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a
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acoustic filters 253–255
active EC regenerator (AER) 439–441
actuators application 158–159
adaptive lenses (ALENS) 44
additive manufacturing (AM) 213–216,

500, 502–503, 513–514, 584
AgNbO3 (AN) 382–384, 561
AlN thin films 255
antiferroelectric ceramics 377–384

AgNbO3-based antiferroelectric
ceramics 382–384

NaNbO3 (NN) 381–382
(Pb, La)(Zr, Sn, Ti)O3-based

antiferroelectric ceramics
380–381

PbZrO3 (PZ) 379–380
application specific integrated circuit

(ASIC) 577
(ATHP)2PbBr2Cl2 127–128
Aurivillius phases 209, 219
Aurivillius single-crystal particle 209
avalanche breakdown 348–349

b
BaO-TiO2 system 531
barium strontium titanate-

polydimethylsiloxane (BST-PDMS)
porous foam 510, 512

barium titanate (BT)
atomic structure and physical origins

75–76

ceramics 429–431
Curie temperature 72
high-piezoelectric BT-based ceramics

69–71
isovalent cations 68–69
phase structure 67–68
physical and structure mechanisms

73
piezoelectric properties of 69

barium titanate nanoparticles (BTNPs)
587–588

BaTiO3-based ceramics 316–320,
373–376

Ba(Zr,Ti)O3 (BZT) based ceramic films
376

Bi atoms in BIT 168
biaxially orientated polypropylene (BOPP)

398–400
biaxially oriented film preparation process

356
biaxially stretched dielectric polymer film

355
biaxial orientation process 354–355
biaxial stretching 354–355
Bi-based end-member mixing 149–150
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based ceramics 325–327
nanofilms 584
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biomedical applications, piezoelectric
materials

bone/tissue regeneration 584–587
cancer therapy 590–592
implantable energy harvesters

self-powered systems 574–577
ultrasonic wireless-powered systems

577–580
neural stimulation 587–590
ultrasound imaging transducers

581–584
biomolecular materials 459–460
biosensing

biomedical pressure sensing 474
physical health monitoring 468–473
prosthetic devices 474–476

Bi12PbO19 (BP) compound 146
BiScO3-PbTiO3 piezoelectric ceramics

actuators application 158–159
characteristics of

phase diagram of 143
preparation methods of 143–147

commercialization of 141
development of 141
energy harvester application IEEE

159–161
grain size effect 153–156
grain size of 141
MPB

A-site and B-site doping 148–149
Bi-based end-member mixing

149–150
Pb-based compound treatment

151–153
perspectives for 139–140
phase diagram of 142–143
preparation methods 141

sintering processing 145–147
synthetic method 144–145

research diagram of 139
transducers application 156–158

bismuth ferrite
crystal structure 96–98
domain configuration 98–102
electrical properties

electro-strain 105
energy storage property 105–106
ferroelectricity 104–105
piezoelectricity 102–104

bismuth-layered templates 212
bismuth layer-structured ferroelectrics

(BLSFs) 167, 192, 231
bismuth oxide 167
bismuth-oxygen layer 169
bismuth titanate compound (Bi4Ti3O12,

BIT) 167
Bi4Ti3O12 (BIT)

based flexible yarn-based piezoelectric
nanogenerator (FY-PNG) 531

crystal structure and phase transition of
168–170

electrical properties of 189, 191
complex impedance and electrical

modulus analysis 183
dielectric relaxation process 186
ion-pair modification 186
microstructural components 188
Nb5+/Ta5+/Ce3+ co-doped 187
potential application of 182
resistivity of 185

fabrications of
preparation process based on

external field 172
preparation process based on

templates 175–177
ferroelectric domain structure of

ceramics 179–181
crystal 178–179
space group analysis of 177–178

high-temperature applications based on
192–195

irradiation effect on 192
mechanical fatigue behavior of 191
synthesis of 170–172
thermal depoling behavior of 191–192

Bi4Ti2.98(WNb)0.01O12 188, 191
blended Polymers 389–391
BNNS 397–399
BNT-8BA ferroelectric ceramics 560
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BNT-based ceramics 90, 93, 95, 225, 231,
315, 320, 322, 323, 432, 433

