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Foreword

By C. P. Wong

Modeling and simulation of microelectronic packaging and assembly is a multi-disciplinary activity that
relies on the expertise of sequence dependant complex processes, almost all the material types, and
detailed process windows; a very challenging task for both academic people and practicing engineers.
Modeling and simulation has been classified in the ITRS Roadmap in the past years as being one of the
cross cutting technologies that must be mastered to enable rapid progress in this first industry. The
importance of modeling and simulation has been witnessed by the increasing number of design engineers
in each corporation from 20% in the early 1980s to 80% in the late 2000s in terms of recruited engineers, as
it is essential to design and make the product the first time right.

The most popular methodology of design and manufacturing is called Design for X (DFX, here X refers
to manufacturing, assembly, testing, reliability, maintenance, environment, and even cost), which has
been widely adopted by those multinational and small high tech start-up companies. The design
methodology is being adjusted to meet the requirements of a full-life cycle, the so called “concept/
cradle-to-grave” product responsibility, coined by Dr. Walter L. Winterbottom of Ford Science Lab.

A packaging module and related application systems, like any other electronic systems, involve a lot of
manufacturing processes from film deposition, etching, chip to wafer and wafer to wafer bonding, dicing/
sigulation, and extensive reliability testing for extended-life goals of many critical products such as those
used for automobile electronics, avionics, portable electronics, and so on. The defects in terms of voids,
cracks, delaminations, and microstructure changes, can be induced in any step and may interact and grow
in subsequent steps, imposing extreme demands on the fundamental understanding of stressing and
physics of failures. Currently, the testing programs have been extensive to assure reliability during
product development. An iterative, build-test-fix-later process has long been used in new product
development, significant concerns are being addressed as cost effective and fast time-to-market needs
may not be achievable with such an approach. In the sense of high reliability, system hardware design and
manufacturing and testing are costly and time consuming, and severely limit the number of design choices
within the short time frame, and do not allow enough time to explore the optimal design. With the current
situation of three to six months for each generation of IC chip, it is challenging to achieve truly optimal and
innovative products with so many constraints in design. Design procedure must be modified and DFX
must be used so as to achieve prevention with integrated consideration of manufacturing processes,
testing, and operation.

Although there is still a long way to go to enable virtual manufacturing, virtual reliability and virtual
testing due to the many difficulties involved, pioneering efforts have been made since the early 1990s by
outstanding professionals to shorten the gap significantly, and Professor Sheng Liu and Dr. Yong Liu are
two of those brave individuals. Professor Sheng Liu and Dr. Yong Liu have been promoting the new design
method in the past years to help assist engineers in material selection, manufacturing yield enhancement,
appropriate rapid reliability assessment, and testing when the packaging module and system are subjected
to uncertainties of material selection, process windows, and various service loadings. All these issues
must be addressed prior to hardware build-up and test.
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A lot of processes were first time modeled and simulated by the two authors, addressing the critical
importance of modeling in manufacturing, reliability, and testing. Many books about packaging have been
written. Some books have been written in which mechanics has been applied to reliability issues only. This
is the first book focusing on the many detailed processes in front end, back end, even probing, wire
bonding, bonding, and so on. It is the first book to cover the broad aspects from manufacturing to
reliability, and to testing, with many examples of their pioneering efforts. The authors describe their
contributions in detail and provide guidance to those in the field and present a design approach that must
ultimately replace the build-test-fix-later process if the efficiencies and potential cost benefits of the

microelectronic packaging systems are to be fully realized.

C.P. Wong

IEEE Fellow

Member of Academy of Engineering of the USA

Former Bell Labs Fellow

Regents” Professor, Georgia Institute of Technology. Atlanta, GA 30332



Foreword

By Zhigang Suo

The dramatic rise of the semiconductor industry is fundamentally changing our lives. Memory devices
store all human experience, or at least the part that can be digitized. Solid-state lighting saves energy.
Biochips detect cancers early and at low cost. Our brains are being scanned to unravel the molecular basis
of happiness and despair. The world has become a giant computer, connecting people to people, and to a
multitude of devices that extend our senses. The distinction between the computer and the human may one
day become a matter of choice.

