Index

absorption spectra 186, 194, 198,
203,207
acceptor 6-7,10
shallow 7
adsorbates 92,98, 100
adsorption 140, 143, 155, 158, 160,
166,207
AFM see atomic force microscopy
Ag 6-7,106,110-11, 120, 123, 148,
154
Ag cathode 106,110
Ag electrodes 106,110-11,116,119
Aglayer 106-7
aligned nanorods 16-17,19, 21
radiative lifetime of 16-17, 19, 21
aligned nanowires (ANWs) 16, 30-31,
33-36,39
amperometric biosensor 165
amperometric response 175
amplified spontaneous emission (ASE)
43-45,47,49-50,57, 68
amplitude 4,136,138
analysis, quantitative 24, 85
anode 87,90-91, 94-95, 98, 104, 107,
112,114, 116,118, 121-23
anode field 112,116,118
anode voltage 114,116,121-23
ANWs see aligned nanowires
applied voltage 73,87, 91, 94-95, 98,
104-5,139-40
aqueous thermal decomposition 141,
166-68,170
arrays 92,126,132-33, 145, 149,
152-53, 155,157,183, 225
patterned 44
synthesized ZnO nanotubes 156
as-grown GB intensity 34
as-grown ZnO 24, 26, 38, 229
as-grown ZnO comb fingers 25
as-grown ZnO nanofibers 45, 85, 87

as-grown ZnO nanorods 170

as-grown ZnO nanostructures 30, 96,
171

as-grown ZnO nanowire array 133

as-grown ZnO nanowires 229

as-grown ZnO NWs 30, 218, 226-30,
232

as-grown ZnO rods 72

ASE see amplified spontaneous
emission

atomic force microscopy (AFM) 218

Au electrodes 154,176,229

background noise 34
bandgap 2,8-9,21,132
behavior, two-slope FE 100
bendability 189,193
bending 38, 81, 190-95, 216
bending stress 189
bending times 191-92
bias
applied 139
forward 66,70,74,76, 204
bias voltage 16, 22, 24,26-27,33-36,
39,76,228
applied 34
applied forward 68
binding energy, acceptor 73
biosensors 165-68,170-72,174-78,
181, 215-16
nanocombs 172,176
buffer solution, phosphate 167-68

carrier concentration 34, 86, 160, 226
catalyst 2,44, 47,56,93,106,112,
119,218
cathode 87,90-91, 94-95, 98, 101,
104,107,110,112, 114,117,
119-21, 123,126
surface emission 126
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viologen-modified ZnO nanowire
132
cathode electrodes 119
cathode surface 112
cations 232
CBD see chemical bath deposition
cell
nanoflower-based 186-87
nanorod-based 186-87
channel, nonradiative 18-19
channel FETs 215-16
charges
accumulated 138
interface trap 223
trapped 220
chemical bath deposition (CBD) 201
chemical stability 125, 166
chemisorbed oxygen adions 148-49,
154
CO sensors 154-55
coloration 131, 140-41
coloration efficiency 137-38
high 131-32, 141
coloration time 138-39
comb fingers 25
concentration, gallium doping 85
conductance 1,115, 155,217,219,
221,226
conductance of ZnO 114
conduction 116
conduction band 4, 6, 8, 34, 38, 84, 89,
100, 105, 200, 210
conductivity 39,83, 89, 124, 148, 154,
232
copper plate substrate 93
crystal structure 2-3,47,83, 89, 95,
100, 104
CV see cyclic voltammograms
CV curves of Nafion/GOx/Zn0O/
172-73
cyclic voltammograms (CV) 135-36,
172-76
cyclic voltammograms of GOx/ZnO
nanodisk/Au electrode 176

