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Index

a
accelerometer piezoelectric 49
actuator piezoelectric 45
actuators 138
ADP 129–132
hydrogen bonded radicals 130

AFE see antiferroelectric (AFE)
AFM see atomic force microscope

(AFM)
alternating current (AC) 54, 61, 63, 65,

66, 109, 123, 154, 218, 230, 277,
279

VING 63
antiferroelectric (AFE) 129
antiferroelectric orthorhombic structure

118
antiferroelectric phase with

orthorhombic structure 118
atomic displacements 26
atomic force microscope (AFM) 62
piezoelectric based microdevices

205
VING 62
nanogenerator 59

atomic force microscopy (AFM) 136
graphene-based FeFET 228

atoms, schematic arrangements of 32
Aurivillius phases 123

b
barium strontium titanate (BST) 98
band pass filter 101
dielectric constant of 100
structure of 99

barium titanate (BaTiO3)

crystallographic changes of 90
cubic structure of 89
dielectric constants of 90
frequency dependence of 91
MLCs 89
multilayer capacitor 92
nanowire 65
NG 93
PTC 89
PTC thermistor 93

BiFeO3 (BTO)
NG 95

bismuth ferrite (BiFeO3) 156
bismuth manganite (BiMnO3)

157
bismuth oxide layer structured

ferroelectrics (BLSF) 123
applications of 125
crystal structure of 124
definition of 123

bismuth silicon oxide (BSO)
two–wave mixing crystal 284

BLSF see bismuth oxide layer structured
ferroelectrics (BLSF)

Bragg condition 271
Brewster’s law 254
Brillouin zone 21, 25
BST see barium strontium titanate (BST)
bulk acoustic wave (BAWs) device

207
bulk composite multiferroics
backscattering emission 153
ME composites 152

bulk micromachining 204
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c
capacitive micromachined ultrasonic

transducers (cMUTs) 206
capacitor-over-field-oxide (COFO)
electron microscope 212
ferroelectric capacitors 211

capacitors
ceramic actuator technologies 198,

199
micro-devices 197
MLCs 196
solid-solution systems 202

carbon nanotube (CNT) 224
fabrication of 226, 227
SWCNT 226, 227
TEM 225, 226

cellular-automate technique 282
ceramic actuator technologies 198,

199
ceramic polymer composites
embedded film capacitor 142,

143
ferroelectric ceramics 143
materials 142
piezoelectric composites 142, 144
thermal stability 141

Clausius-Mossotti relation 13
CNT see carbon nanotube (CNT)
complementary metal-oxide

semiconductor (CMOS)
FRAM 213
thin film 203

composites 203
condensers 195
conduction band 4
conduction electrons see conduction

band
contact microphone 44
corner sharing oxygen octahedra 88
Coulomb’s law 12
coupler interferometer 253
critical point 30
crystal(s)
characteristic frequency 72
structures 1
alloys 33
phase transition 23

crystalline solid 4
crystallography 1, see also crystals

structure
crystal oscillator circuit 72
crystal structures pyroelectricity 38
Curie point temperature 84, 101, 110,

132, 150
Curie–Weiss law 25
Curie–Weiss temperature 115

d
depolarization 9–11
diaphragm piezoelectric
Helmholtz’s formula 55, 56
mounting support methods 54, 55
operation of 54
sound component 54

dielectric(s)
characteristic feature 14
conductors 4
crystal 1
FD distribution function 5
insulators 4
losses 14
materials 14
dispersion of polarization of 8
local field 11
losses of 14
molecular description of 12
molecular theory 9
parallel plate capacitor 10
polarization of 7

properties 6
semiconductors 4
susceptibility 13

dielectric breakdown 17
dielectric loss angle 15
dielectric susceptibility 30
diode-pumped solid-state (DPSS)

242
diode-pumped solid-state laser (DPL)

265
dipoles
inside cavity field 12
Lorentz of 11
piezoelectric 40
spontaneous 34
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dispersion relation 20–22
frequency and wave vector 20, 21

distribution function 5
domain wall 85
domain wall motion

P–E hysteresis loop 86
SPM 88
TEM images 86

dynamic gain-flattering filter (DGFF)
246, 248

e
EAP see electro active polymer (EAP)
EETs see explosive-to-electrical

transducers (EETs)
elastomers 6
electret
applications of 146
definition 145
electric polarization of 145, 146
small microphone 146, 147
type of 145

electric current 56
electric field pierces 16
electro active polymer (EAP) 139
electro-mechanical film (EMFi) 137
transducers 137