The exciting future aside, the semiconductor industry is facing major challenges. As the features on
chips shrink, approaching the nanoscale, the cost for chip-making equipment has been increasing.
Diverse functions are being packaged, as represented by cell phones, power clectronics, MEMS, solar
cells. and deformable electronics. Complex manufacturing processes inevitably generate defects,
which may lower the yield or result in low returns. For an industry particularly sensitive to cost and
time-to-market, it has become increasingly difficult to create technologies and design products by using
the trial-and-error approach.

Simulation based on mechanics has long been important for the aerospace and automobile industries,
and is becoming more and more important in the semiconductor industry. The strong industrial needs have
attracted many researchers to develop methods to simulate manufacturing processes and testing methods.
While the dream of virtual manufacturing and virtual testing may not fully come true in the near future,
simulation has already begun to reduce the amount of trial-and-error manufacturing and uncontrolled
testing. The sustained effort will make the technology greener.

The authors of this book, Professor Sheng Liu and Dr. Yong Liu, are outstanding researchers and
engineers. Since early 1990s, they have been intimately involved in pioneering efforts in simulating
almost all the major manufacturing processes, ranging from plastic packaging to nano welding. They have
devoted their careers to building material databases, developing constitutive models, finding ways to
validate the models, constantly refining them, and using the models to solve practical problems. They have
applied mechanics to various industry sectors, including commercial electronics, automobile electronics.,
powering electronics, CPUs, micro sensors, and solid-state lighting. Their experience is distilled in this
book. The book is an important addition to mechanics and microelectronics, as well as to other industries
that involve sophisticated manufacturing processes and testing methods.

Zhigang Suo, PhD

Allen E. and Marilyn M. Puckett Professor of Mechanics and Materials

School of Engineering and Applied Sciences, Kavli Institute for Bionano Science and Technology
Member of the U.S. National Academy of Engineering

ASME Fellow

Harvard University

Cambridge, Massachusetts 02138, USA



Preface

Over the past two decades semiconductor technology has made impressive progress, particularly in
electronics, opto electronics, communications, health, automotive applications, computing, consumer
electronics, security, and industrial electronics. These progresses are powered by Moore’s law which is
focusing on IC miniaturization down to nano dimensions and system on chip (SoC) integration. However,
there are technologies based on or derived from silicon technologies but which do not simply scale with
Moore's law such as the RF, power electronics, sensors, MEMS, opto/lighting and other systems in
package; these technologies are called “More than Moore”. Along with the technology development
trends characterized by Moore’s law and “More than Moore”, the business trends are mainly characterized
by cost reduction, shortertime-to-market, and outsourcing. The combination of these technology and
business trends leads to increased design complexity, decreased design margins, increased chances and
consequences of failure in reliability, decreased product development in R&D, and difficulties in
assembly manufacture and qualification times. Especially in the assembly manufacturing process, quality
and reliability are key technologies to ensure a successful product. In addition to the forward looking
trends of technology it is important to recognize that the methods for concurrent engineering of these
solutions (both the semiconductor content and high performance package capability) are becoming
increasingly dependent on rigorous use of proven multi-physics/finite element analysis (FEA) tools and
techniques for both new product development and its assembly processes. The correct use of the modeling
tool can definitely save design time and shorten the design cycle. The challenges are along with the
development of new package technology; can the modeling tools and methodologies be ready to support
the new trends? Examples are various designs, reliability and assembly manufacture modeling which
include electro migration simulation; diffusion along the interface of two metal materials; contamination
at the interface between leadframe, multiple chips and EMC; thermal resistance definition in system in
package (SiP); 3D copper stud bumping, wire bonding simulation, and so on.

Most challenges in modeling for electronic packaging today are the fundamental multiple-physics
simulation which couples the electrical, thermal, and mechanical fields for various assembly manufactur-
ing processes and for various reliability tests. Development of a highly efficient modeling algorithm for
such a SiP system is critical for the virtual prototyping of the new product. In some cases, the SiP might
have strong thermal mechanical performance but is weak in the electrical area, or the SiP has very good
electrical performance but is weak in thermal-mechanical design. Therefore, it is necessary to establish
the best solution using the modeling design of experiment (DoE) while the actual tests or actual assembly
manufacturing will cost more and take much longer.

