
413

Index

a
active matrix (AM) backplane 16–19
adhesion 91
anisotropic conductive paste/films

(ACP/ACF) 407
anti-solvent process 128

b
biomolecule analysis 332
biosensors 84, 97
bipolar junction transistors (BJTs) 231
block copolymer method 220
brain machine interface (BMI)

applications 72

c
carbon black nanoparticles (CB NPs) 16
carbon nanotube (CNTs) 2, 55, 238

active matrix (AM) backplane
16–19

conventional microfabrication
processes 10

dry processes and solution
processes 8

integrated circuits 11
printing process 36, 39
single-wall carbon nanotube

(SWCNT) 7–10
stretchable conductors 21–23
stretchable strain sensor 23
stretchable thin-film

transistors 27–34
thin-film transistors (TFTs) 10–11

chemical vapor deposition (CVD) 165,
221

complementary metal-oxide
semiconductor (CMOS) 41, 67,
215

conductive additives (CNT) 179
conductive nanosheets

electrical properties 260–262
electrochemical properties 267
humidity sensors 272
inkjet printing 256
mechanical properties 263–267
microactuators 272–274
PEDOT:PSS conductive

nanosheet 255
roll-to-roll (R2R) gravure-

printing 258
structural properties 262–263
surface electromyogram (sEMG)

recording
alkaline components 271
electrical resistance 269
electrodes 269
normalized resistance

variations 271
personal monitoring systems 269
signal-to-noise ratio (SNR) 269

tattoo conductive nanosheets
274–277

conductive polymers 324
conventional bulk semiconductors 19
conventional microfabrication

processes 10, 44

Flexible and Stretchable Medical Devices, First Edition. Edited by Kuniharu Takei.
© 2018 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2018 by Wiley-VCH Verlag GmbH & Co. KGaA.



414 Index

d
deep reactive-ion etching (DRIE) 236
density functional theory (DFT) 146
deterministic transfer methods 354
digital printing 36
direct device-to-satellite

communication 230
direct tunnelling mechanism 219

e
electrical measurements

[electrocorticography
(ECoG) 381

electric double-layer supercapacitors
(EDLCs) 162

active carbon 164
binders and conductive

additives 164
carbon black nanoparticles 168
carbon nanotube (CNT) 168
charging and discharging

processes 163
CH4-plasma treatment 170
CVD strategy 166
electrode-electrolyte interfaces 165,

170
electrode materials 165
graphene based electrode 168
graphene hydrogels and

aerogels 171
graphene oxide 166
mesoporous carbon

nanospheres 168
1D micromaterials 165
PMMA spheres 169
3D porous structures 169
2D materials 166, 170
0D (nanoparticles) 168

electrode materials 385
electrolyte-gated organic field-effect

transistors (EGOFETs) 57, 60
electron-deficiency 147
electron-transporting

semiconductors 58
electrostatic self-assembled metal

nanoparticles 220
electrostatic self-assembly 26, 220

f
fabrication process 175, 274
Fick’s diffusion equation 141
field-effect transistors (FETs) 7, 231
finite element analysis (FEA) 371
finite element modeling (FEM) 70, 355
flexible and stretchable devices

e-skin device demonstrations 2
hybrid system 2
organic and inorganic materials 3

flexible and stretchable electronic
device 2

carbon nanotubes-based
materials 358

communication and regulation, for
nervous system 364

electrophysiology and optogenetics,
for brain 362

fabrication approach 358
materials, synthesis and

composites 352
mechanical strains 357
multi-functional electronic

sensors 358
organic pressure sensor 357
semiconductor procedures 357
skin-like electronics/optoelectronics