electron gas 5
electronic ceramics 195
electronic polarizability 13
electronic polarization 7, 9
electro-optic deflector (EOD) 237
KTN crystals 237
KTN deflector 239
optical coherence tomography 239
space-charge effect 238

electro-optic effect 265
electro-optic field sensors
common path interferometer 254
coupler interferometer 253
electric field 251
grid type 253
Mach–Zehnder interferometer 250
measurement system 250
structure of 250–252
two types 249
waveguides of 251

electro-optic modulators
intensity modulator 235
KTN crystal 237
longitudinal 234
optical phase 234, 235
optical switching device 236
transverse 234
voltage V 233, 234
waveguide modulator 235, 236

electro-optic Q-switches 242
electro-optic tunable filter 240–242
two kinds of 240
wavelength division multiplexing

240
electrostatic potential 1
energy band, crystals 1–3
EOD see electro-optic deflector (EOD)
equation of motion 19
equivalent electrical circuit 72
explosive-to-electrical transducers

(EETs) 201

f
FD see Fermi-Dirac (FD)
FeFET see non-volatile ferroelectric field

effect transistor (FeFET)
FeRAMs see ferroelectric random access

memory (FeRAMs)
Fermi-Dirac (FD) 5
Fermi-Dirac (FD) distribution function

5
Fermi energy 5
ferroelectric(s)
diatomic chain 21
three fundamental laws 25

ferroelectric ceramics
bulk and films of 195
capacitors 196
composites 203
EETs 201
electro-optic devices 233
materials 214
nanoscale ferroelectrics 219
photoelastic devices 254
photorefractive devices 260
piezoelectric 197
thin films 203
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ferroelectric field effect transistors
(FeFETs) 214

ferroelectricity
classification of
ceramic polymer composites 141
corner sharing oxygen octahedra
88

electret 145
hydrogen bonded radicals 128
MFs materials 147
organic polymers 132

definition of 80
domains 80, 85
history 81
hysteresis 80
phase transitions 83
tunable microwave applications 208
varactors 210
wall motion 86

ferroelectric random access memories
(FRAMs) 210

bit cells 211, 212
capacitor-on-plug 213
CMOS 213
PTZ 210
1T1C 213, 214

ferroelectric random access memory
(FeRAMs) 86

ferroelectric tunnel junctions (FTJs)
215

ferromagnetic hysteresis 148
ferromagnetism 79
ferroresistive storage
MF interfaces 215, 217
Thomas–Fermi screening 215
tunnel barrier 215, 216
tunnel junction 215, 216

fiber optical communication 260
field-effect transistors (FeFETs) 86
flextensional actuator (FA) 111
PMN 111

flextensional structure 198
forbidden energy 3
FRAMs see ferroelectric random access

memories (FRAMs)
free electrons 4, see also conduction

band

Fresnel bipris 265
Fresnel biprisms 264

g
gallium nitride (GaN) 39
gas lighter piezoelectric 43
Gauss’s law 10
generators piezoelectric
cantilever beam energy generator

59
energy harvesting of 59
PZT 57

graphene-based FeFET 228

h
hard disk drives (HDDs) 217, 218
SPM 217

Helmholtz’s formula 55
hexagonal manganites (RMnO3)

158
holographic interferometers 281–287
BSO 282, 283
laser intensity of 286, 287
Michelson interferometer 286
mirror slopping 284
mirror static 283, 284
phase techniques 282
Pockels effect 281
PZL 281
PZO 284, 285
RTHI 281
two-wave mixing, BSO 285

Hula Hoop wobble 69
hydrogen bonded radicals
AFE 129
applications 131
atomic motions 131
representation of 129, 130
TGS structure 128, 129

hydrothermal method 116

i
implantable telemetric energy receiver

66
indium-tin-oxide (ITO) 66, 241, 276
NG 95

insulators 4
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integrated optical electric field sensor
(IOES) 253

ionic polarization 7, 9

j
Joule–Lenz law 14

k
KH2PO4 (KDP)
hydrogen bonded radicals 130

l
laminated composite multiferroics
ME coefficients 154
ME composite 155
micrograph of 154
P(VDF-HFP) 155, 156

Landau phenomenological theory 26
Langmuir–Blodgett (LB) polymer

135
lapidem electricum 39
lateral nanowire integrated

nanogenerator (LING) 63
SWG 63
typical view of 63

lattice vibrations 19, 21
lead-free piezoceramics 42
lead lanthanum zirconate titanate

