
375

Index

a
active dielectrics 40–43, 51
aerospace electrical equipment

epoxy resin nanocomposites 284, 285
insulating materials

breakdown strength reduction
277–278

increased dielectric loss factor
275–276

partial discharge and accelerated
aging 278–279

space charge accumulation and
electric field distortion 276–277

substantial drop in resistivity
272–275

vacuum surface flashover voltage
279–280

polyetherimide nanocomposites
282–284

polyimide nanocomposites 280–282
polytetrafluoroethylene composites

285–288
strong insulating polymer dielectrics

characteristics of polyimide
305–307

corona resistance life of polyimide
304–305

electrical tree characteristics
301–302

micro/nano-doped epoxy resin
composites 302–304

strong nonlinear conductivity
charge accumulation and electric

field distortion 288–290
high energy electron irradiation and

working voltage 290–292
nonlinear conductivity 292–295

vacuum DC surface discharge
incident electron beam

characteristics 297–298
insulation distance and electrode

height 298–300
effect of electron beam irradiation

296–297
mechanism of 296–297

affinochromism 332
alicyclic amine (ACA) 88
aliphatic epoxy resins 182
all-organic polymer composites 92–94

polymer blends 90–92
polymer doped with organic fillers 92

aromatic polymer 67, 243, 244, 246, 257
atomic layer deposition (ALD) 83, 242

b
benzocyclobutene resin 165–167
benzoxazine resins 167, 195
biaxial-oriented polypropylene (BOPP)

58, 240
bipolar charge transport processes 290
bis(benzocyclobutene) (c-BCB) 70
bismaleimide 194, 201, 202, 215
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bisphenol-A epoxy resins 88, 182, 229,
343

Boltzmann constant 47, 62, 274
boron nitride nanosheet (BNNS) 13, 71,

170, 245, 248, 280

c
carbon neutrality 57, 106
charge–discharge efficiency 58, 60, 72,

73, 94, 248
chemical vapor deposition (CVD) 80, 83
Clausius and Mosotti/Lorentz model 28,

30
Clausius equation 61
commercial high-temperature polymer

9–11
composite materials 13–14
conduction phenomena 38–40
conjugated polymers 88, 324, 325,

330–334
copper-clad laminate (CCL) 157, 181,

192, 202–203, 205
core@shell nanofillers

inorganic shells for 79–80
organic shells for 77–79

corona resistance 15, 304–305
cross-linked polymer 4, 12, 87–88,

248–250, 257, 348, 350
cyanate resin (CE) 215, 233
cyanylated polymer (PEEK-CN) 5
cycloaliphatic epoxy resins 182

d
Debye’s equations 29, 33–34
Debye’s relaxation theory 34
4,4-diaminodiphenyl ether (4,4′-ODA)

73, 199, 236
dicumyl peroxide (DCP) 87
dielectric capacitor 57–59, 61, 63, 67, 85,

94
dielectric constant 24, 26, 33, 43, 58,

61–63, 66, 70, 73, 80, 81, 84, 89,
116, 126, 129, 139, 156, 157, 160,
161, 164, 165, 167, 168, 170, 171,
195–197, 201, 202, 206–208, 210,

211, 215–217, 219–221, 241–245,
248–250, 252, 253, 274, 275, 277,
278, 280, 282, 287, 344

dielectric loss factor 157, 164, 270,
275–276, 280–282, 288

dielectric permittivity 2, 23–27, 29–34,
36, 41, 42, 44–46, 170, 172

dielectric polarizability 24–27
dielectric polymers 58–61, 63, 65–69, 72,

75, 80, 81, 83, 87, 90, 93–95, 159,
181, 221, 240, 243, 244, 248, 257,
283, 284, 314, 336, 337, 339, 343,
345, 346, 348, 351, 352, 369

dielectric relaxations, in polymers 43–44
dielectrics

active dielectrics 40–43
conduction phenomena 38–40
definition of 21–22
dielectric permittivity 23–27
dielectric polarizability 24–27
dipole moment and types of dielectric

materials 22–23
heat capacity 47
polarization

static electric field 24–32
time varying electric field 32–38

polymer matrix composites 45–46
thermal/heat conduction 50

dielectric spectroscopy 32, 125–130
differential scanning calorimetry (DSC)

5, 254
dipole moment 22–24, 26, 27, 29, 31, 41,

44, 61, 62, 70, 88, 94, 196, 215, 275,
307

dipole’s local electric field 27–29
dry-type bushing 228–233
dynamic dielectric analysis (DEA) 9
dynamic thermomechanical analysis