BNT-based material systems 86
BNT-BT textured ceramics 225, 228
bone/tissue regeneration 574, 584–587
breakdown mechanisms 348

electromechanical breakdown
349–350

intrinsic breakdown 348–349
partial discharge breakdown 350
thermal breakdown 350

breakdown voltage down strength 348
Bridgman method 66, 271
BS-PT binary phase diagram 141
BT-based ceramics, piezoelectrics 228
BT@SO/PVDF nanocomposite 394
bulk ceramics 424

barium titanate 429–431
BNT 431–433
ferroelectric-ferroelectric phase

transition 428
first-order and second-order phase

transitions 428
KNN 433
PMN-xPT 434–435
preparation process 428
properties 429
PST 435
PZT 433–434

burnt-out polymer spheres method
(BURPS) 500–502

c
calcium barium zirconate titanate (BCZT)

375, 396, 498, 505, 525, 527
cancer therapy 590–592
cancer treatment 455, 464, 476–479, 591,

592
capacitive micromachined ultrasonic

transducers (cMUT) 254, 255
carbon-polyvinylidene fluoride-barium

titanate (C-PVDF-BTO) porous
composite 510, 512

ceramic preparation methods 175, 177

CMOS (complementary
metal–oxide–semiconductor)
platform 253

[C(NH2)3][ClO4] (guanidinium
perchlorate) 121

composite dielectric materials
core-shell-filled nanocomposites 398
high-temperature nanocomposites

398–400
0D-filled nanocomposites 394–395
1D-filled nanocomposites 395–396
2D-filled nanocomposites 396–398

constant temperature growth 273
conventional biaxially oriented

equipment 355
converse piezoelectric effect 1, 3–4, 6,

129, 313, 495
copolymerization of PVDF 387
co-precipitation method 171, 174
core-shell-filled nanocomposites 398
core–shell structure 61, 375, 377, 463,

464
c phase, tetragonal symmetry 258
crystal classes 10, 11, 14, 23, 25
crystal growth of KNN and KTN single

crystals 271–274
crystalline phases, of KNN thin films

261
crystallographically oriented ceramics

201
crystallographically textured ceramics

201
CTFE 330, 387, 388
Curie–Weiss law 295
Czochralski method 117, 271

d
DC resistivity of BIT-based components

187
degreasing and co-firing 352
D–E hysteresis loops of linear and

nonlinear dielectrics 343
depolarization phenomenon 86–89, 560
depolarization temperature 86, 88, 89,

99, 106, 148, 153, 225, 320



602 Index

dielectric capacitors 341, 342, 393,
400–402, 561

dielectric ceramics 342, 353, 354, 365
dielectric dispersion 36, 183, 186, 317
dielectric energy storage materials

applications 356–357
breakdown mechanisms 348
key parameters of 342–345
MLCCs 351, 354
organic thin film capacitors 354–356
polarization mechanisms 345–347

dielectric materials, energy storage 342
dielectric organic materials 342
N,N-Dimethylformamide (DMF) solvent

385
Dion–Jacobson compounds 209
dipolar polarization (Pd) 345–347
direct electrical stimulations 587
direct ink writing (DIW) 502, 503
direct piezoelectric effect 1, 3, 5,

261–263, 495, 496
direct writing AM 214, 215
discharging density 344
disease treatment

cancer 476–479
oral care 479
organs and tissues regeneration 476

domain wall (DW) 98
domain structure vs. electrical

properties 99–102
domain walls conductivity vs. electrical

properties 102
motion 28–30

e
Einstein summation rule 5
electrical breakdown problems 566–567
electrical response, of BFO-BT

ferroelectric ceramics 563
electrical stimulation therapy 539–542
electric energy storage 341
electric-field-controlled two-dimensional

optical beam scanner 307–308
electroactive piezoelectric phase 499
electrocaloric effect (ECE)

adiabatic entropy change and
temperature change 424

AER 439, 440
bulk ceramics 424
disadvantages 441
ferroelectric ceramics

bulk ceramics 428–435
ceramic films 424–428
MLCs 436–438

heat transfer stages 443
liquid pumping systems 443
refrigeration 423, 438
rings 442
solid-state coolers 441

electromechanical breakdown 348–350
electromechanical breakdown strength

(Eem) 350
electromechanical coupling properties of

piezoelectric materials 467, 487
electron backscatter diffraction (EBSD)

technique 208, 209
electronic breakdown 348, 349
electronic breakdown strength 348
electronic polarization (Pe) 345–347
electron microprobe analysis (EMPA)