In industry, we all understand the importance of assembly manufacturing, reliability, and testing,
because a lot of packaging failures are related to the assembly process. Examples include the wire bonding
process, which would induce silicon cratering, bond pad peel off, and interlayer dielectric (ILD) layer
under bond pad cracking; die attaching process for multiple die; the order of the die attaching process will
have a big impact on the residual stress after the die bonding. When thin die (today the thinnest die
thickness would be below 20 microns) is picked up from the tape, the pick-up process could crack the
silicon. The molding process is also a key process which could induce later failure, such as delamination
due to the voids tracked in the interface between the leadframe and encapsulate molding compound
(EMC). Leadframe forming, punch/simulation, and trim may result in the die and package cracking as
well. A lot of initial tiny defects are induced in first assembly manufacture process; later in the further
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assembly process and reliability test, they become potential product quality and reliability concerns. An
example is wafer sorting, which will induce the cratering/marks on the bond pad. When the wire bonding
process is applied to the cratered/marked bond pad, it will definitely impact the adhesion strength at the
interface between the wire bond and the bond pad. Product line engineers are always interested in knowing
wire bonding versus wafer probing; which makes things worse? The study of assembly manufacture
processes through modeling and simulation started from the beginning of the IC packaging, and today the
need for modeling and simulation in this area has increased much more. However, at the present time,
there is no book that has systematically described the modeling methodologies for assembly manufactur-
ing, reliability, and testing, as well as discussing the above challenges and giving the readers some
unresolved space for further exploring. This is our goal in writing this book; to share our modeling
experiences and systematically introduce our modeling methodologies for electronic packaging assembly
manufacturing, reliability and testing.

This book is primarily concerned with studies of electronic packaging in assembly manufacture
processes and failure mechanisms in assembly manufacture processes and tests through modeling and
simulation. However, the fundamental studies regarding the advanced modeling methodologies including
molecular dynamics, state of the art simulation algorithms, material constitutive relations, material
behavior testing, and various semiconductor reliability tests are also discussed and presented in the book.
Various package layouts including the 3D/TSV/Stacking/SiP, carbon nano-tube and interconnects
technology, opto packaging, and MEMS are discussed and presented in the book as well. A lot of case
studies provide the most advanced research progress and the topics that industry is interested in. The basic
framework of this book is arranged in four parts, the first part (Part I) includes eight chapters that introduce
the fundamental mechanics concepts, material constitutive models, basic modeling methodologies such
as finite element, and the concurrent engineering background for microelectronics. This part is to provide
readers with the background knowledge for modeling and simulation, mechanics, material, and the
engineering. The next part (Part II) is concerned with the modeling in microelectronic packaging and the
assembly manufacturing process which includes five chapters. Major topics include the electronic
packaging front of line (which involves key processes such as wafer sorting, die picking up, die attach
process, wire bonding); end of line (which includes molding, leadframe clamping, forming, and
singulation); Opto packaging assembly; MEMS packaging assembly; system in packaging stack/3D
assembly and the Nano interconnects and packaging assembly. Part III describes the modeling in
reliability and testing which includes the wafer probing test and typical package reliability tests such as the
temperature cycle test, power cycle test, drop test, electro-migration test, precondition test with reflow
which includes moisture sensitivity test, vapor pressure at reflow with the popcorning failure mechanisms.
The advanced simulation algorithm will be presented especially in the wafer level CSP solder joint
reliability in drop test, temperature cycling, and the mass migration induced failure which includes
electro migration, thermal migration, stress migration, and the atomic density gradient induced migration.
The final part will introduce the modern modeling and simulation methodologies which include the
classical molecular dynamics, advanced molecular dynamics, and coupling with continuum modeling
methods. This part will disclose how the modern modeling and simulation methodologies will impact the
assembly manufacturing, reliability and the testing for today and future advanced package development.
An appendix is available on the book companion web site for those who like to know more detail about
finite element.

Sheng Liu, PhD, ASME Fellow, IEEE Senior Member
Changliang Scholar Professor

School of Mechanical Science and Engineering

and Wuhan National Laboratory for Optoelectronics
Huazhong University of Science and Technology
Wuhan, Hubei, China

Yong Liu, PhD, IEEE Senior Member

Fairchild Senior Member of Tech Staff
Fairchild Semiconductors Corporation

South Portland, USA
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