(DMA) 5–6

e
electrical conductivity 59, 63, 65, 66, 75,

76, 83, 117, 129, 137, 275, 277, 293,
295, 332

electric dipole 22, 23, 61
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electric packaging materials 154, 157,
159

electronic displacement polarization 61
electronic packaging

composite dielectrics
inorganic fillers 169–171
inorganic porous fillers 171
organic porous fillers 171–172

development of 150–152
high-temperature polymer dielectrics

benzocyclobutene resins 165–167
benzoxazine resins 167
epoxy resins 163–166
organic porous materials 168
polyaryl ether 167–168
polyimide 160–163

requirement of
dielectric properties 155–157
dynamic thermomechanical

properties 157
moisture absorption 159
thermal conductivity 158–159
thermal expansion coefficient

157–158
encapsulated systems 324, 325,

333–335
energetic electron irradiation 280
energy density 46, 57–60, 72, 73, 84, 169,

248, 365, 366
energy storage

capacitors 57, 59, 62, 71, 72, 82, 86, 92,
365

density 60, 242, 243, 248, 257
parameters 60–61, 67, 68

engineering plastics 201, 241, 251–253,
257, 271, 366

EP/ZIF-8 composites 173
epoxy-based dielectric polymers 346
epoxy resin (EP) 163–165

curing agent 232
filling modification 232–233
molecular chain change 229–232
nanocomposites 284, 285
properties and application of 184–185
structure of 182–183

used for CCL in PCB 185–188
equivalent series resistance (ESR) 61

f
film capacitors 59, 66, 67, 69, 88, 95,

227, 239, 240, 244, 249, 256, 257,
366

fire performance index (FPI) 121, 217
flame resistance 120, 121, 141
flip-chip package-on-package (PoP) 152
fluorinated PI 161, 163, 205
fluorinated polymers 4, 104, 244
fluorine-containing monomers 161, 162
Fowler–Nordheim tunneling 64, 66
frequency dependent dielectric

permittivity 33–34
fusible polyimides 200

g
glycidylamine epoxy resins 182
glycidylester epoxy resins 182
glycidylether epoxy resins 182

h
heat capacity 4, 47–51, 159
heteroaromatic polymer 243, 244, 246,

257
high-angle annular dark field (HAADF)

mode 78, 79
high-frequency power transformer

227–233, 256
high-performance polymer composites

160
high-temperature capacitor materials

all-organic polymer composites
92–94

polymer blends 90–92
polymer doped with organic fillers

92
conductive/semi-conductive fillers

74–76
core@shell nanofillers

inorganic shells for 79–80
organic shells for 77–79

electrical characteristics
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high-temperature capacitor materials
(contd.)

dielectric breakdown strength
63–64

dielectric constant and dielectric loss
61–63

electrical conduction and charge
injection 64–65

energy storage parameters 60–61
inorganic insulating fillers

with metal oxides 70–71
nitrides and fluorides 71–74

insulating and semi-conductive fillers
76

layered polymer composites
polymer films with inorganic layers

80–83
sandwich-structured

nanocomposites 83–85
novel polymers

commercial high-Tg polymers
86–87

cross-linked polymers 87–88
polymers with polar groups 89–90
wide bandgap polymers 88–89

polymer/inorganic nanofiller
composites 69–76

self-clearing abilities of 67–69
thermal characteristics of 65–67

high-temperature dielectric polymer
benzocyclobutene resins 165–167
benzoxazine resins 167
development

cost and scale-up production
367–368

polymer-based high temperature
composites 367

temperature stability 365–366
epoxy resins 163–165
intrinsic high-temperature polymers

368–369
large-scale industrial production

370
organic porous materials 168
polyaryl ether 167–168

polyimide 160–163
polymer-based high temperature

composites 369
polytetrafluoroethylene 240–242
polyvinylidene fluoride 242–243

high-temperature polymers
commercial high-temperature polymer

9–11
composite materials 13–14
development of 2–3
differential scanning calorimetry

(DSC) 5
dynamic dielectric analysis (DEA) 9
dynamic thermomechanical analysis

(DMA) 5–6
inorganic fillers 169–171
inorganic porous fillers 171
molecular structure modification

11–13
organic porous fillers 171–172
parameters of 3–5
static thermomechanical analysis

(TMA) 7–8
thermal conductivity 8–9
thermogravimetric analysis (TGA)

