 2 or Btulh ft2) has spiraled.
Much of the improvement in the reliability and packaging density of electronic circuits
can be traced to advances in thermal design. While air cooling is still used extensively,
advanced heat transfer techniques using exotic synthetic liquids are becoming more
prominent, allowing still smaller systems to be manufactured. The appli cation of
advanced thermal management techniques requires a background in fluid dynamics.
Power Electronic Packaging presents an in-depth overview of power electronic packaging
design, assembly,reliability and modeling. Since there is a drastic difference between IC
fabrication and power electronic packaging, the book systematically introduces typical power
electronic packaging design, assembly, reliability and failure analysis and material selection so
readers can clearly understand each task's unique characteristics. Power electronic packaging
is one of the fastest growing segments in the power electronic industry, due to the rapid growth
of power integrated circuit (IC) fabrication, especially for applications like portable, consumer,
home, computing and automotive electronics. This book also covers how advances in both
semiconductor content and power advanced package design have helped cause advances in
power device capability in recent years. The author extrapolates the most recent trends in the
book's areas of focus to highlight where further improvement in materials and techniques can
drive continued advancements, particularly in thermal management, usability, efficiency,
reliability and overall cost of power semiconductor solutions.

As in the First Edition, each chapter in this new Second Edition is authored by one or more
acknowledged experts and then carefully edited to ensure a consistent level of quality and
approach throughout. There are new chapters on passive devices, RF and microwave
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packaging, electronic package assembly, and cost evaluation and assembly, while organic and
ceramic substrates are now covered in separate chapters. All the hallmarks of the First Edition,
which became an industry standard and a popular graduate-level textbook, have been
retained. An Instructor's Manual presenting detailed solutions to all the problems in the book is
available upon request from the Wiley Makerting Department.

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.

A comprehensive one-volume reference on current JLFET methods, techniques, and research
Advancements in transistor technology have driven the modern smart-device revolution—many
cell phones, watches, home appliances, and numerous other devices of everyday usage now
surpass the performance of the room-filling supercomputers of the past. Electronic devices are
continuing to become more mobile, powerful, and versatile in this era of internet-of-things (1oT)
due in large part to the scaling of metal-oxide semiconductor field-effect transistors
(MOSFETS). Incessant scaling of the conventional MOSFETSs to cater to consumer needs
without incurring performance degradation requires costly and complex fabrication process
owing to the presence of metallurgical junctions. Unlike conventional MOSFETS, junctionless
field-effect transistors (JLFETSs) contain no metallurgical junctions, so they are simpler to
process and less costly to manufacture.JLFETS utilize a gated semiconductor film to control its
resistance and the current flowing through it. Junctionless Field-Effect Transistors: Design,
Modeling, and Simulation is an inclusive, one-stop referenceon the study and research on
JLFETSs This timely book covers the fundamental physics underlying JLFET operation,
emerging architectures, modeling and simulation methods, comparative analyses of JLFET
performance metrics, and several other interesting facts related to JLFETSs. A calibrated
simulation framework, including guidance on SentaurusTCAD software, enables researchers to
investigate JLFETS, develop new architectures, and improve performance. This valuable
resource: Addresses the design and architecture challenges faced by JLFET as a replacement
for MOSFET Examines various approaches for analytical and compact modeling of JLFETSs in
circuit design and simulation Explains how to use Technology Computer-Aided Design
software (TCAD) to produce numerical simulations of JLFETs Suggests research directions
and potential applications of JLFETs Junctionless Field-Effect Transistors: Design, Modeling,
and Simulation is an essential resource for CMOS device design researchers and advanced
students in the field of physics and semiconductor devices.

Nanotechnologies are being applied to the biotechnology area, especially in the area of nano
material synthesis. Until recently, there has been little research into how to implement nano/bio
materials into the device level. “Nano and Bio Electronics Packaging” discusses how
nanofabrication techniques can be used to customize packaging for nano devices with
applications to biological and biomedical research and products. Covering such topics as nano
bio sensing electronics, bio device packaging, NEMs for Bio Devices and much more.