density, current 82-83,87-88,91-92,
95-96, 98-99, 104-5, 108-9,
112, 122-23, 126, 203, 208
deposition 17,22-23,90,111, 184,
223
depth, ion implantion 34
depth of native defects 38-39
devices
electro-optic 6
electro-optical 8
functional spin-electronic 2
nanostructure-based 161
single ZnO NWFeTFT 225
vacuum electron 81
vacuum microelectronic 81
layers 119
diffraction peaks 85,90, 102, 106,
145,151, 156, 168, 184
diffraction spots 32
doping 5-6, 61,71, 82-83,124, 232
intentional 215-16
driving voltage 117-18
DSSCs
see dye-sensitized solar cells
characteristics of 193-94
fabrication of 191-92
flexible 188-89,191-92,195
dye-loading 185-88, 191, 194-95
dye molecules
detaching 193-94
organic 131
dye-sensitized solar cells (DSSCs)
181-82, 184-86, 188-92, 194,
196, 198, 200-2, 204-6, 208,
210,212,214

EC Cell 133-34,137,140

assembled ZnO nanowire 136
EC devices 131, 140
EC display device 141
EC electrode 131-32,141
EDX spectrum 24, 94,97-98
efficiency, electron injection 204, 210
EL spectra 67, 69,76
electrochemical deposition 89, 100,
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electrochemistry 167
electrode spacing, smaller 118
electrodes 87,105-6,119, 123, 134,
140, 144, 165, 167-68, 172,
176-77, 185,191, 206
hierarchical ZnO nanodisk 168
viologen-modified ZnO 137-38
electrolyte 90,92,134,137,140, 182,
185, 188, 196, 206
electron affinity, negative 81, 83-84
electron concentration 6,62, 83,
159-60, 226, 229-31
electron emission 82-83, 87,91, 94,
98,104, 108,112
electron emission efficiency 112,
114-16, 126
electron-exchange, fast 175
electron scattering 122-23
electron trajectory 113-14
electron transfer 165,176, 206,210
electron transfer rate 211
electron transport, excited 205
electronics applications, flexible 189
electrons
scattered 116
secondary 123
emission, defect-related 75
emission decay 209-10
emission efficiency 116,121-22
emitters 99, 106, 121-26
composite 112,119, 121-22,126
excitation 17,52,56
near-infrared 56-57
excitation fluence 52-53,56
excitation intensity 18, 49
excited electrons 204-5
exciton-related phenomena of ZnO
15-16, 18, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38,40, 42
excitonic lasing 43-44, 46, 48, 50, 52,
54,56,58
excitons 8,16, 18,20-22, 28,51
donor-bound 26, 28, 72
free 18,21,28

Fabry-Perot modes in ZnO nanowire
cavities 51

Index

FDTD see finite-difference time-domain
FE
see field emission
stability of 94-95
FE applications 125
FE devices 117,125
FE of ZnO nanostructures 81
FE performance 82-83, 124
FE test 91,103,110
FeFET see ferroelectric FET
ferroelectric FET (FeFET) 216-17, 225
ferroelectrics 216-17, 223,225
FETs see field effect transistors
FETs, single ZnO nanowire 220, 224
FIB see focused-ion-beam
field
electrostatic 113-14
turn-on 95,99,111,126
field effect transistors 181, 215-16,
223-24,226
field emission (FE) 7,29, 38,81-104,
106, 108-24, 126, 128, 130,
181, 235
field emission applications 38
field emission nanodevices 235
field emitters 2,105,112, 125,166
film surface 218-19
films 5,8, 23,61,86,108,114, 116,
120, 123, 125, 134, 155, 184,
186-90
ferroelectric 216,221,223
nanostructure 186
finite-difference time-domain (FDTD)
55
flower-like ZnO nanorod structure
200-1, 203
flourine-doped tin oxide (FTO) 62,70,
133-34, 183, 201, 206
FN (Fowler-Nordheim) emission 108
FN equation 83,91, 104
focused-ion-beam (FIB) 52,55
FTO see flourine-doped tin oxide
FTO glass substrate 183, 186
FTO substrates 184, 201, 206
functional materials 150, 235
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Ga film 85