274
electro-optic effect of KTN crystal

292–294, 302–304
electrostatic dielectric capacitors 393
electro-strain 89–94, 105, 106, 286–291
electrostrictive effect 311

applications 333–334
characterization of 312–314
fundamentals and history 311–312
lead-free piezoelectric ceramics

316–327
in piezoelectric materials

ferroelectric polymers 329–330
hybrid perovskite ferroelectrics

332–333
lead-based ferroelectrics 327–329
molecular ferroelectrics 330–332
optimization of electrostrictive strain

316
electrostrictive polymers 333
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electrostrictive strain 322, 350
optimization of 316
temperature-stable 316

electrowinning 281
energy harvesters 237

application IEEE 159, 160
textured piezoceramics 237–239

energy harvesting 479, 487
flexibility 538–539
porous piezoelectric materials 496,

508–510
energy storage density, definition of 342
energy storage efficiency 343, 357, 363,

368
energy storage performance

of dielectric materials 344
of PZ-based AFE materials 380

energy storage properties
of high-entropy RFE ceramics

377–378
of high-temperature dielectrics

392–393
of NN-based dielectric materials 382
of PLZST-based antiferroelectric

materials 381
of polymer blends 391

epoxy resin 161, 499, 514
equal-diameter growth of KTN crystal

277–278
Ewald sphere 17, 18, 20
explosive driven ferroelectric generator

design 563–567
extrinsic and domain-wall motion

mechanisms of piezoelectricity
28–30

extrinsic microstructural characteristics
201

f
fabrication of piezo-bioelectronic device

structure design 0D, 460–461
FEG pulsed power generation 567–569
ferroelastic switching 117, 118
ferroelectric ceramics

bulk ceramics 428–435

ceramic films 424–428
MLCs 436–438

ferroelectric generators (FEGs) 553, 554,
563–567

ferroelectric materials 553
applications

electrical breakdown problems
566–567

explosive driven ferroelectric
generator design 563–566

FEG pulsed power generation
567–569

lead-free ferroelectric compounds
558, 561–563

lead zirconate titanate 554
PZST 556–558
PZT 52/48 557–558
PZT 95/5 554–556

ferroelectrics@polymer matrix
composites 123

ferroelectrics 23
phase 170
polarization of BLSFs materials 170
polymers 329–330, 384–388
properties of K1–xNaxNbO3 Crystals

285, 287
film capacitor 341, 342, 354–356, 394,

399
first law of thermodynamics 4
flexibility

development 521
electrical stimulation therapy

539–542
electromechanical conversion 521
energy harvesting 538–539
inorganic piezoelectric material

523–531
organic matrix 522
organic piezoelectric materials

bio-based materials 533–534
molecular ferroelectrics 534–535
organic-inorganic hybrid lead halide

533
PVDF 532

power supply 521
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flexibility (contd.)
sensors 535–538
working mechanism 522–523

flexible molecular ferroelectrics 122
fluorenyl polyester (FDAPE) 393
flux method 36, 66, 271
force-electrical effect 553
freeze-casting method 504
freeze-cast porous PZT ceramics 509,

510
functional defects 257

g
gel casting 500–502
glass ceramics 365, 369–371
gradient refractive index (GRIN) optical

devices 304–305
grain-oriented ceramics 201
graphene nanoplatelet-loaded

polydimethylsiloxane
(GNPs-PDMS) patch 578

guided bone regeneration (GBR) therapy
585

h
heat treatment technology 172
Hermann–Mauguin symbol 14
heterostrain 93, 94
hierarchically interconnected

piezoceramic textile (HIPT) 526
high-energy ball milling method 145,

172
high-entropy relaxor ferroelectric

ceramics 377, 378
high-frequency array transducers 583
high-performance piezoelectric

biomaterials 587
high-piezoelectric properties of KNN

materials 269
high-temperature BiScO3-PbTiO3

piezoelectric ceramics 139–162
high-temperature nanocomposites

398–400
high-temperature piezoelectric ultrasonic

transducer (HTUT) 193

high-temperature stability considerations
392–393

hot forging (HF) 172, 175, 176, 195
hot-pressing (HP) 144, 172, 175, 195,

231, 381, 531
human epidermal growth factor type 2

receptor (HER2) 464, 465
hybrid perovskite [(CH3)4N]MnCl3 116
hybrid perovskite ferroelectrics 332–333
hydrofluorocarbons (HFCs) 423
hydrogel-based composites 126
hydrothermal method 171, 172, 174
hysteresis loop, defined 23

i
ice template method 504
ImClO4@BC hydrogel composites 126
imidazolium perchlorate (ImClO4) 119,