Driven by the fast-growing market for personal electronic devices, integrated
circuit complexity has increased as feature sizes shrink. The resulting integrated
circuit devices are prone to more frequent failures, which must be found,
identified, and fixed. This unique reference uses graphic illustrations to clearly
identify all major failure mode types, allowing engineers to spot failures before

they occur.
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Reliability of Microtechnology discusses the reliability of microtechnology
products from the bottom up, beginning with devices and extending to systems.
The book's focus includes but is not limited to reliability issues of interconnects,
the methodology of reliability concepts and general failure mechanisms. Specific
failure modes in solder and conductive adhesives are discussed at great length.
Coverage of accelerated testing, component and system level reliability, and
reliability design for manufacturability are also described in detail. The book also
includes exercises and detailed solutions at the end of each chapter.

Although materials play a critical role in electronic packaging, the vast majority of
attention has been given to the systems aspect. Materials for Electronic
Packaging targets materials engineers and scientists by focusing on the
materials perspective. The last few decades have seen tremendous progress in
semiconductor technology, creating a need for effective electronic packaging.
Materials for Electronic Packaging examines the interconnections,
encapsulations, substrates, heat sinks and other components involved in the
packaging of integrated circuit chips. These packaging schemes are crucial to the
overall reliability and performance of electronic systems. Consists of 16 self-
contained chapters, contributed by a variety of active researchers from industrial,
academic and governmental sectors Addresses the need of materials
scientists/engineers, electrical engineers, mechanical engineers, physicists and
chemists to acquire a thorough knowledge of materials science Explains how the
materials for electronic packaging determine the overall effectiveness of
electronic systems

This book introduces the exciting and fast-moving field of MOEMS to graduate
students, scientists, and engineers by providing a foundation of both micro-optics
and MEMS that will enable them to conduct future research in the field. Born from
the relatively new fields of MEMS and micro-optics, MOEMS are proving to be an
attractive and low-cost solution to a range of device problems requiring high
optical functionality and high optical performance. MOEMS solutions include
optical devices for telecommunication, sensing, and mobile systems such as v-
grooves, gratings, shutters, scanners, filters, micromirrors, switches, alignment
aids, lens arrays, and hermetic wafer-scale optical packaging. An international
team of leading researchers contributed to this book, and it presents examples
and problems employing cutting-edge MOEM devices. It will inspire researchers

to further advance the design, fabrication, and analysis of MOEM systems.

The multi-billion-dollar microsystem packaging business continues to play an increasingly
important technical role in today’s information industry. The packaging process—including
design and manufacturing technologies—is the technical foundation upon which function chips
are updated for use in application systems, and it is an important guarantee of the continued
growth of technical content and value of information systems. Introduction to Microsystem
Packaging Technology details the latest advances in this vital area, which involves
microelectronics, optoelectronics, RF and wireless, MEMS, and related packaging and

assembling technologies. It is purposefully written so that each chapter is relatively
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independent and the book systematically presents the widest possible overview of packaging
knowledge. Elucidates the evolving world of packaging technologies for manufacturing The
authors begin by introducing the fundamentals, history, and technical challenges of
microsystems. Addressing an array of design techniques for packaging and integration, they
cover substrate and interconnection technologies, examples of device- and system-level
packaging, and various MEMS packaging techniques. The book also discusses module
assembly and optoelectronic packaging, reliability methodologies and analysis, and prospects
for the evolution and future applications of microsystems packaging and associated
environmental protection. With its research examples and targeted reference questions and
answers to reinforce understanding, this text is ideal for researchers, engineers, and students
involved in microelectronics and MEMS. It is also useful to those who are not directly engaged
in packaging but require a solid understanding of the field and its associated technologies.
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.
A revised guide to the theory and implementation of CMOS analog and digital IC design The
fourth edition of CMOS: Circuit Design, Layout, and Simulation is an updated guide to the
practical design of both analog and digital integrated circuits. The author—a noted expert on the
topic—offers a contemporary review of a wide range of analog/digital circuit blocks including:
phase-locked-loops, delta-sigma sensing circuits, voltage/current references, op-amps, the
design of data converters, and switching power supplies. CMOS includes discussions that
detail the trade-offs and considerations when designing at the transistor-level. The companion
website contains numerous examples for many computer-aided design (CAD) tools. Using the
website enables readers to recreate, modify, or simulate the design examples presented
throughout the book. In addition, the author includes hundreds of end-of-chapter problems to
enhance understanding of the content presented. This newly revised edition: « Provides in-
depth coverage of both analog and digital transistor-level design techniques ¢ Discusses the
design of phase- and delay-locked loops, mixed-signal circuits, data converters, and circuit
noise ¢ Explores real-world process parameters, design rules, and layout examples ¢ Contains
a new chapter on Power Electronics Written for students in electrical and computer
engineering and professionals in the field, the fourth edition of CMOS: Circuit Design, Layout,
and Simulation is a practical guide to understanding analog and digital transistor-level design
theory and techniques.

