Index

AACVD (aerosol-assisted chemical
vapour deposition) 203,
206

acetone 56-57,80,119-20

adatoms 107

aerosol-assisted chemical vapour
deposition see AACVD

AFM (atomic force microscopy)
13,108,176-79, 185-86,
190-92, 211

AlGaAs etching 44-45

aluminium 50-51, 60, 62-63, 196,
198

aluminium-based SRRs 59-62

aluminium electromigration 196

anisotropic profiles 35-36, 41

anisotropy 30-31, 37,41, 43,78,
223

annealing 98,103, 106,110-11,
139-40, 194

annealing temperature 98,103,
105, 235

annealing time 105-6

anode 156,163

artificial structure arrays 21

ascorbicacid 152

asymmetric split ring resonators
64-65, 67

atomic force microscopy see AFM

atomic layers 177-78

Au (gold) 7,23,50-51,57-64, 66,
69,71,119, 126,134, 137,
144,142, 150-53, 155,
159,171,173, 211, 218

Au nanoparticles 154,171

Au nanowires 139-40

Bi (bismuth) 98, 100-5,107,
111-13

Bi film 100-1, 104-5,107-8
Bi interconnects 111-12
Bi nanowire densities 106, 108-9
Bi nanowire diameter 104
Bi nanowire growth 102-3
Bi nanowires 100-2,104-5,107,
109,111-13
lateral 110-12
bismuth see Bi
boric acid 159,172
boron nitride films 191-92
break junction technique 149,
153
electromigration-induced 149
break junctions 148, 168-69

CAIBE (chemically assisted-ion-
beam etching) 38

capacitance 51-53, 154

capacitor 51-52,205

parallel plate 52-53

carbide-derived carbon see CDC

carbon 185,191, 205, 231, 233

carbon film 191

carbon nanotubes see CNTs

noncatalytic synthesis of 231

catalyst 98, 194,197

cathode 47,156-57,163

CDC (carbide-derived carbon)
231

chemical fabrication of nanogaps
for single-molecule
electronics 229

chemical vapour deposition see
CVD

chemical vapour deposition,
aerosol-assisted 203

chemical vapour deposition
techniques 203
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Index

chemically assisted-ion-beam
etching see CAIBE
CMOS (complementary metal
oxide semiconductor)
194-95, 204-5
CMOS platform 194-95,203-4
nanomaterial integration on
193-94, 196, 200, 202,
204, 206
nanomaterial synthesis on
196-97, 199, 201, 203
CMOS substrates 196, 206
processed silicon-on-insulator
205
CMOS technology 194, 204
CMOS wafers 195-96
CNTs (carbon nanotubes) 177,
195,197-99, 231
Co (cobalt) 7,135,141, 211-12,
215
cobalt see Co
cobalt nanopillars 20
collision cascades 215-16
colloidal arrays 11
colloidal crystal lattices 6-7
colloidal crystals 5-7
colloidal lattices 6
colloidal particles 4-5, 8, 25
aggregation of 5
colloidal self-assembly for
nanopatterning 4-5,7,9
colloidal spheres 6,8, 25
colloidal suspension 5-6,11
colloids 4,8, 19, 23,25
complementary metal oxide
semiconductor see CMOS
compound semiconductors 29,
33,35,47,113
compressive stress 98-99, 103,
106-8,110-11
conductance 156,166, 168-70
Coulomb diamonds 154-55
Coulomb staircases 154
crystal domains 6