120, 124, 126, 535
implantable acoustic energy transfer and

communication device (AECD)
578

implantable energy harvesters
self-powered systems 574–577
ultrasonic wireless-powered systems

577–580
inner electrodes preparation 352
inorganic-based laser lift-off (ILLO) 458,

468
inorganic bio-piezoelectric materials

455
inorganic dielectric materials

antiferroelectric ceramics 377–379,
384

liner dielectric ceramics 365–371
relaxor ferroelectric ceramics 371–377

inorganic piezoelectric materials 456,
458

BaO-TiO2 system 531
bismuth layer-structure 531
FY-PNG 531
hot-pressing process 531
perovskite-structured materials

components 523
dipping method 526
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HIPT 526
(K,Na)NbO3-based (KNN-based)

525
lead 523
nano-sized grains 526
1D BaTiO3 materials 525
PZT 524
self-assembled technology 525
stretchability and mechanical

durability 525
thin film 527
3D framework 527
two/three-dimensional 525

2D piezoelectric materials 529–531
wurtzite-type materials 527–529

interface engineering 376, 394, 400
interfacial polarization (Pint) 96, 126,

132, 345, 347, 390, 398
intravascular photoacoustic (IVPA)

transducer 582
intrinsic breakdown 348–349
intrinsic crystallographic characteristics

201
ionic polarization (Pi) 345–347
ionization and displacement effects 192

k
Kerr effect (quadratic electro-optic effect)

292
(K, Na)NbO3 (KNN)

based ceramics 323–324
thin films 259–261

K0.5Na0.5NbO3 (KNN)-based ferroelectric
ceramics 58, 66, 377, 433

KNN-based ceramics 51–65, 222–225,
323, 324

KNN 1-3 composites for ultrasound
imaging transducers 582–583

KNN single crystals
crystal growth of 271–274
dielectric properties of 281–282
giant electro-strain of 286–291
high-piezoelectric properties of 269
piezoelectric and ferroelectric

properties of 282–286

segregation effect of 274–277
structure of 278–281
top-seeded solution crystal growth

270–271
K15 sensor 193
KTN single crystals

crystal growth of 271–274
electro-optic effect of 292–294
electro-optic modulation devices based

on
electric-field-controlled

two-dimensional optical beam
scanner 307

GRIN optical devices 304
photorefractive effect 306

equal-diameter growth of 277–278
near Curie temperature 295–298
structure origin of electro-optic effect in

linear electro-optic effect and
ferroelectric domains structure
298–301

quadratic electro-optic effect and
polar nano-regions 301–304

top-seeded solution crystal growth
270–271

l
lamination 352
Landau free energy simulation 75, 76
large electro-strain 90–91
large-scale industrial production of

dielectric films 354
lattice parameter of BIT 169
lattice parameters of K1-xNaxNbO3

Crystals 279–280
Laue classes 8, 14
layer-wise slurry AM 214
LCR digital bridge impedance meter 281
lead-based ceramics 40, 71–73, 314, 315,

327–329, 562, 563
lead-based ferroelectrics

lead-based ceramics 327–329
lead-based single crystals 327

lead-based piezoelectric materials 467
adaptive lenses (ALENS) 44
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lead-based piezoelectric materials (contd.)
challenges and prospects 46–47
electro-optic modulator 43
lead-based relaxor ferroelectrics

35–36
lead zirconate titanate, PZT 33–35
local structure heterogeneity to boost

piezoelectricity 36–37
medical ultrasonic transducer 43
piezoelectric metamaterials 42–43
solid-state crystal growth (SSCG)

41–42
texture technology (templated grain

growth) 37–41
underwater acoustic transducer 43

lead-based piezoelectrics 36, 43–46,
219–222, 467

lead-based relaxor ferroelectrics 35–36
lead-based single crystals 66, 308, 327
lead-free based piezoelectrics 222