Ga nanofiber array 84, 87-89

Ga nanofibers 84-88

gain medium 50

gallium doping 89

gas concentrations 146, 148, 153-54,
156

gas sensors 143-46, 148-50, 152-54,
156, 158-60, 162, 164, 166,
215

aligned thin ZnO nanorod array

147

gate electrodes 114,119,121

gate voltage 114,121-23,126,220-
21,223

GB see green band

GB emissions 16, 34, 37, 39, 228

GB intensity 34, 36, 38

GB origin 16, 34-35, 228

GB suppression 34, 36

glucose biosensor 166,172,174-76

glucose detection 166,174,178

green band (GB) 15, 34, 38,228

green emission 11,29, 31, 33, 35, 37,
39,75

quenching of 29,31, 33-35, 37,

39

hexagonal ZnO 91, 102,152,157

hierarchical ZnO nanodisk biosensor
175

hierarchical ZnO nanodisk glucose
biosensor 175

hierarchical ZnO nanostructure
photoanode 200

high-resolution transmission electron
microscopy (HRTEM) 26,
32,45,48,70,101, 107, 146,
150, 152,157,197, 227

homojunction devices 63,70

HRTEM see high-resolution
transmission electron
microscopy

hydrothermal decomposition 93, 100,
150, 156

hydrothermal synthesis 145, 181,
184,190
hysteresis 220-21, 223
hysteresis loops 219-20
counterclockwise 221

indium-tin-oxide (ITO) 87,91, 104,
132,185,191, 213-14

ion dose 24,30, 34,227

ion energy 29, 63,66,77

ion implant depth 29, 34-35

ion implantation 22, 62-64

ionic binding 4

ionicradii 6-7

ITO see indium-tin-oxide

ITO electrode, bare 135

ITO glass 132-34, 140, 195

ITO glass substrates 135,195

ITO substrates 133,190-91, 195

lasing peaks 52, 54-55

lattice fringes 45, 85,171,197
lattice mismatch 77

light harvesting 182, 187-88

line defects 32

Lineweaver-Burk equation 173,175
Lineweaver-Burk plot 173

materials
carbon-based 81, 88
nanostructured 43,81
mesoporous film
nanoparticle 140-41
transparent TiO, 133-34
metal-insulator-metal field emitter
112
micro-roughness 82
microstructures 144, 146, 155
microtubes 125,151-52, 154
molecules, biological 165
monochromator 17
morphology, nanoflower 183-84

n-type behavior 229-30
n-type channel 221,223, 225



n-type doping 6, 83
n-type semiconductors 154,156,158
natural 215-16
n-Zn0 66-67,73
n-Zn0/n-Si 66-67
nanoarrays 145-46
nanocombs 169,176
nanodevices 165-66, 227-28
functional 43
nanodisks 51-53,56
nanoelectromechanical systems
215-16
nanofibers 44, 82, 84-85, 89
branch 45-46, 50, 56
nanoflower 144,182, 184-86
nanoflower films 184-88
nanoinjectors 96-97, 99,126
nanoneedles 82,125
nanoparticle-based DSSC 192-93, 195
nanoparticles 8,132, 165,182,189
nanopins, random ZnO 88
nanorod arrays
applying ZnO 144
up-standing 182-83
nanorod films 184, 188
up-standing 183,187
nanorods 16-17,77,97,102, 125,
144-47,169-71, 182, 184-87,
197,202, 210, 235
branching 169
up-standing 182-83
nanostructured materials, one-
dimensional 43
nanostructures 1, 4-5,8-9,22, 32,
38-39, 56, 84, 86, 93, 124-25,
132, 143-44, 148-50, 168-69
surface modification of 22,39
nanotubes 93-94, 100, 105, 125, 149-
50,157-58,161,177,223
carbon 81-82,89,92,112,177
nanowire array 141, 189
nanowire-based DSSC 192-94
nanowire electrodes 192-93
viologen-modified ZnO 133,
135-37
nanowire film 194

Index

nanowires 61, 82,119, 125, 135, 144,
147,170-71, 182, 193-94,
197-98, 215-16, 221, 226-27,
230-31