(PLZT)
dielectric constants of 108
ferroelectricity 81
hysteresis loop 109
PT 109
room temperature of 107

lead magnesium niobate (PMN)
dielectric loss vs.temperature 111
dielectric properties of 110
ferroelectricity 83
NG 112
PMN–PT 111
stacked-FA 111

lead titanate (PbTiO3) 101
lead zirconate titanate (PZT) 42
cantilever actuator in 103
ceramic polymer composites 144
ferroelectricity 81
MPB 103

nano fibergenerator 104
NG 106
oxide nanowire 220
PDMS 106
PET 106
phase diagram of 102
piezoelectric 103
piezoelectric based microdevices

205
piezoelectric generators 57
SPM 219
SQUIGGLE motor 68
VANA 106

LGMicroelectronics 205, 206
linear dielectric material 37
linear dielectrics 37
LING see lateral nanowire integrated

nanogenerator (LING)
liquid-filled varifocal lens 139
local field, dielectric 11
longitudinal mode piezoelectric element

47
longitudinal modulators 234
Lorentz field 12
polarizabilities 13

Lorentz–Lorentz equation 14
loss angle, dielectric 15
low-temperature co-fired ceramic

(LTCC) 144
Lyddane–Sachs–Teller relation 25
lyngourion 39

m
Mach–Zehnder intensity modulator

235
Mach–Zehnder interferometer 250
Mach–Zehnder modulators 251
macroscopic field 13
magnetoelectric (ME) composites 152,

160
magnetoelectric (ME) effect 147
mean-field (MF) approach 26
mean-field theory 30
membrane based micropiezoelectric

components 205
MEMSs see micro electro mechanical

systems (MEMSs)
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Metal–insulator–metal (MIM) 100
BSST 100

metalorganic chemical vapor deposition
(MOCVD) 125, 156

BLSF 125
Michelson interferometer 286
microcantilever based piezoelectric

components 205
microdevices based piezoelectric 204
micro electro mechanical systems

(MEMSs) 156, 203
microwave electronics 207
piezoelectric microsensors and

microactuators 204
thin film 203

microfluidic pumps 138
microphone piezoelectric 50
micro pump piezoelectric
flat walls diffusers 52
silicon micromechanics 51
valve less of 52

microscopic properties, materials
phase transitions
displacive of 31
Landau phenomenological theory
26

order-disorder of 32
soft-mode 25
structure of 23

phonons
1D diatomic chain 21
definition 19
1D monatomic chain 19
3D solids 22

microwave electronics, polar films
bulk acoustic wave (BAWs) 207
MEMSs 207
RF-MEMS 207
SAW 207
tunable microwave applications 208

MLCs see multilayer capacitors (MLCs)
molar polarizability 13
molecular theory 9
morph tropic phase boundary (MPB)
PZT 103

multiferroic (MFs) materials
bulk composite 152

laminated composite 154
ME effect 147–149
perspectives of 160
single phase 149
thin films 155

multilayer capacitors (MLCs) 196
ferroelectric of 196

mutilayer capacitors (MLCs) 92
BaTiO3 89

n
nanocomposite electrical generator

(NEG)
typical view of 64

nanocomposite generator (NCG) 94
BaTiO3 94

Nano–ferroelectric field Effect
transistor (Nano-FeFET)

CNT 224
graphene-based 228
nanotetrapod-based 223
nonvolatile memory devices 220
oxide nanowire-based 220

nanogenerator (NG) 93
BaTiO3 93
BTO 96
fabrication process 95
ferroelectric 229
five layers as 94
morphology of 230, 232
piezoelectricity
applications 65
force parallel to 60
force perpendicular to 59, 60
LING 63
NEG 63
other types 64
VING 61

PVDF 139
SEM 231
ZnO 231

nanomaterials 42
nano/microwire solar cell 57
nanoparticles (NPs)
BaTiO3 94

nanoscale ferroelectrics
ferroelectric nanogenerators 229
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nano-FeFET 220
SPM 219

nanotetrapod-based FeFET 223
naturally occurring crystals 42
NCG see nanocomposite generator

(NCG)
NG see nanogenerator (NG)
nondestructive testing (NDT) 44
nonlinear dielectrics 37
non-volatile ferroelectric field effect

transistor (FeFET) 220
graphene-based 228
oxide nanowire-based 220
ZnO NW 222

nonvolatile memory 135
nonvolatile random-access-memory

(NV-RAM) 135

o
one-dimensional diatomic chain 21
one-dimensional monatomic chain 19
organic polymers
applications of 135
PVDF 132
research 133
TrFE 133

orientational polarization 7
orientation polarization 9
oscillation 22
oxide nanowire-based FeFET 220

p
parallel plate capacitor 10
Pauli’s exclusion principle 2
PC see polarization controller (PC)
PEM see photoelastic modulator (PEM)
perovskite
BaTiO3 89
BST 98
KNbO3(KN) 114
NaNbO3 118
PbTiO3 101
PLZT 107
PMN 110
PZT 102
SrTiO3 (STO) 97