BNT-based ceramics 225–228
BT-based ceramics 228–231
KNN-based ceramics 222–225

lead-free ferroelectric compounds
AgNbO3 561–562
BiFeO3 563
NBT 558–561

lead-free linear array ultrasonic
transducer 583

lead-free perovskite piezoelectric
materials

bismuth ferrite 96–106
sodium bismuth titanate 85–96

lead-free piezoelectric ceramics
BaTiO3-based ceramics 316–320
BiFeO3-based ceramics 325–327
(Bi0.5Na0.5)TiO3-based ceramics

320–323
(K, Na)NbO3-based ceramics 323–324
NaNbO3-based ceramics 324–325

lead-free textured ceramics 222, 234, 235
lead magnesium niobate (PMN) 434,

435, 498
lead zirconate titanate (PZT) 33–35, 312,

455, 498, 553, 554, 556–558
Lepidocrocite compounds 209

liner dielectric ceramics
glass ceramics 369–371
SrTiO3 based ceramics 367–369
TiO2 based ceramics 365–367

liquid phase sintering (LPS) 103, 146
Lotgering coefficient of ceramics 175
Lotgering method 207
LPFM 180

m
machine direction (MD) 208, 355
magnetic field orientation technology

175
magnetic slip casting 213, 214
March–Dollase texture model 208
mask-image-projection-based

stereolithography (MIP-SLA)
method 584

maximum polarization (Pmax) 95, 353,
363, 386, 396, 505

Maxwell–Wagner–Sillars polarization
347

Maxwell–Wagner space charge relaxation
model 183

medical ultrasonic transducers 43, 46,
581

metal-free organic perovskite molecular
ferroelectrics 120

micro-displacement actuators 311, 312,
334

mm-scale flexible LF-PUEH device design
486–487

molecular ferroelectrics, piezoelectricity
330

in composites 122–126
crystalline thin films 119–120
in crystals 116–118
in molecular solid solutions 126–127
nanoparticles 127–128
in plastic polycrystals 120–122

molecular solid solutions 126–127, 129
molten salt method 171, 174, 175, 195,

531
molten salt synthesis (MSS) 212
Moore’s law 253
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morphotropic phase boundary (MPB)
30–31, 35, 53, 126, 139, 557

A-site and B-site doping 148–149
Bi-based end-member mixing

149–150
Pb-based compound treatment

151–153
morphotropic phases 30–31, 34, 35, 53,

62, 85, 126, 139, 256, 258, 325, 371,
428, 459

multilayer ceramic capacitors (MLCCs)
351

degreasing and co-firing 352
external electrode printing, packaging,

and testing 352–354
inner electrodes preparation 352
lamination 352
preparation of casting slurry 351
tape-casting process 351–352

multi-layer ceramics (MLCs) 436–438,
440, 442–444

multiple of a random distribution (MRD)
207

n
NaNbO3-based antiferroelectric ceramics

381–382
NaNbO3-based ceramics 324–325
NaNbO3-like perovskite 52
nano-scale domains 60, 296, 324
NBT-8BA ceramics 560, 561
necking process 271, 273
Neumann principle 6–9
neural stimulation 541, 574, 587–590
neuromodulation 483
nonferroelectric polymers 388–391

energy storage properties 389
non-perovskite structured templates

209, 211–212
non-reactive polymer phase 499

o
1D-filled nanocomposites 395–396
1D piezo-bioelectronic nanomaterials

461, 462

optical indicatrix 292, 293
oral care 479
organic bio-piezoelectric materials 455
organic dielectric materials

polymer-based dielectrics for energy
storage 384–391

organic piezoelectric materials
bio-based materials 533–534
molecular ferroelectrics 534–535
organic-inorganic hybrid lead halide

533
PVDF 532

organic thin film capacitors 354–356
organs and tissues regeneration 476
orientation distribution function (ODF)

207, 208
orientation polarization 346
orthorhombic-tetragonal (O–T) phase

boundary 53
Ostwald ripening process 202, 203
O–T phase transition temperature 54
4,4′-oxydianiline (ODN) 392

p
paraelectric phase 28, 69, 117, 121, 169,

170, 177, 269, 274, 281, 292, 302,
314, 315, 317, 324, 327, 426, 428,
429, 431, 434, 435

partial discharge breakdown 348–350
PATP-modified BCT-BZT NFs 396
Pb-based compound treatment