NBE see near band-edge

NBE emission 34

near band-edge (NBE) 26, 74, 228

NO, exposure 159-60

nonvolatile ferroelectric memory 215,
217,219, 221, 223,225

optoelectronic devices 2,8
nanostructured 15
organic vehicles 107,114,119
oxygen vacancies 3,5, 15, 38,48, 75,
108, 148,159, 215-16

p-type doping 6, 61,77

p-type regions 77

PBS see phosphate buffer solution

PBS buffer 171,173-75

PCE see power conversion efficiencies

phosphate buffer solution (PBS) 167-
68,172,174-76, 200

photolithography 218-19, 227

photoluminescence (PL) 8,15,17, 19,
34,52,228-29

photonic applications 2

photons 8,21, 50,182,208

PL see photoluminescence

PL intensity 49-50

integrated 18,20

PL spectra 15,26, 48,72

PL spectra of ZnO nanostructures 8

plastic substrates 188-89

power conversion efficiencies (PCE)
181-82, 185-86, 188, 191-92,
194,196, 200-1, 203, 211

pumped ZnO nanowire lasers 55

QD see quantum dot

QDSSCs see quantum dot-sensitized
solar cell

quantum dot (QD) 181-82, 195, 199-
201, 206, 209-10
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quantum dot-sensitized solar cell
(QDSSCs) 181, 200, 205-6

quartz boat 166

quartz tube 17,23, 44, 166

radiative lifetime 16, 18, 20-22

radiative recombination 15, 18,
20-21, 26

red emissions 67,70

redox chromophores 131, 140

reflectance 138-39, 186-87

reflectance change 138-39

reflectance difference 138

remnant polarization 216-19, 222

ruthenium 185,191, 200-1

SAED see selected area electron
diffraction

SAED pattern 102, 135,152,157

sapphire substrate 47,70,77

scanning electron microscope (SEM)
17,44,53, 64,84, 113,120,
134,150, 156, 184, 216, 228

