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Shape memory alloys (SMAs) possess an array of desirable properties: high power to weight (or force to volume) ratio, thus the ability to recover large transformation stress and strain upon heating and cooling, peudoelasticity (or superelasticity), high damping capacity, good chemical resistance and biocompatibility, etc. This attracted much attention to the research of SMAs as smart (or intelligent) and functional materials. More recently, thin film SMA has been recognized as a promising and high performance material in the field of micro-electro-mechanical system (MEMS) applications, since it can be patterned with standard lithography techniques and fabricated in batch process. Thin film SMA has only a small amount of thermal mass to heat or cool, thus the cycle (response) time can be reduced substantially and the speed of operation may be increased significantly. The work output per volume of thin film SMA exceeds that of other micro-actuation mechanisms. Application of SMA films in MEMS also facilitate simplification of mechanisms with flexibility of design and creation of clean, friction free and non-vibration movement. The phase transformation in SMA thin film 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 conductivity, thermal expansion coefficient, surface roughness, vapor permeability and dielectric constant, etc. These changes can be fully made use of the design and fabrication of microsensors and microactuators.

The main advantages of TiNi thin film include high power density, large displacement and actuation force, low operation voltage, etc (see Table 1). The main problems include: (1) Low energy efficiency, low dynamic response speed and large hysteresis. (2) Non-linearity and complex thermomechanical behavior and ineffectiveness for precise and complex motion control and force tracking; (3) High cost of TiNi films and difficulty in control of composition and mechanical properties; (4) Potential degradation and fatigue problems. Even with the above disadvantages, TiNi thin film is still considered as a core technology for actuation of some MEMS devices, where large force and stroke are essential and in conditions of low duty cycles or intermittent operation, and in extreme environment, such as radioactive, space, biological and corrosive conditions. 

	Microactuation Effect
	Maximum Energy density [Ws/m3]


	Max. Frequency

(Hz)
	Voltage

(V)
	Efficiency

(

	TiNi SMA
	2.5x107
	<100
	2~5
	0.01

	Electrostatic
	1.8x105
	>10000
	5~500
	0.5

	Electromagnetic
	4.0x105
	>1000
	~20
	<0.01

	Piezoelectric
	1.2x105
	>5000
	5~100
	0.3

	Bimetallic
	4.0x105
	<100
	~5
	10-4

	Thermopneumatic
	5.0x105
	<100
	~10
	0.1

	Conductive Polymer
	3.4x106
	>1000
	~5
	0.6


Since TiNi films can provide large forces for actuation and large displacement, therefore, most applications of TiNi films in MEMS are focused on microactuators, such as micropumps, microvalves, micro-grippers, springs, microspacers, micro-positioners, and microrappers, etc (see Fig. 1 to 4). 
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Fig. 1. TiNi cantilever showing the actuation during heating and cooling
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Fig. 2. TiNi electrode patterning on a four-inch wafer
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Fig. 3. TiNi active micro-pump structure
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Fig. 4. New type of TiNi/SU-8 composite micro pump design

TiNi thin films are also sensitive to environmental changes such as thermal, stress, magnetic or electrical fields thus should be ideal for applications in microsensors. For example, a gate of metal-on-silicon (M.O.S.) capacity sensor, switches or microrelays include on-chip circuit breakers against overheating caused by short circuit or overload, probe tips for automatic test equipment, fiber optics switching, automotive fuel injectors, micro-lens positioner, light valve or on-off optical switch for spatial light modulators, a far infrared radiation (FIR) imaging sensor (see Fig. 5 to 8).
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Fig. 5. TiNi micro-mirror structure 
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Fig. 6. The angle changes of TiNi micro-mirror structure after applying the voltages

[image: image11.png]



Fig. 7. TiNi micro-mirror structure (II)
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Fig. 8. The angle changes of TiNi micro-mirror structure (II) after applying the voltages
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