151–153
Pb-based relaxor ferroelectric ceramics

371–372
(Pb, La)(Zr, Sn, Ti)O3-based

antiferroelectric ceramics
380–381

PbZrO3-based antiferroelectric ceramics
379–380

Pb(Zr,Ti)O3 thin films 258–259
PDMS-based composites 123–125
perovskite-layered structured (PLS)

compounds 233
perovskite platelets 211
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perovskite-structured piezoelectric
materials

components 523
dipping method 526
HIPT 526
(K,Na)NbO3-based (KNN-based) 525
lead 523
nano-sized grains 526
1D BaTiO3 materials 525
PZT 524
self-assembled technology 525
stretchability and mechanical durability

525
thin film 527
3D framework 527
two/three-dimensional 525

PFM-aided characterization and design
128–131

phase boundaries vs. piezoelectricity
85–86

phase boundary engineering 53–56
phase-separation methods 499
phase transition process 71, 168, 270,

562
photoacoustic and piezo-ultrasound

hybrid-induced lead-free energy
harvester for 3D twining wireless
multifunctional implants
578–579

photodynamic-acoustodynamic hybrid
therapy 592

photorefractive effect 306
physical vapor deposition (PVD) method

355
piezo-bioelectronic device

applications 487–488
biomolecular materials 459–460
biosensing 468

biomedical pressure sensing 474
physical health monitoring

468–473
prosthetic devices 474–476

disease treatment
cancer 476–479
oral care 479

organs and tissues regeneration 476
energy harvesting 479–487
fabrication of 460–467
inorganic ceramics 456–458
polymers 458–459
properties of 456, 457

piezo-bioelectronic device fabrication
modification and packaging 464–467
structure design

1D 461–462
2D shape 462–463
3D 463–464

piezocaloric effect 5
piezo-catalysis

definition of 590
for nondestructive tooth whitening

479, 480
piezocatalytic therapy in vivo 480, 491
piezocatalytic tumor therapy 590, 591
piezoelectric actuators 45, 158, 235–237,

329, 333
piezoelectric coefficients

Cartesian coordinate system 9–10
center of inversion 8
mirror plane 8–9
Neumann principle 7–9
simplified definitions of

converse piezoelectric effect 3–4
direct and converse piezoelectric

coefficients 4–5
direct piezoelectric effect 3
typical values of 5

space symmetry groups 10–14
tensors of 5–6, 14
voigt/matrix notation for piezoelectric

coefficient 6–7
piezoelectric composites 158, 459,

497–499, 576
preparation 576

piezoelectric effect, direct 495
piezoelectric energy harvesters (PEHs)

122, 123, 126, 238, 456, 479, 481,
574

piezoelectricity 1
bismuth ferrite
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BF-BT solid solution 103
BF-ions 103, 104

molecular ferroelectrics 116–128
by third-rank tensor

tensor of piezoelectric coefficients
5–6

voigt/matrix notation for
piezoelectric coefficient 6–7

piezoelectric metamaterials 42–43, 46,
47, 593

piezoelectric micro-displacement
actuators 311

piezoelectric micromachined ultrasonic
transducers (pMUT) 254, 255

piezoelectric properties 53
phase boundary engineering 53–56
physical mechanisms 58–61
structural heterogeneity 61–62
texturing 56–57

piezoelectrics-based energy harvesters
(PEHs) 122, 123, 126, 574

piezoelectric sensors, BIT 194
piezoelectric thin films 255

applications of 253–255
direct piezoelectric effect 261–263
(K,Na)NbO3 (KNN) 259–261
novel science of new material phases

255
Pb(Zr,Ti)O3 thin films 258–259
reverse piezoelectric effect 263

plasticity, definition 121
plastic molecular ferroelectric

[C(NH2)3]ClO4 121–123, 125
plastic polycrystals 120–122
PMN-PT ferroelectric 44, 327
PMN-xPT-based bulk ceramics 434–435
Pockels effect (linear electro-optic effect)

292
polarization-electric field (P–E) 23, 27,

184, 505–506
loops 505

polarization mechanisms 342, 345–347,
401

polar nano-regions (PNRs) 35, 60, 61,
295, 298, 301–304, 316, 317, 324,
367, 372, 377

poled ferroelectric materials 553
poling process 88, 299, 311, 495, 505, 553
polycrystalline ferroelectric ceramics