SCFE see Surface-conducted FE

selected area electron diffraction
(SAED) 70, 146,152,157,
169-70, 197,227

SEM see scanning electron microscope

semiconductor materials 108, 230

semiconductors 8, 81, 83-84

wide-bandgap 81

sensing applications 2,150

sensing device, preparation of 144,
150

sensing materials 143, 149

sensing mechanism 155-56

sensing performance 144, 148,
153-55

sensitizers 200, 205

silicon substrate 52, 144, 150, 156,
166-67

silver paste 114

single-nanowire transistor, surface-
modified 226-27,229, 231

single ZnO nanowire FeFET 220, 224

single ZnO NW FET 228-29

solar cells 165, 181, 185, 196, 200,
205-7,235

spintronic applications 2

surface-conducted FE (SCFE) 112-13,
118-19, 122-24

surface excitons, quenching of 22-23,
25,27

TEM see transmission electron
microscopy

TPA see two-photon absorption

transition metals 2

transmission electron microscopy
(TEM) 25,31, 85,156,169,
171,196-97, 227

triode configuration ZnO nanotetrapod
emitters 112,114

two-photon absorption (TPA) 51

ultrasonic spray pyrolysis (USP) 195,
206

ultraviolet amplified spontaneous
emission 43, 45,47,49

USP see ultrasonic spray pyrolysis

UV emission 8, 48-49, 68, 70, 74-75

vapor-phase transport (VPT) 62, 82,
84-85,87,93,111

VPT see vapor-phase transport

VPT-grown ZnO nanostructure 98

WG see whispering-gallery
WG modes 53-55
whispering-gallery (WG) 51

x-ray diffraction (XRD) 48,113, 134,
150, 156, 196-97
XRD see x-ray diffraction

YAG laser 48-49

Zn interstitials 105, 215-16
ZnO arrays 89-90

ZnO crystal 24,26, 30, 32, 85
ZnO Disk 50-51, 53,55



ZnO EC cell 137-39
ZnO EC device 137-41
ZnO film 86,116, 133,150, 168,
204-5, 209
Zn0 gas sensor 143-44, 148-49
Zn0/gold electrodes 167
ZnO0 hierarchical nanodisk biosensor
175-76
Zn0 homojunctions fabricated on Si
substrate 64-65, 67, 69
Zn0 homojunctions grown on FTO/
sapphire substrate 71,73,75
ZnO microrods array 151
ZnO0 microtube gas sensor 153-54
ZnO microtubes 150-54
ZnO nanoarrays 145-49
thin-diameter 146
Zn0 nanocomb biosensor 167
Zn0 nanocomb biosensor construction
167-68
ZnO0 nanocomb glucose biosensor 167
Zn0 nanocombs 23,166-67,169
SEM image of 169
XRD pattern of 169
ZnO nanocrystalline films 184
ZnO nanodevices 235
7Zn0 nanodisk resonators 55,57
ZnO nanodisks 51-53,55
hierarchical 170-71
single 52-53
ZnO nanofiber network 44, 48
ZnO-nanoflower 186-87
ZnO nanoflower photoanode 188
ZnO nanoflowers 183-85
ZnO nanoinjectors 97,99-100
ZnO-nanoparticle film 132,192
ZnO nanoparticles 111,190-91,
193-95
Zn0 nanorod array
preparation of 101
SEM image of 101
ZnO nanorod array fabrication 144
ZnO nanorod array photoanode 201
ZnO nanorod arrays 99,101, 103,
144-45, 149-50, 156, 184,
199, 205

Index

XRD pattern of 145
ZnO-nanorod films 186, 188
ZnO0 nanorod films, XRD patterns of
184
Zn0 nanorod growth 144
ZnO nanorod homojunction light-
emitting diodes 61-62, 64,
66, 68,70,72,74,76,78, 80
7Zn0 nanorod solar cell, unsensitized
209
ZnO nanorod stems 47
7Zn0 nanorods 16-22,56, 61,77,
102-3, 105, 145-48, 150,
167,170-71,176-77,200-2,
204-7,209-10
adjacent 182
aligned 18,101
gas sensing properties of 146
hexagonal 47
surface of 207
TEM image of 208
up-standing 188
XRD pattern of 184
Zn0 nanostructure-based biosensors
171,173,175,177
ZnO nanostructure biosensor 177
ZnO nanostructure emitter 105
ZnO nanostructure fabrication 93
ZnO nanostructure field emitters 105
Zn0 nanostructure film 168
ZnO nanostructure morphologies 38
ZnO nanostructure systems 16
7ZnO Nanostructures 15-16, 24, 29,
43-44,56,81-82,96,98-102,
104-6, 114, 124, 143-44,
165-66,177-78, 235-36
hierarchical 167,199-200
hydrothermally grown 125,161
normal nanorod 200
p-type 62
single crystalline 178
tetrapodlike 123
tubular 159
ZnO0 nanostructures, growth of 29
7ZnO0 nanostructures, UV emission of 8
ZnO0 nanotetrapods, SEM image of 113
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ZnO nanotube arrays 156, 158-59
ZnO nanotube gas sensor 158-59, 161
ZnO nanotubes 93-96,99,157-61
hydrothermally grown 93
preparation of 93
transition sensing behavior of
156-57,159
typical hexagonal 157
XRD pattern of 157
ZnO nanowire array 132-33, 141
ZnO nanowire biosensor 175
Zn0 nanowire electrode 135, 137-39
ZnO0 nanowire FeFET 217
ZnO0 nanowire lasers, upconverted 51
Zn0 nanowires 61, 105,111-12,
132-35, 140-41, 149, 168,
171,190-91, 197, 200, 205-6,
218, 225-26, 235-36

aligned 88
intrinsic 71
metallic 226
modified 193, 195
ordered 182
single 198
Zn0 nanowires on PET/ITO substrate,
SEM image of 190
ZnO rod array, patterned 91-92
ZnOrods 62,64,71,75,77,90,92,
97,154
ZnO Tetrapod 123
ZnO tube sensor 154-55
ZnO tubes 152, 154-55





