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Preface

Shape memory alloys (SMAs) are materials that, after being severely deformed,
can return to their original shape upon heating. These materials possess a number
of desirable properties, namely, high power to weight (or force to volume) ratio,
thus the ability to induce large transformation stress and strain upon heating/
cooling, pseudoelasticity (or superelasticity), high damping capacity, good chem-
ical resistance and biocompatibility, etc. These unique features have attracted
much attention to the potential applications of SMAs as smart (or intelligent) and
functional materials. More recently, thin film SMAs have been recognized as a new
type of promising and high-performance material for microelectromechanical
system (MEMS) and biological applications.

Among these SMA films, TiNi based films are the most promising ones. They are
typically prepared by a sputtering method. Other technologies, e.g., laser ablation,
ion beam deposition, arc plasma ion plating, plasma spray and flash evaporation,
have also been reported in the literature, but with some intrinsic problems. It is well
known that the transformation temperatures, shape memory behaviors and super-
elasticity of the sputtered TiNi films are sensitive to metallurgical factors (alloy
composition, contamination, thermomechanical treatment, annealing and aging
processes, etc.), sputtering conditions (co-sputtering with multi-targets, target
power, gas pressure, target-to-substrate distance, deposition temperature, substrate
bias, etc.), and the application conditions (loading conditions, ambient temperature
and environment, heat dissipation, heating/cooling rate, strain rate, etc.).

The main advantages for MEMS applications of TiNi thin film include high
power density, large displacement and actuation force, low operation voltage, etc.
The work output per unit volume of thin film SMA exceeds that of all other
microactuation materials and mechanisms. Application of SMA films in MEMS
also facilitates the simplification of mechanisms with flexibility in design and cre-
ation of clean, friction free and non-vibrating movement. The phase transform-
ation in SMA thin films is accompanied by significant changes in the mechanical,
physical, chemical, electrical and optical properties, such as yield stress, elastic
modulus, hardness, damping, shape recovery, electrical resistivity, thermal con-
ductivity, thermal expansion coefficient, surface roughness, vapor permeability
and dielectric constant, etc. TiNi thin films are sensitive to environmental changes
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such as thermal, stress, magnetic or electrical fields, and thus should be ideal for
applications in microsensors as well.

Since TiNi films can provide a large force and/or large displacement in actuation,
most applications of TiNi films in MEMS are focused on microactuators. Micro-
pumps, microvalves, microgrippers, springs, microspacers, micropositioners and
microrappers are typical among others that have been realized. TiNi based micro-
pumps and microvalves are attractive for many applications, for instance,
implantable drug delivery, chemical analysis and analytical instruments, etc.
Grasping and manipulating small or micro-objects with high accuracy is required for
a wide range of important applications, such as microassembly in microsystems,
endoscopes for microsurgery, and drug injection micromanipulators for cells.

The good biocompatibility of TiNi films is promising for their biological
applications, which is a huge market at present and is still growing. At present,
increasing attention has been paid to the use of TiNi thin film for minimally
invasive surgery, microstents and bioMEMS applications. Microactuators made of
TiNi thin films may be used to infuse drugs, or be placed in strategic locations in
the body to assist circulation. TiNi SMA thin films, in the superelastic state, are
also promising as compliant elements in MEMS and biological devices.

The development of TiNi based SMA thin films and their microactuators has
achieved considerable progress in recent years. This was largely driven by a fast
expansion of, in particular, MEMS and biological communities, in which the
demand for novel actuators and biological applications has been growing dra-
matically. As such, a timely review of the important issues pertaining to the
preparation of high quality and high performance shape memory TiNi thin films
and the technical applications of these films is necessary. This book aims to serve
this purpose. We believe that this is the first book dedicated to thin film TiNi
SMAs; it covers not only the state-of-the-art technologies for thin film SMAs
(preparation and characterization), but also their applications, in particular, in
MEMS and biomedical devices. This book should naturally serve not only as an
introduction to those who want to know more about this exciting field, but also as
a technical handbook for those who have some knowledge but want to know more.
Hence, it is an essential reference book both for a better understanding of the
fundamental issues in technical aspects and for catching up with the current
developments in technologies and applications in new frontiers.

The book is naturally divided into two parts, namely, technologies (from
Chapter 1 to Chapter 9) and applications (Chapter 10 to Chapter 19). The first part
is focused on the fundamental issues of sputter-deposited TiNi based SMA thin
films, covering a general overview (Chapter 1); the basics of martensitic trans-
formation (Chapter 2); deposition technologies (Chapter 3), Ti/Ni multi-layer thin
films (Chapter 4); microstructure, crystallization, mechanical properties and stress
evolution in thin film SMA (Chapters 5 to 7); as well as advanced post-treatment
of thin film SMA including ion implantation and laser annealing (Chapters &
and 9). The second part is devoted to the device applications based on TiNi
based SMA thin film, focusing mainly on MEMS and biological applications.
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It covers: an overview of applications (Chapter 10); theory and simulation of shape
memory microactuators (Chapter 11); MEMS devices of microvalves, micro-
pumps, microcages, micromirrors, superelastic thin film for medical applications,
and thin film composite microactuators (Chapters 12 to 19).

The editors express their heartfelt thanks to the distinguished international team
of contributors whose scientific efforts unite to form this book. We also express
special thanks to the staff, Dr. Michelle Carey and Miss Sarah Matthews, at
Cambridge University Press for their assistance.



Abstracts of chapters

Overview of sputter-deposited TiNi based thin films
S. MIYAZAKI, Y. Q. FU AND W. M. HUANG

Abstract: The motivation for fabricating sputter-deposited TiNi base shape
memory alloy (SMA) thin films originates from the great demand for the
development of powerful microactuators, because actuation output (force
and displacement) per unit volume of thin film SMA exceeds those of other
microactuation mechanisms. Stable shape memory effect and superelasticity,
which are equivalent to those of bulk alloys, have been achieved in sputter-
deposited TiNi thin films. Narrow transformation temperature hysteresis and
high transformation temperatures were also achieved in TiNiCu and TiNi(Pd
or Hf) thin films, respectively. In the meantime, unique microstructures con-
sisting of non-equilibrium compositions and nanoscale precipitates in the
matrix have been found in Ti-rich TiNi thin films that were fabricated from an
amorphous condition by annealing at a very low temperature. Several micro-
machining processes have been proposed to fabricate the prototypes of
microactuators utilizing TiNi thin films. This chapter will review the recent
development of the above-mentioned topics relating to sputter-deposited TiNi
based thin films. Some critical issues and problems in the development of
TiNi thin films are discussed, including preparation and characterization
considerations, residual stress and adhesion, frequency improvement, fatigue
and stability, and thermomechanical modeling. Recent developments in the
microdevices based on SMA thin films are also summarized.

Martensitic transformation in Ti-Ni alloys
S. MIYAZAKI

Abstract: The basic characteristics of the martensitic transformation of Ti-Ni shape
memory alloys are described. They include the crystal structures of the parent and
martensite phases, the recoverable strain associated with the martensitic trans-
formation, the transformation temperatures, the temperature and orientation