24–26
polycrystalline synthesis 272
polydimethylsiloxane (PDMS) 44, 123,

126, 128, 467, 474, 478, 499, 503,
510, 522, 527, 531, 539, 576, 578

polyimide 392
polymer-based capacitors 399
polymer-based dielectric composite films

393, 394
polymer-based dielectrics for energy

storage
blended polymers 389–391
ferroelectric polymers 384–388
high-temperature stability

considerations in 392–393
nonferroelectric polymers 388–389
size consideration in 391–392

polymer based piezoelectric biosensors
471

polymorphic phase boundary, in KNN
system 260

polyurethane (PU) 125, 334, 458, 525,
534

polyvinylidene difluoride (PVDF) 130,
384, 390, 499, 500, 521, 522, 531,
532, 585

copolymerization of PVDF 387
organic piezoelectric materials

porous piezoelectric materials
acoustic impedance 496
advantages 497
biomedical 511–513
catalysis 510, 512
ceramics 498
classification 497
composites 499
direct piezoelectric effect 495, 496
disadvantages 495
energy harvesting 496, 508–510
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porous piezoelectric materials (contd.)
energy storage 513–514
fabrication techniques 497

additive manufacturing 502–503
BURPS 500–501
freeze-casting method 504
gel casting 501, 502
replica template method 503–504

hydrostatic voltage coefficient 496
modelling and characterization

dielectric and piezoelectric properties
506–507

electric field distribution 505
mechanical properties 507
polarization-electric field loops

505–506
parameters 495
phases 497
poling process 495
polymers 499
sensors 510
thin film 500

porous piezoelectric polymers 499
potassium sodium niobate (KNN) 51

based single crystals 66
based thin films 65
ceramics

emerging phenomena 63
piezoelectric properties 53–62
synthesis of 51–53
temperature stability 62–63

power density, ceramic capacitors 344
precision positioning technology 311
Press & Folding (P&F) technique 386
printed circuit board (PCB) 590
pseudo-perovskite 167, 209, 231
PST-based bulk ceramics 435
PU-based composites 125–26
PVDF/HHE piezoelectric nanofibers

471
P(VDF-TrFE) copolymers 458, 459
P(VDF-TrFE-CTFE) compositions

388
pyro-catalysis for tooth whitening 481
pyromellitic dianhydride (PMDA) 392

PZT-based bulk ceramics 433–434

q
quadratic electrostriction and

piezoelectricity 26–28
quinuclidinium-related compounds 122

r
radio frequency (RF) wireless

communications 253
reactive oxygen radicals 477
reactive oxygen species (ROS) 461,

477–481, 487, 590, 591
reactive templated grain growth (RTGG)

203, 228, 231
recoverable energy storage density (Wrec)

363
refraction index ellipsoid 292
refrigeration 33, 78, 423, 424, 428, 434,

438, 443, 444
regenerative engineering 476
relaxor ferroelectric ceramics 371

BaTiO3 (BT) 373, 376
Bi0.5Na0.5TiO3 based ceramics

372–373
high-entropy relaxor ferroelectric

ceramics 377, 378
Pb-based relaxor ferroelectric ceramics

371–372
relaxor ferroelectrics 36

single crystals 5
relaxor-antiferroelectrics (RAFE) 364
relaxor-PT textured ceramics 233
remnant polarization (Pr) 69, 85, 99,

145, 225, 311, 320, 322, 363, 386,
387, 401, 505, 506, 553, 562, 568

replica template method 503–504
Restriction of Hazardous Substances

Directive (RoHS) 51
reverse piezoelectric effect 261–263
Ruddlesden–Popper compounds 209

s
sacrificial template method 500
SbSI ceramics 201
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scandium lead tantalite (PST) 435,
438–440, 442, 444

Schottky barrier 103, 401, 465
seed-free solid-state crystal growth

(SFSSCG) method 66, 582
segregation effect of KNN and KTN

crystals 274–278
segregation phenomenon of single crystal

272
self-powered gustation electronic skin

475
self-powered photodynamic therapy

(s-PDT) system 463
self-powered piezoelectric sensors 126,

468
self-powered systems 521, 574–577
self-powered wireless data transmission

484
sequential biaxial orientation 355
shock-induced depolarization and

repolarization of PZST ferroelectric
ceramics 557

shock wave depolarization of PZT 52/48
557

shoulder placement process 273
simultaneous biaxial orientation

355
single crystal X-ray diffraction

angular displacement of Bragg peaks
20

in BiB3O6 20–23
geometry of 17–18
strain and rotation in the real and

reciprocal space 18–20
sintering

densification and texture evolution
216–219

processing 145–148
sodium bismuth titanate (BNT) 431

BNT-based materials 95–96
depolarization phenomenon

86–89
depolarization temperature Td vs.

