Subject iIndex

A
Acoustic waves, 109, 152
Actuator, 37
Aluminum microbeams, free-standing, 203
Amorphous alloy, see Ni-P amorphous alloy thin film
Amorphous diamond, nanomechanical test system, 62
Anisotropy, Ni-P amorphous alloy thin film, 73
Atomic force microscopy, Si MEMS structures, 3

B
Bending test, Ni-P amorphous alloy thin film, 52
Bent-beams, 168
Bifurcation, gold/polysilicon layered MEMS plate
structures, 306
Brillouin scattering, 109
Bulge testing, 28

C
Carbon coatings, nano-structured, nitrogen feedgas
effect, 127
Chemical vapor deposition, 127
diamond films, radiation effects on mechanical
properties, 318
CMOS thin films, Young's modulus, 139
Cold rolling, Ni3Al thin foils, 248
Cracking behavior, film thickness effect, 96
Crack nucleation, Si MEMS structures, 3
Crack propagation, Si MEMS structures, 3
Crystallographic texture, film thickness effect, 96

D
Deformation, gold/polysilicon layered MEMS plate
structures, 306
Dispersion relations, surface acoustic waves, 152
Ductility
electrodeposited gold film, 262
Ni;Al thin foils, 248

E
Elastic beam theory, 139
Elastic constants, 152
thin film, 109
Elastic properties, thin film, 152
Electrostatic force grip, tensile testing, 214

F
Fatigue
membranes for MEMS power generation, 28
Si MEMS structures, 3
Fatigue crack growth, Ni-P amorphous alloy thin film,
52
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Film thickness, influence on texture, residual stresses
and
cracking behavior, 96

Fixed-fixed beams, 168
Fractography, 37
Fracture

membranes for MEMS power generation, 28

testing, cross comparison of techniques, 16
Fracture strength, thin film, 229
Fracture toughness, 214

microstructure effects, 37

nanomechanical test system, 62

Ni-P amorphous alloy thin film, 73
Free-standing aluminum microbeams, MEMS
structures, 203

G

Geometric nonlinearity, gold/polysilicon layered
MEMS plate

structures, 306
Gold film, electrodeposited, microstructural and
mechanical

characterization, 262
Grain boundary, free-standing aluminum microbeam,
203

H
Hardness
nitrogen feedgas effect, 127
polysilicon and polydiamond thin films, 318
Heat treatment, electrodeposited gold film, 262

1
Indenter, 62
Interferometry for Material Property Measurement
methodology, 85
Inverse problem, 152

L
Lateral force, nanomechanical test system, 62

M

Magnetron sputtering, 96
Mechanical characterization, electrodeposited gold
film, 262
Mechanical properties

characterization, 85

Ni[13r]Al thin foils, 248

nitrogen feedgas effect, 127

radiation effects, 318
Mechanical strength, brittle thin films, 278
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332 MECHANICAL PROPERTIES OF STRUCTURAL FILMS

MEMS structures
brittle thin films, strength determination, 278
fatigue and fracture, 28
free-standing aluminum microbeams, 203
gold/polysilicon layered plate, 306
see also Silicon MEMS structures
Metrology, MEMS, 85
Microactuators, 293
Micromachining, 139, 203
Microrings, 168

Microstructural characterization, electrodeposited gold

film, 262

Microstructure
effects on strength and fracture toughness, 37
Ni;Al thin foils, 248

Morphology, Si MEMS structures, 3

MOSIS, 139

N
Nanoindention, 127, 318
Nanomechanical test system, 62
Nano-structured carbon, nitrogen feedgas effect, 127
NizAl, ductile thin foils, 248
Nickel-titanium-copper shape memory alloy films,
thermomechanical
characterization, 293

Ni-P amorphous alloy thin film

fatigue crack growth, 52

fracture toughness, 73
Nitinol, 293
Nitrogen feedgas, effect on mechanical properties, 127

0
Optical metrology, 168

P

Passive strain test, silicon MEMS structures, 168
Piezo-actuator, free-standing aluminum microbeam,
203
Piezoelectric membrane, 28
Pointers, 168
Poisson's ratio, 229
Polydiamond, radiation effects on mechanical
properties, 318
Polysilicon

films, direct strength testing, cross comparison of
techniques,

16

strength and fracture toughness, 37

see also Silicon MEMS structures
Power generation, MEMS, 28
PZT thin films, 28

R
Radiation, effects on mechanical properties, 318

Raman spectroscopy, 318
Recrystallization, NiAl thin foils, 248
Residual compression, passive strain test under, 168
Residual strain, passive test, 168
Residual stress, 139
film thickness effect, 96
R ratio Ni-P amorphous alloy thin film, 52

S

Sensitivity analysis, 152
Shape memory, nickel-titanium-copper alloy films, 293
Silicon dioxide, 214
Silicon MEMS structures

direct strength testing, cross comparison of
techniques, 16

integrated testing platform, 85

microstructure effect, 37

nanomechanical test system, 62

passive strain test, |68

radiation effects on mechanical properties, 318

surface topology and fatigue, 3

tensile testing using electrostatic force grip, 214
Silicon nitride, 214

tensile testing, 229
Software integration, 85
Stability, gold/polysilicon layered MEMS plate
structures, 306
Strength

distributions, 16

microstructure effects, 37
Strength testing, cross comparison, 16
Stress ratios, Ni-P amorphous alloy thin film, 52
Stress relaxation, free-standing aluminum microbeam,
203
Surface acoustic waves, 109, 152
Surface topology, Si MEMS structures, 3

T
Tensile strength
electrodeposited gold film, 262
nanomechanical test system, 62
thin films, 214
Tensile stress-strain curves, polysilicon, 229
Tensile testing
cross comparison of techniques, 16
free-standing aluminum microbeam, 203
thin film, 229
using electrostatic force grip, 214
Texture
electrodeposited gold film, 262
film thickness effect, 96
NisAl thin foils, 248
Thermomechanical characterization, nickel-titanium-
copper shape
memory alloy films, 293



Thin film
brittle, strength determination, 278
CMOS, Young's modulus, 139
direct strength testing, cross comparison of
techniques, 16
elastic constants, 109
elastic properties, 152
fracture toughness, 73
free-standing aluminum microbeam, 203
nanomechanical test system, 62
polysilicon and polydiamond, 318
tensile testing, 214, 229
Transmission electron microscopy, free-standing
aluminum
microbeam, 203
Tungsten coating, 96
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v
Vickers hardness number, 248

w

Wafer level testing approach, 37
Wafer scale, MEMS structure testing, 85
Weibull statistics, 278

Y
Yield strength
electrodeposited gold film, 262
free-standing aluminum microbeam, 203
Young's modulus, 229
CMOS thin films, 139
polysilicon and polydiamond thin films, 318