6–7
high-temperature resistant dielectric

material for IGBT
engineering plastics 252–256
silicone gels 251–252

high-temperature resistant dielectric
material for capacitor

crosslinked polymer 248–250
high-temperature dielectric polymer

240–245
nanocomposite material 245–248

hollow glass microsphere (HGM) 171,
210, 214

1,3-2 (4-hydroxyphenyl) amamantane
diglycidyl ether (DGEBAD) 230

i
ILD/IMD materials, in advanced

microchips 160
inorganic dielectric 1
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inorganic fillers 2, 13, 14, 79, 117, 119,
159, 160, 169–171, 197, 218, 234,
241, 257, 280, 284, 367, 368

insulating fillers 70–72
porous fillers 171

inorganic nanoparticles
inorganic shells for 79–80
organic shells for 77–79

insulated gate bipolar transistor (IGBT)
engineering plastics 252
silicone gels 251–252

insulating materials 39, 43, 103–106,
110, 113–119, 121, 125–140, 184,
191, 192, 251, 269, 270, 272–280,
290, 295–297, 299, 301, 304, 313,
314, 324, 337

integrated 5G/satellite 6G communication
149, 150

integrated circuit (IC) 149, 185, 195
interfacial polarization 25, 45, 61, 62, 80,

89
intrinsic high-temperature polymers 14,

368–370
intrinsic self-healing dielectrics by

reversible bonds/interactions
348–351

k
Kapton® polyimide (4,4′-oxydipheny-

lene-pyromellitimide) 104

l
layered polymer composites

polymer films with inorganic layers
80–83

sandwich-structured nanocomposites
83–85

life cycle control, of biomimetic smart
materials 314

limited oxygen index (LOI) 120
linear phenolic resins 192–194
liquid crystal polymer (LCP)

structure and properties of 211–213
used for PCB 213–215

low-density polyethylene (LDPE) 81

m
Maxwell–Wagner–Sillars polarization 62
melting interdiffusion by

magnetic/microwave heating of
nanoparticles 337–341

metal-organic frameworks (MOFs) 171,
217

metal oxides composite 70, 71
microcapsule-based self-healing

dielectrics 342–348
microcapsule-based self-healing methods

344
microcapsule/polymer composites 333
micro-multilayer multifunctional

electrical insulation (MMEI) 112,
113

micro/nano-doped epoxy resin
composites 302–304

montmorillonite (MMT) nanosheets 81,
330, 331

Moore’s law 155
MXene 74, 75

n
nanocomposites 74

material 245–248
sandwich-structured 83–85

nitrides and fluorides composites 71–74
nitrogen-containing phenolic resins

194–195
non-fusible and insoluble PI 199–200
nonlinear conductivity 288–295,

315–320, 322, 323
novel polymers

commercial high-Tg polymers 86–87
cross-linked polymers 87–88
polymers with polar groups 89–90
wide bandgap polymers 88–89

o
Ohmic law 65
Onsager model 30
organic porous fillers 171–172
organic porous materials 168
orientation polarization 62, 89
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p
partial discharges 79, 109, 130–133, 233,

277–280, 302, 313, 337, 339, 342,
349

pH-induced self-reporting technique
334

phenolic CCL 192
phenolic paper-based CCL 192, 196
phenolic resins

properties and applications 191–196
structure of 188
synthesis of 188–191
thermoplastic 189–190
thermosetting 190–191

4-phenylethynylphthalic anhydride
(PEPA) 87

photochromic compounds 324–329
photoswitchable conductive materials

325
PI-based polymer nanocomposites 73
plasma-enhanced chemical vapor

deposition (PECVD) 83
polarization

and dielectric permittivity 23–24
static electric field 24–32
time varying electric field 32–38

polyaryl ether (PAE) 160, 167–168
poly(aryl ether ketone) 79
poly(aryl ether sulfone) 77, 245
polybenzoxazine 167, 195–196
polycarbonate (PC) 66, 243, 244
polydiacetylenes (PDAs) 325
polyether amine (PEA) 88
polyetheretherketone (PEEK) 2, 66, 90,

106, 251, 254–256, 269
1,4-poly(ether fluoromethyl naphthalene

amide) (PNFA) 90
polyetherimide (PEI) 2, 59, 91, 112, 200,

243, 250, 255, 282–284
polyimide (PI) 160–163

characteristics 197, 201
cross-linked structure 237–239
in double-sided copper laminates