crystal lattice spacing 189

crystal metallic nanowires 146

crystal orientations 7-8

Cu 51,138,208,211

Cu foils 227

CV (cyclic voltammetry) 160-62,
173

CVD (chemical vapour deposition)
194

cyclic voltammetry see CV

damascene electroplating
techniques 14

DBQW (double barrier quantum
well) 240

DBQW structure 240

deep reactive ion etching see DRIE

defect-free nanowire growth and
device fabrication 97

diamond-like carbon see DLC

DIC (differential-interference-
contrast) 202

differential-interference-contrast
see DIC

dip-coating technique 5,7,9

direct-write e-beam lithography
80-82

DLC (diamond-like carbon) 177

DLC-coated Sitip 183

DLC film 178

double barrier quantum well see
DBQW

DRIE (deep reactive ion etching)
222

dry-etch development 34-35

dry etching 29-31, 33-34, 44, 81,
83, 85, 88,93-94

dry etching for pattern transfer
88-89,91, 93

dry etching of semiconductors
29-30, 32, 34, 36, 38, 40,
42,44, 46,48

dry-etching techniques 3, 30-32



e-beam angular metal depositions
144
e-beam lithography 57, 80, 125,
157, 225
e-beam resists 57, 80-81
EB (electron beam) 2,55-56, 138,
141,194
EBL (electron beam lithography)
3,9,11,50,55,57,75,
87,94, 118, 157-58, 208,
222-23
ECR (electron cyclotron
resonance) 33,36-39
EGP (electroless gold plating)
151,171
EIBJ (electromigration induced
breaking junction) 164,
167
electrochemical plating techniques
150
electrodeposition 20, 146, 148,
150,156-57,159,161-67,
170,172
electrodeposition techniques 147,
150, 159
electrodes
interdigitated 197, 200
nanotrench 126,128
powered 36-37
electroless deposition 150-51,
153,155
electroless gold deposition 171
electroless gold plating see EGP
electroless plating 147,151, 153,
155,170
electroless plating technique 151,
153
electrolyte characterization
159-60
electromigration 148-49, 164,
167,169,173, 198
electromigration EIBJ technique
167

Index

electromigration induced breaking
junction see EIB]J
electron beam see EB
electron beam lithography see EBL
electron-beam resists 56
electron cyclotron resonance see
ECR
electron-electron interactions
124,128
electron gun 55
electron resists 56
electron transport 168
electronic devices, single molecule-
based 116
electroplating 159, 163, 166
electroplating time 163,165
etch conditions 91-92
etch mechanism 36, 38-39, 41
etch processes 29,41, 78, 88,91
etch products 36, 39, 41, 43
etch profile 39-40
etch rates 30-31,33-35, 39-41,
43-44, 46, 84, 88-91
etch resistance 92
etching 2,12, 14, 16, 20, 29, 33,
41,43-48,81-82,87-88,
152,170,180-82, 194
anisotropic 36
reactive-ion-beam 33
selective 35, 44, 46,223,231
wet 29-30,47
etching mask 19,180-81, 191
ethanol 71,120-21, 152,205
EUV (extreme UV) 2
extreme UV see EUV

fabricated nanostructures 198,

208,217,222
resolution of 208,217

fabricating optoelectronic devices
47

FIB (focused ion beam) 2,157-58,
207-10, 212,214, 216,
218-19, 222
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Index