367
SWNT film 358
transient, bioresorbable

systems 370
flexible electronics

carbon nanotube
integrated circuits 11
thin-film transistors

(TFTs) 10–11
macro-scale flexible electronics 411
signal processing 411
wireless circuits and battery 411

flexible photovoltaics systems
advantages 105
copper indium gallium selenide

(CIGS)
device stability 113
molybdenum foils and titanium

foils 113
vacuum deposition technique 114



Index 415

current–voltage (I–V ) characteristics
107

electric neutrality 106
flexible organic–inorganic hybrid

photovoltaic systems
device structure and working

mechanisms 124
fundamental properties 123, 124
materials and methods 125

flexible substrates materials,
polymers 110

open-circuit voltage 107
organic photovoltaics (OPV)

device structure and working
mechanisms 116–118

flexibility and stretchability 121
fundamental properties 115
materials and methods 118–119

photo-generated electrons 107
power conversion efficiency 109
p-type semiconductor 106
short-circuit current 108
silicon photovoltaics

amorphous silicon 110
amorphous silicongermanium

(a-SiGe) 112
chemical vapor deposition

(CVD) 112
etching and transfer-printing

technique 112
fluorine-containing polymer 112
metal/zinc oxide 111
monocrystalline silicon 110
monocrystalline wafer 112
photon-to-electron conversion

efficiencies 112
polycrystalline silicon 110

space charge area 106
substrates materials

metals and alloys 109
polymers 110

thin-film solar cells 105
flexible printed circuit boards

(fPCBs) 240
flexible substrate 1
floating gate memory

characterization 221–223

device operation 216–217
direct tunnelling mechanism 219
flexibility 223–225
Fowler–Nordheim (F–N) tunnelling

mechanism 218–219
hot-electron injection mechanism

217–218
nano-floating gate 219–221

Förster resonance energy transfer
(FRET) 117

fourth generation solar cells 110
Fowler–Nordheim (F-N) tunnelling

mechanism 218–219
free-standing polymer electrodes 55

g
gate-electrode engineering 56
global positioning systems (GPS) 230
Gouy–Chapman model 163
graphene 221, 236
gravure printing 41, 86

h
hard and soft acids and bases (HSAB)

concept 154
health-monitoring devices/sensors

biochemical signals, detection
approaches

blood sugar sensors 299
flexible pH sensors 297
pulse oximeters 299
VOCs analysis 302

electrophysiological signals 304
human activity and physiological vital

signs 288
micro/nanoscale morphologies 287
multifunctional flexible

sensors 306–309
physical bio-signals 289
pressure and strain sensors 289–293
prosthetics and rehabilitation 309,

311
sports and fitness 309
telemedicine and self-diagnosis of

disease 311
wearable devices 287
wound therapy 311



416 Index

helically coiled carbon nanotubes
(HCNTs) 165

highest occupied molecular orbital
(HOMO) 115

hot-electron injection mechanism
217–218

hybrid dielectrics 35
hybrid supercapacitors 163
hyperelastic light-emitting capacitor

(HLEC) 370

i
implantable medical devices 2
inkjet and aerosol jet 36–41
inkjet-printed antennas 240
inkjet printing 74, 85, 86, 114, 256
inner Helmholtz lane (IHP) 163
intermediate frequency (IF) signal 230
invasive ECoG electrode technology

384
ionic Seebeck effect 146
ion-sensitive organic field-effect

transistors (ISOFETs) 62

k
Kirigami parylene film 403
knitted textile sensors 341

l
Langmuir–Schaefer method 221
light emitting diodes (LEDs) 1
liquid crystal display (LCD)

display and lighting technologies
200

encapsulated liquid cells 199
halide perovskites 201
multilayer perovskite

atomic layer deposition 203
dielectric polyimide precursor

(PIP) 205
electron transportation layer 204
hole transportation layer 204
methylammonium based

perovskites 203
OXD7 203

organic light emitting diodes
(OLEDs) 200

quantum dot LEDs 201
single layer perovskite 206–208
thin film transistors (TFTs) 200

liquid crystal polymers (LCPs) 240
local field potentials (LFPs) 381
lowest unoccupied molecular orbital

(LUMO) 115
low temperature polysilicon (LTPS) 11

m
Maxwell’s theory 229
metal-oxide-semiconductor field-effect

transistors (MOSFETs) 395
metal-polymer hybrids 55
microactuators 272–274
μCP floating gate memory 221
microelectrode technology 381
micro electro mechanical systems

