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Brief Introduction

This book is a monograph about Mechatronic Reliability, an emerging
branch of modern technology. The readers of the book may include profes-
sionals,graduate students and even senior undergraduates who are engaged
in researches of solid mechanics, material sciences, microelectronics, solid
state physics and mechanical engineering. The contents of mechatronic relia-
bility unfold according to the sequence of Electric Failures,Mechanical-Elec-
trical Coupling, Domain Switching and Mass Flow Instability. Part I of the
book discusses the phenomenological theory about electric fracture, electric
fatigue and current induced mass flow instability. Part [l presents the consti-
tutive formulation of linear piezoelectrics,relaxor ferroelectrics and ferroelec-
trics with domain switching, with attention focused on the characterization of
defect fields manifested by the coupling in macroscopic field equations. Part
I explores mechanisms of mechatronic failures associated with domain
switching. The contents cover theory and experiments of domain switch,
fracture toughness and polarization, alternating switch and fatigue crack
growth. The final part elucidates the mechanisms related to mass flow
instability, such as mass flow under mechanical &. electric fields,microstruc-
tural evolution and failure by mass flow instability.

Various subjects endeavored in the book are positioned in the interdisci-
plinary area between mechanics and electronics. Typical failure modes for
materials under electrical and/or mechanical loading are identified. Analyses
devoted to those failure modes reveal their mechanisms, and lead to the

establishment of new theories that serve to assess their reliability.
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FORWARD to “Mechatronic Reliability”’by Wei Yang

Historically, mechanics thrives whenever it participates in advancing a
new technology. The language finds new variants, the tools unravel new
mysteries. There are,however,only a finite number of basic mechanics prob-
lems in a given technology. When these problems are solved,some of us stay
and evolve with the technology,and others move on to newer technologies. In
the past two centuries, mechanics has impacted all major technologies-con-
struction, transportation,and energy. The dazzling success makes us feel, at
times,intellectually settled. But never should it blind us from new opportuni-
ties, Only in confronting new challenges do we realize how immature our sci-
ence is.

In the coming decades one major source of challenges will be microelec-
tronics and communication systems. The feature size in integrated circuits is
now about a tenth of a micron-meter. Nanostructures are being developed for
photonic networks. Both technologies involve diverse materials. Each func-
tional part in a device is subject to intense thermodynamic forces-thermal,
mechanical,electrical and chemical-all acting within a small dimension. In re-
sponse, the part evolves by atomic movements along various paths. Maintai-
ning structural stability is a recurring challenge in electronics industry as the
size continues to shrink. To meet reliability requirements,all major industrial
laboratories are doing testing on various aspects of the problem. A few re-
search groups have appeared in leading universities worldwide. As we explore
behaviors of nanostructures, forces of less familiar origins manifest them-
selves. They assemble the“self-assembled”structures.

Professor Wei Yang is a leader of this exciting field. In the last few
years, he and his collaborators have made seminal contributions. Through
thesis of his students and several review articles, Professor Yang has been
shaping this young field. In this book, he focuses on two phenomena: ferro-
electricity and electromigration. Both phenomena couple mechanical and elec-
trical actions. This book describes technological background, basic physics,

experimental findings, and theoretical developments. The reader is brought



from basic concepts to up-to-date literature. This book is the first in the
emerging field. Not only does it synthesize the studies of the two chosen
phenomena, it also provides a perspective on how other phenomena might be
approached. The study of evolving small structures will position the solid
mechanics discipline at the frontier of major technologies of out time. The

field is wide open.

Z. Sou
Princeton,New Jersey
June 2000
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