FIB-induced deposition 209,
216-17

FIB milling 208, 217

FIB systems 208-9, 216

flame spray pyrolysis 201

see FSP

flash NIL 84

flexible stamp nanoimprint
lithography 85, 87

focused ion beam see FIB

frequency-selective surface see FSS

FSP (flame spray pyrolysis) 201,
204

FSS (frequency-selective surface)
69

gallium nitride see GaN

GaN (gallium nitride) 35, 39, 43,
47-48,76-77,80-81, 83,
85-86, 88,90-92,172

GaN devices, thin 78-79

GaN photonic crystal LEDs 76, 78,
80, 82, 84, 86, 88,90, 92,
94,96

gas injection system see GIS

gas-phase kinetics 41

Gaussian beam 215-16

GIS (gas injection system) 209

gold see Au

gold clusters 152

gold electrodes 151-54, 159

goldions 151,153

gold nanogap electrodes 148, 155

gold nanospheres 8-9

gold nanostructures, solution-
processible fabrication of
235,237

gold nanowires 141, 235

one-dimensional 235

gold sheets 152

gold source 151

gold SRRs 58, 60-61

graphene 184

graphite 182,184,231

HBTs (heterojunction bipolar
transistors) 44, 48

heterojunction bipolar transistors
see HBTs

high-density nanopatterning 1-2,
4,6-8,10,12-14, 16, 18,
20,22, 24,26

highly-oriented pyrolytic graphite
see HOPG

HOPG (highly-oriented pyrolytic
graphite) 183-84

HSQ (hydrogen silsesquioxane)
80-84, 240

hydrogen silsesquioxane see HSQ

ICP (inductively coupled plasma)
36-39, 48, 83,94
ICP etch tools 89,91
ICP etching 37,88,91
imprint resists 85, 87-88
indium tin oxide see ITO
inductively coupled plasma see ICP
inkjet printing 203-4
interfaces
polycrystalline metal/
monocrystalline silicon
213
thin film/substrate 213
interference holography 133, 145
interference lithography 134, 136,
145, 235
ion beam parameters 213, 215
iondose 210-11,213,215
ion milling 32-33
ions, tri-iodide 152
isopropyl alcohol 56,137-38
ITO (indium tin oxide) 134, 142

laser lift-off see LLO

laser reflectometer 89, 91

layered crystal materials 177,
182,185,189

layered crystalline materials 183,
185



liquid nitrogen temperature
154-56

lithography, edge-mediated
shadow mask 119

LLO (laser lift-off) 77-78

lock-in amplifier 59,157-58

magnetic nanowires 172,216-17
magnetic resonance 50-51, 53,
55, 62
magnetic resonance imaging see
MRI
magnetizable material 234
magnetoresistance 124,171-73
magnetostriction effects 171-72
mechanical action 186-87
mechanochemical action 180, 182
meniscus displacement 5
metal-coated microspheres
126-27
metal deposition 57,119, 137,
160-61
metal electrodes 111, 150
metal nanowires 138, 141, 146
metal properties 55, 60
metallic nanowire arrays 133
high-aspect-ratio 134
metallic nanowires 114, 134,
137-38, 144-45
fabricated 144
high-aspect-ratio 133, 144
structural properties of 144
metallic thin films 209, 211
milling of 209, 211
metallization technologies 14
metamaterials 49-51, 53, 64, 72
optical 3,21
microelectronics technologies,
matured 194
microfabrication 175-77
microscope
scanning electron 57-58, 146,
197

Index

scanning tunneling 148,
190-91
microwaves 21
molecular electronics devices 148
MRI (magnetic resonance imaging)
233-34
muscovite mica 182

NA see numerical aperture
nanodevices, electronic 147-48
nanodot arrays 16, 18, 20
nanodots 12,14-17
pillar-shaped 17-18
nanofabrication 1, 3,19, 23,
29,49,75,97,115,133,
175-78, 182-83, 189-90,
207-8, 221
nanofabrication techniques, top-
down 117
nanofabrication technologies, dry-
etch 79
nanogap electrodes, fabrication
of 147-48,150, 152,154,
156,158,160, 162, 164,
166,168,170,172,174
nanogaps 118, 148-53, 155, 159,
166-67,173,229-30
fabrication of 149, 158
nanogaps electrodes of gold 153
nanohole arrays 20
nanoholes 20, 235
nanoimprint lithography see NIL
soft-stamp 94
nanoimprint moulds 3,16-18, 20
nanoimprinting 86, 133-34, 136
nanolithography 177
nanomanipulators 209, 216
nanomaterials 194-95, 203-4,
219
nanoparticles 8,11-13, 25-27,
116,118,120,151,171
iron oxide 120,123-25
nanopattern transfer techniques
1,4,11
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Index