The need for advanced thermal management materials in electronic packaging has been
widely recognized as thermal challenges become barriers to the electronic industry’s ability to
provide continued improvements in device and system performance. With increased
performance requirements for smaller, more capable, and more efficient electronic power
devices, systems ranging from active electronically scanned radar arrays to web servers all
require components that can dissipate heat efficiently. This requires that the materials have
high capability of dissipating heat and maintaining compatibility with the die and electronic
packaging. In response to critical needs, there have been revolutionary advances in thermal
management materials and technologies for active and passive cooling that promise integrable

and cost-effective thermal management solutions. This book meets the need for a
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comprehensive approach to advanced thermal management in electronic packaging, with
coverage of the fundamentals of heat transfer, component design guidelines, materials
selection and assessment, air, liquid, and thermoelectric cooling, characterization techniques
and methodology, processing and manufacturing technology, balance between cost and
performance, and application niches. The final chapter presents a roadmap and future
perspective on developments in advanced thermal management materials for electronic
packaging.

The packaging of electronic devices and systems represents a significant challenge for product
designers and managers. Performance, efficiency, cost considerations, dealing with the newer
IC packaging technologies, and EMI/RFI issues all come into play. Thermal considerations at
both the device and the systems level are also necessary. The Electronic Packaging
Handbook, a new volume in the Electrical Engineering Handbook Series, provides essential
factual information on the design, manufacturing, and testing of electronic devices and
systems. Co-published with the IEEE, this is an ideal resource for engineers and technicians
involved in any aspect of design, production, testing or packaging of electronic products,
regardless of whether they are commercial or industrial in nature. Topics addressed include
design automation, new IC packaging technologies, materials, testing, and safety. Electronics
packaging continues to include expanding and evolving topics and technologies, as the
demand for smaller, faster, and lighter products continues without signs of abatement. These
demands mean that individuals in each of the specialty areas involved in electronics packaging-
such as electronic, mechanical, and thermal designers, and manufacturing and test engineers-
are all interdependent on each others knowledge. The Electronic Packaging Handbook
elucidates these specialty areas and helps individuals broaden their knowledge base in this
ever-growing field.

Interfaces between dissimilar materials are met everywhere in microelectronics and
microsystems. In order to ensure faultless operation of these highly sophisticated
structures, it is mandatory to have fundamental understanding of materials and their
interactions in the system. In this difficult task, the “traditional” method of trial and error
Is not feasible anymore; it takes too much time and repeated efforts. In Interfacial
Compatibility in Microelectronics, an alternative approach is introduced. In this revised
method four fundamental disciplines are combined: i) thermodynamics of materials ii)
reaction kinetics iii) theory of microstructures and iv) stress and strain analysis. The
advantages of the method are illustrated in Interfacial Compatibility in Microelectronics
which includes: solutions to several common reliability issues in microsystem
technology, methods to understand and predict failure mechanisms at interfaces
between dissimilar materials and an approach to DFR based on deep understanding in
materials science, rather than on the use of mechanistic tools, such as FMEA.
Interfacial Compatibility in Microelectronics provides a clear and methodical resource
for graduates and postgraduates alike.

This book shows how nanofabrication techniques and nanomaterials can be used to
customize packaging for nano devices with applications to electronics, photonics,
biological and biomedical research and products. It covers topics such as bio sensing
electronics, bio device packaging, MEMS for bio devices and much more, including:
Offers a comprehensive overview of nano and bio packaging and their materials based
on their chemical and physical sciences and mechanical, electrical and material
engineering perspectives; Discusses nano materials as power energy sources,
computational analyses of nano materials including molecular dynamic (MD)

simulations and DFT calculations; Analyzes nanotubes, superhydrophobic self-clean
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Lotus surfaces; Covers nano chemistry for bio sensor/bio material device packaging.
This second edition includes new chapters on soft materials-enabled packaging for
stretchable and wearable electronics, state of the art miniaturization for active
implantable medical devices, recent LED packaging and progress, nanomaterials for
recent energy storage devices such as lithium ion batteries and supercapacitors and
their packaging. Nano- Bio- Electronic, Photonic and MEMS Packaging is the ideal
book for all biomedical engineers, industrial electronics packaging engineers, and those
engaged in bio nanotechnology applications research.
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