(MEMS) 381
micromachined flexible antennas 240
microscale-needle electrodes 387
multi-wall carbon-nanotubes (MWCTs)

324

n
neural recordings

action potentials 381
devices, for chronic applications

packaging technologies 405
tissue damage 403, 405
wireless technologies 407

ECoG
electrode 384
recordings 391

EEG recordings 383
electrical impedance 385–387
electrode materials 385
extracellular electrical recording

383
flexible needle electrode 387
flexible substrates

active matrixes 395
dissolvable films 395
microscale LED (μ-LED) 403
multifunctional flexible device

403
stretchable films 399, 401



Index 417

LFPs and spikes 384
micro electro mechanical systems

(MEMS) 381
microscale extracellular electrodes

381
signal-to-noise ratio (SNR) 383
spatiotemporal resolution 383

neuroscience devices 4
neutral mechanical plane (NMP) 354
noninvasive methods 381

o
organic-based thin film transistors

(TFTs) 1
organic field-effect transistors (OFETs)

modifications, for sensing application
EGOFET 60
organic electrochemical

transistors 62
working principal 63

performance and characterization
59–60

structure 58
organic flexible transistors

biosensors 70–73
dielectric layer 56
fabrication techniques 57

direct writing 64
low-cost fabrication 64
roll-to-roll printing 65
spin coating and drop casting 64
transfer printing and ink-jet

printing 64
flexible substrates 54
functional layer 57
metal electrodes 55
optical sensors 73–74
pressure sensors 67, 69
strain sensors 65
temperature sensors 69, 70

organic light emitting diodes (OLEDs)
68, 200, 254

organic photodetectors (PDs) 73
organic semiconductors 53
organic thin-film transistors (OTFTs)

57
outer Helmholtz plane (OHP) 163

p
parylene-C based micro-ECoG

electrode array 391
piezoelectric drop-on-demand (DOD)

technique 240
piezoelectric generators 341
plasma enhanced ALD (PEALD)

technique 128
Poisson effect 225
polycrystalline silicon 57
poly(3,4-ethylenedioxythiophene)

(PEDOT) 253
poly(3,4-ethylenedioxythiophene)-

polystyrene sulfonate
(PEDOT-PSS) 63

polyethylene terephthalate (PET)
films 177

polymer substrates 110
polyvinylidene fluoride (PVDF) 65
portable external power supply 105
portable Li-battery chargers 105
pressure and strain sensors 69,

332
materials 289
signal-transduction mechanism

capacitance 289
heart rate (HR) and blood pressure

(BP) 293
motion and activity 290
piezoelectric and triboelectric

effect 290
resistive transduction 289
respiration rate 293

temperature sensors 293
printed transistors

fabrication process 88
inkjet-printed electrodes 89

printing
CMOS 41
gravure printing 41
hybrid dielectrics 35
inkjet and aerosol jet 36–41
parameters

accuracy 84
resolution 83
throughput concerns 84
wettability 84



418 Index

printing (contd.)
technologies

electrical performance, uniformity
of 93

gravure printing 86
inkjet printing 85, 86
mechanical stability 91–93
printed biosensors 97
printing parameters 83
reverse-offset printing,

high-resolution patterning 87
ultra-flexible and fully printed

organic circuits 94
ultrathin dielectric film 35

pseudocapacitive supercapacitors
conductive polymers 172
manganese oxide (MnO2) 173
mixed transition metal oxides 174
𝜋-conjugated polymer chains 172
transition metal oxides 173
vanadium disulfide (VS2) thin

films 176
pseudocapacitors 176
pseudosupercapacitors 163

q
quality of life 287
quantum dot LEDs 201

r
rechargeable batteries 161
resistive transduction 289
roll-to-roll (R2R)

gravure-printing 258
printing 64, 74

s
screen printing 74
silicon 53
silicon circuits 234–236
silicon-on-insulator (SOI) wafer 1
single crystal silicon nanomembranes