203–205
filling modification 234–235

in flexible copper-clad laminate
202–203

fusible 200–201
nanocomposites 75, 280–282
non-fusible and insoluble PI 199–200
one-step method 197–198
in rigid CCLs 201
rigid groups 235–237
three-step method 199
two-step method 198–199

polymer-based high-temperature
composites 367–369

polymer blends 90–92
polymer matrix composites 45–46
polymer nanocomposites 60, 67, 70–74,

76, 77, 79, 80, 94, 95, 248, 280, 338
polymers of intrinsic microporosity

(PIMs) 89
polyoxafluoronorbornene (POFNB)

polymers 11, 88
polyphenylene oxide 207, 218–220
polyphenylene sulfide (PPS) 11, 58, 214,

241, 243, 244, 251, 253, 366
poly(phthalazinone ether ketone) (PPEK)

11, 66
polytetrafluoroethylene (PTFE) 240–243

and breakdown strength measurement
287

composites 285–288
microstructure formation process 287
structure and properties of 207–209
used for PCB 209–211

polyvinylidene fluoride (PVDF) 58,
242–243

poly(vinylidene fluoride-co-hexafluoro
propylene) (P(VDF-HFP)) 74

Poole–Frenkel emission 65, 275
power and electronic equipment 269,

270, 320
power cables

aging and degradation 137–140
development and insulating materials

103–106
dielectric spectroscopy 125–130
extrusion technology 110–112
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insulating material
chemical resistance 122–125
corrosivity 121
electrical requirements 116
environmental and functional

considerations 119
flame resistance 120–121
heat release 121–122
mechanical requirements 118–119
radiation resistance 122
recapitulation of 125
smoke evolution 121
thermal requirements 117–118
toxicity 121

micro-multilayer multifunctional
electrical insulation (MMEI)
112–113

partial discharges 130–133
space charge and DC conductivity

133–137
wrapping technology 106–110

power density 57, 61, 106, 158, 164, 228,
248

PP/MgO/PP-g-mah nanocomposites 77
printed circuit board (PCB)

epoxy resin 182–188
phenolic resins 188–197
polyimides 197–206
polymer materials 206–221

pyromellitic dianhydride (PMDA) 9,
73

r
radiation resistance 10, 122, 124, 161,

200, 242, 269, 270
renewable energy 57, 58
roll-to-roll processed capacitor 58

s
sandwich-structured nanocomposites

83–85
sandwich-structured PAI composite film

8
Schottky emission 64–66, 79, 81, 88, 302,

316

secondary electron emission avalanche
(SEEA) model 296

self-adaptive dielectrics (SADs) 314–324
self-clearing processes 67, 69
self-cross-linking poly(arylene ether

nitriles) (PEN) 12
self-healing dielectrics

expectations 336–337
intrinsic self-healing dielectrics by

reversible bonds/interactions
348–351

melting interdiffusion by
magnetic/microwave heating
337–341

microcapsule-based self-healing
dielectrics 342–348

self-reporting dielectrics (SRDs)
conjugated polymers 330–333
encapsulated systems 333–335
photochromic compounds

325–330
stimuli-response materials and sensing

materials 324
silicone gels 251–252
silicone rubber (SiR) 269, 317, 319, 322,

323
smoke evolution 121
solid dielectrics 1, 35, 36, 51, 277, 278,

337
space charge-limited current (SCLC) 65,

273, 274, 294
space charge phenomenon 134
space charge polarization 89
SP photoswitchable solvatochromism

329
static dielectric permittivity 27, 29–32
static thermomechanical analysis (TMA)

7–8
stimuli-response materials 324
stored energy density 57, 58, 60
sulfonylated polymer (PEEK-SO2) 5
surface flashover 279–280, 296, 298,

321
system-in-package (SiP) design 151,

152
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t
Teflon® 104, 105, 107, 108
Tefzel® 104, 112
thermal conductivity 2, 5, 8, 9, 13, 50,

51, 63, 67, 72, 75, 76, 80, 117, 118,
141, 153, 154, 158–159, 164, 169,
170, 172, 187, 205, 206, 209, 210,
241, 242, 277, 368, 370

thermal/heat conduction 50
thermal interface materials (TIMs) 153,

154, 159, 170
thermally conductive and dielectric

polymer composites (TDPCs) 159
thermogravimetric analysis (TGA) 6–7,

139, 231

thermoplastic phenolic resins 188–190
thermosetting phenolic resin 188–191
triallyl isocyanurate (TAIC) 87
tung oil-modified phenolic resin

192–193

v
vacuum surface flashover 279

w
wide bandgap polymers 88–89

y
Young’s modulus 63, 70, 90