piezoelectricity d33 89
electro-strain 91–94

large electro-strain 90–91
phase boundaries vs. piezoelectricity

85–86
sol-gel method 65, 89, 144, 145, 155, 171,

174, 368, 371, 427, 500, 526
solidly mounted resonators (SMR) 254,

255
solid-state conversion of single crystals

41
solid-state crystal growth (SSCG) 41–42,

66, 582
solid-state single-crystal growth 41
solution combustion synthesis 172, 174
sonodynamic therapy 461, 591
spark plasma sintering (SPS) 52, 141,

172, 175, 176, 231, 366, 429, 431
speech recognition 475, 476
SrTiO3 based ceramics 367–369
SSR method 170, 171
strain engineering 256, 261
stress-induced ferroelectric (FE) to

antiferroelectric (AFE) phase
transition 562

structural health monitoring (SHM)
192

surface acoustic wave (SAW) resonators
254, 255

synergistic chemotherapy-piezoelectric
therapy 591

t
tape-casting process 213, 214, 351
temperature stability 345

high-temperature stability
considerations 392–393

KNN-based ceramics 62–63
temperature-stable electrostrictive strain

316
template-assisted methods 499, 526
templated grain growth (TGG) 146, 175,

202, 207
reactive 203, 228, 231
technology 38

tensor of piezoelectric coefficients 5–6, 9
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ternary lead-based textured ceramics
40

tert-butyl alcohol 502
tetrodotoxin (TTX) 588
textured ceramics 201

BNT-BT 225, 228
crystallographically 201

textured perovskite-structured
piezoelectrics

lead-based piezoelectrics 219–222
lead-free based piezoelectrics

222–231
with other structures 231–233

textured piezoceramics
device applications

energy harvesters 237–239
piezoelectric actuators 235–237
ultrasonic transducers 233–235

enhancing electrical properties
219–233

fundamental basis for 202
high-performance electronic

applications 201
phase via Ostwald ripening process

202
template selection and synthesis

non-perovskite structured templates
211–212

perovskite-structured templates
209–211

template alignments and inducing
texture 212–216

templated grain growth (TGG)
202–207

texture analysis 207–09
texture engineering 201, 202, 237
texture technology (templated grain

growth) 37–41
thermal breakdown 348–350
thin-film bulk acoustic resonators (FBAR)

254, 255
3D piezo-bioelectronic materials 463
3D printing 47, 502, 584, 593
TiO2 based ceramics 365–367
Ti-O bond lengths 169

tissue engineering 584, 587
topochemical conversion (TMC)

209–211
top-seeded solution crystal growth

270–271
top-seeded solution growth method

(TSSG) 66, 270, 271, 274, 275,
308

traditional solid-state sintering method
172

trans-gauche conformation 385
transducers application 156–158
transverse direction (TD) 355
transverse impact depolarization

high-voltage experiment 557
Tungsten bronze (TB)

family 231
structured templates 212

2D-filled nanocomposites 396–398
2D piezo-bioelectronic nanomaterials

462
two-layer PMN-PT implantable system

for powering cardiac pacemaker
575

two-phase piezoelectric composites
498

two-step sintering (TSS) method 53,
141, 144–146, 155, 353, 429, 431,
434

u
ultrasonic energy transfer (UET) 577
ultrasonic nondestructive inspection

(UNDE) 192
ultrasonic transducers 43, 46, 86,

156–157, 193, 201, 233–235, 255,
581–584

ultrasonic transfer method 578
ultrasonic wireless-powered systems

577–580
ultrasound bio-microscopy (UBM) images

582
ultrasound imaging transducers

581–584, 592
unit cells (UC) PbTiO3 thin films 256
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v
vacuum dielectric constant 342
VPFM signal 179

w
wearable smart devices 521
Weibull distribution 348
wurtzite-type materials 527, 528

z
0D-filled nanocomposites 394
0D piezoelectric bioelectronic materials

461
ZnO@microporous organic polymer

synthesis 464–465