PET see polyethylene terephthalate
(PET)

phase-shifting technique 281
phase-stepping 281
phase transitions
atoms model 23, 24
1D array 23
displacive of 31
ferroelectric 23
ferroelectricity 83
Landau phenomenological theory

26
order-disorder of 32
soft-mode 25

phonons
1D diatomic chain 21
1D monatomic chain 19
3D solids 22

photoelastic devices
PEM 255
Q-switch 257

photoelastic modulator (PEM) 255
photolithography 261
photorefractive devices
effect of 260
holographic interferometers 280
switches 275
tunable filters 267
waveguides 260

piezoelectric
composites 203
microsensors and microactuators

204
piezoelectriccity
plate mode of 67

piezo-electric crystals 43
piezo-electric effect 71
piezoelectricity
accelerometer 49
actuator of 45
applications 65
definition of 39
gas lighter 43
generators 57
historical survey 41
linear SQUIGGLE motor 68
materials 42, 64
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piezoelectricity (contd.)
microphone 50
micropump 51
moduli 40
motors 66
nanogenerator 59
nanogenerator types 61
piezoelectric effect 39
plate mode of 67
QCM 69
quartz crystal oscillator 71
sensors 44
solar cell 56
sound diaphragm 54
transformer 47

piezoelectric linear microdisplacements
(PZL) 281

piezoelectric micromachined ultrasonic
transducers (pMUTs) 206

piezoelectric microsensors and
microactuators

membrane based micropiezoelectric
205

microcantilever based 205
microdevices based 204

piezoelectric nanocomposite (p-NC)
BaTiO3 94

piezoelectric polyvinylidene fluoride
(PVDF)

laminated composite multiferroics
155

nonvolatile memory 135
transducers 137

piezoelectrics
applications for 197

piezoelectric transformer (PT) 109
piezo-motors
CAD 66, 67

piezo-phototronic effect 57
PMN-PT nanogenerator 112
p–n cell junction 56
Pockels effect 275, 277
polarization
dielectric of 7
dispersion of 8
linear equation 40
Lorentz field 12

molecular description of 12
processes 7

polarization controller (PC) 245
key parameters of 246
retarders 245
screen print measurement 246, 247

polarization maintaining fiber (PMF)
250

polarization vs. temperature 85
polar molecules 9
polycrystal 85
polydimethylsiloxane (PDMS)
BaTiO3 94
NG 95
PZT 106

polyethylene terephthalate (PET) 95
NG 95
PZT 106

polystyrene (PS), NG 94
polyvinylidene fluoride (PVDF) 214
NG 139
organic polymers 132
polymer research 133

positive temperature coefficient (PTC)
81

BaTiO3 89
BaTiO3 thermistor 93

potassium niobate (KNbO3)
cubic-tetragonal 115
hydrothermal method 116
nanogenerator 116
phase diagram of 116
rhombohedral structure of 114

potassium tantalate niobate (KTN)
crystals 238

potential energy levels
atoms in crystal 1, 2
crystal 2
two nucleus 1
variation of 2

potential well 84
primary pyroelectricity 38
pyroelectric fusion 39
pyroelectricity
crystal classes 38
history of 39
vector 38
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PZO 284, 285
connected mirror 285

PZT see lead zirconate titanate (PZT)

q
Q-switch photoelastic
fiber laser 257, 258
laser pulses 259
retardation 257, 258
SCPEM 257
transmission curve 259

quartz crystal microbalance (QCM)
applications of 70
quartz crystal of 69, 70

quartz crystal oscillator 71

r
radial vibration piezoelectric

transformer 48
Raman spectra, solids 22
real-time holographic interferometry

(RTHI) 281
reduced graphene oxide (RGO)
BaTiO3 94

retarders 245
Rochelle salt 81
Rosen piezoelectric transformer

48

s
scanning electron microscope (SEM)
backscattering emission 153
NG 94, 95

scanning electron microscopy (SEM)
221

scanning probe microscopy (SPM) 88,
217

ferroelectric films 218
HDDs 217

scanning tunnelling microscope (STM)
224

Schottky contact 61, 63
Schottky diodes 215
secondary pyroelectricity 38
self-powered nano/micro devices 65
semiconductor 4
side-chain liquid crystalline polymers