(Si NMs) 354
single-neuron action potential

recordings 381
single-walled carbon nanotubes

(SWNTs) 7, 149, 324, 401

skin hydration monitoring 329
skin-mounted healthcare devices 2
soft etch back (SEB) process 236
software-defined radio (SDR) 231
spin-coating process 220
state-of-the-art fabrication

processes 235
Stern model 163
stiff needle-electrode array 405
stretchable electronics

CNT
stretchable conductors 21–23
stretchable strain sensor 23
stretchable thin-film transistors

27–34
macro-scale flexible electronics 411
signal processing 411
wireless circuits and battery 411

stretchable health monitoring devices
body wearable devices

daily health tracking 341
rehabilitation process 337

future aspects 341
implantable devices

brain and neural probes 336
cardiovascular monitoring 337

materials
conductive polymers 324
elastomers 324
liquid metals 324
unique stretchable structures 324

skin sensors
biomolecule analysis 332
skin biophysical signal monitoring

329–332
stretchable multi-electrode array 336
supercapacitors

conventional supercapacitors 162
electric double-layer supercapacitors

(EDLCs) 162
active carbon 164
binders and conductive additives

164
carbon black nanoparticles 168
carbon nanotube (CNT) 168
charging and discharging processes

163



Index 419

CH4-plasma treatment 170
CVD strategy 166
electrode-electrolyte interfaces

165, 170
electrode materials 165
graphene based electrode 168
graphene based materials 171
graphene hydrogels and

aerogels 171
graphene oxide 166
HCNTs 165
mesoporous carbon

nanospheres 168
1D micromaterials 165
PMMA spheres 169
3D porous structures 169
2D materials 166, 170
0D (nanoparticles) 168

hybrid flexible supercapacitors,
2D electrode materials
176–178

hybrid supercapacitors 163
pseudocapacitive supercapacitors

conductive polymers 172
manganese oxide (MnO2) 173
mixed transition metal oxides 174
𝜋-conjugated polymer chains 172
transition metal oxides 173
vanadium disulfide (VS2) thin

films 176
pseudosupercapacitors 163

surface electromyogram (sEMG)
recording

alkaline components 271
electrical resistance 269
electrodes 269
normalized resistance

variations 271
personal monitoring systems 269
signal-to-noise ratio (SNR) 269

t
tattoo conductive nanosheets 274–277
temperature sensing 331
thermal evaporation method 220
thermoelectricity

density of state (DOS) 142

figure of merit ZT and conversion
efficiency 142, 144

Seebeck coefficient 141
temperature gradient 140
thermoelectric circuits 140
thermoelectric modules 144
thermoelectric properties 141

thermoelectric materials
carbon nanotubes

crown ether-based cations
([M-crown]+) 154

HSAB concept 154
polyethyleneimine (PEI) 151
SWNT 149, 150
thermal stability 153

organic solids and conducting
polymers 145–149

prototype thermoelectric
generators and applications
154–155

survey methods 154
thermogalvanic effect 146
thin-film processing 57
thin-film transistors (TFTs) 7, 56
third generation solar cells 110
time-resolved somatosensory evoked

potentials (SSEP) 373
transdermal pulse oximetry 332
trench-etch-protect-release process

(TPER) 236
2D atomic crystal structure (2D ACS)

materials 238

u
ultra-flexible complementary D flip-flop

circuits 96
uniform patterns 84

v
van der Waals

bonding 83
interactions 167

w
Wentzel–Kramers–Brillouin (WKB)

approximation 218
wireless electromagnetic energy 229



420 Index

wireless systems
antenna parameters 233
antennas 231
bipolar junction transistors 231
components 230
field-effect transistors 231
inkjet-printed antennas 240
intermediate frequency (IF)

signal 230
micromachined flexible

antennas 240
naval and aviation sectors 229

non-silicon-based channels 236
radio frequency signal 230
silicon circuits 234–236
software-defined radio (SDR) 231
stretchable antennas

design stretchability 244
material stretchability 242

Wi-Fi routers 230
wireless television broadcast systems

230
wound therapy 311
woven fabric 326