(SCLCP) 134

polymer research 134
silicon solar cell 56, 57
single crystal photoelastic modulator

(SCPEM)
PEM 255
Q-switch 257

single phase multiferroics
BiFeO3 150
LSMO electrode 150
ME 150
TbMnO3 151
TER 149

single-walled and multi-walled carbon
nanotubes (SW/MWCNTs) 94

single-walled carbon-nanotube (SWNT)
225

VING 63
single wire generator (SWG) 63
LING 63

sinusoidal filter 247, 248, see also
variable gain tilt filers (VGTF)

smart wearable systems 65
sodium niobate (NaNbO3)
crystal structures of 118
frequency range of 119
NG 120

solar cell piezoelectric
energy band diagram of 57, 58
p–n cell junction 56
silicon principle of 56, 57

solidly mounted resonators (SMR)
BAW 208, 209

solid solution perovskites (SSP) 159
solid-solution systems 202
capacitors 202

sound pressure level (SPL) 54
space-charge effect 238
space charge polarization 8, 9
SPM see scanning probe microscopy

(SPM)
SQUIGGLE motor
linear 68
PZT 68, 69

stack actuators 45
stripe actuator 46
strongly coupled multiferroics 158
strontium titanate SrTiO3 (STO) 97
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supercritical region 30
surface acoustic wave (SAW)
band-pass filter 127
interdigital transducer 128
KNbO3 115
microwave electronics 207

surface micromachining 204
surface-stabilized ferroelectric liquid

crystal (SSFLC)
polymer research 134

suspended membranes 206
SWG see single wire generator (SWG)
switches, photorefractive
experimental set-up 275
phase conjugate power 279
photorefractive crystal 275
Pockels effect 275, 277
temporal evolutions of 276
transmitted power 278
voltage V 280

synthetic ceramics 42
synthetic crystals 42

t
thickness vibration piezoelectric

transformer 48
thin film, ferroelectric ceramics
CMOS 203
FRAMs 210
MEMSs 203
microwave electronics, polar films

206
piezoelectric microsensors and

microactuators 204
thin films multiferroic
artificially designed multiferroic

materials 159
bismuth ferrite 156
Bismuth manganite 157
hexagonal manganites 158
MEMS 156
solid solution perovskites 159

Thomas–Fermi screening 215
three-dimensional solids, phonons

22
three-dimensional waveguides

(3D-WGs) 263

top-seeded solution growth (TSSG)
KNbO3 116

tourmaline 39, 43
transducers 137
transmission electron microscopy

(TEM) 223
NG 94

transparent and flexible devices
65

transverse mode piezoelectric element
47

transverse modulators 234
trifluoroethylene (TrFE) 133, 135, 136,

154
organic polymers 133

triglycine sulphate (TGS) 128, 129,
131, 214

hydrogen bonded radicals 128
tunable fabry-perot filter (TFPE)
electro-optic tunable filter 240
transmission spectrum of 241

tunable filters, photorefractive
acousto-optic 270, 271
angle convention of 270, 271
Bragg wavelength 272
crystal surface 273
fabricated technique 269
read-out wavelength 273
time development of 274
wavelength division LiNbO3 268
wavelength division multiplexing

267
wavelength selectivity of 273

tunable lyot filter (TLF)
electro-optic tunable filter 240
3 stages 241

tunable microwave applications 208
tungsten bronze compounds
application of 123
compounds 122
definition of 121
structure type 121

tunnelling electro-resistance (TER)
150

u
ultrasound transducers 44
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v
valence band 4
variable gain tilt filters (VGTF) 246,

247
variable optical attenuators (VOA) 243
DGFF 248
network applications 243
optical modulation of 244
performance of 244

vertically aligned nanowire arrays
(VANAs) 106, 107

PZT 106
vertical nanowire integrated

nanogenerator (VING) 61
AFM 62
typical view of 61, 62

vibration energy harvesters (VEH) 147
VING see vertical nanowire integrated

nanogenerator (VING)
VOA see variable optical attenuators

(VOA)

w
waveguides, photorefractive
CCD-images of 262, 263
crystals 262
diode-pumped solid state laser 265
3D-WGs 263, 264
fabricated technique for 261
LiNbO3 266
photolithography 261
rectangular waveguide 266, 267
waveguide array 268

Weiss domains 40
wurtzite structure 42, 56

z
ZnO nanowire 42
zone-boundary phonons 26
zone-centre phonons 26