nanopatterns 1-2,12,18
nanopores 172,222
nanosphere arrays 4, 12, 14-15,
18
high-density ordered 9,11
nanosphere lithography 1, 4-5,
11-13,20-21, 23-24,
26-27
high-density 4,11, 13, 15,19
nanosphere lithography for high-
density nanopatterning 2,
4,6,8,10,12,14, 16,18,
20,22, 24,26
nanosphere mask 13-14
nanospheres 8-10, 12-19, 24,
222
Nanostructure Cu,0 Films 227
nanostructure fabrication 194,
213
nanostructure materials 194
nanostructures 2-3,11, 15, 22—
23,27,49-50, 109, 136,
193-95,197,207-8, 213,
215-16,223
nanotrenches 115-16,118-28,
130
empty 124-25
nanotribology 178
nanowire fabrication using
polymer templates 134-
35,137
nanowires 97-108,110-14, 118,
134,137-41, 145, 198, 205
characterization of 138-39
lateral 111
metal/semiconductor 146
on-film formation of 97-100,
102,104, 106, 108, 110,
112-14
size and density of 104-5,
107
zinc oxide 196
Ni (nickel) 86,126, 150, 159-61,
163,167,172-73

nickel see Ni

nickel nanogaps 159

NIL (nanoimprint lithography)
1-3,9,19,21-22, 25, 27,
75,78, 82-83, 94, 145-46

NIL techniques 78, 84

nitrides, group-1Il 34-36

NMR (nuclear magnetic
resonance) 234

nuclear magnetic resonance see
NMR

numerical aperture (NA) 58

OES (optical emission
spectroscopy) 45

Ohmic behavior 165-66

oleicacid 120

optical emission spectroscopy see
OES

optical lithography 9

optical transparency 134

orthodox theory 154

pattern transfer 11, 14, 16, 29, 47,
85-86, 88-89,91-93
additive 12,14
direct 15-16
pattern transfer techniques 2-3
patterning 22, 24,29,77,79, 82,
118, 146, 208
patterning PhC structures 75, 94
patterns
hexagonal 16-17
nanostructured 4
random ripple 211-12
Pb nanowires 137-38
perfectly matched layer see PML
PhC Nanofabrication 80-83, 85,
87
PhC patterns 80-82
PhC structures 76-77, 80
photolithography 1-2,11-12,85
photonic bandgap 225-26
photonic crystals 6, 75, 225-26



photoresist 2, 34, 44-46, 85,
134-38,204
physical vapor deposition see PVD
physisorption 152
plasma 32,34-37,41-43, 45, 48,
52
chlorine-based 41
high-density 36-37,43, 88
plasma chemistry 38, 44, 46-47
plasma conditions 39, 41
plasma density 36-37,39
plasma etching 30, 32-33, 35, 41,
44,48
ion-assisted 35
plasma-etching technique 32
plasma-induced damage 35-36,
38
plasma parameters 37,39
plasma reactors 35, 37,39, 41,
43,45
plasmon peak 52-53,59
plasmon resonance 53, 63-64
PML (perfectly matched layer) 58
PMMA (polymethyl methacrylate)
10, 56, 68-72,80-81, 162,
225
detection of thin layers of
68-69,71
polymer templates 133-34, 137,
142
polymethyl methacrylate see
PMMA
processing
groove 179-81
protuberance 180, 182
protuberances 179-80, 182
PVD (physical vapor deposition)
13-14, 134,194

quantum conductance 157-58,
170

quantum dots 21

quartz stamp 84

Index

radio frequency see RF
reactive-ion-beam etching see RIBE
reactive ion etching see RIE
reactive species 32, 35,39-40, 88
sputter desorption of 39-40
reflectance measurements 58-59
refractive index 60, 70-71, 142
refractive index unit see RIU
resist
chemically amplified 80
reticulated 121
resonant tunneling transistors see
RTTs
RF (radio frequency) 33
RIBE (reactive-ion-beam etching)
33,38-39
RIE (reactive ion etching) 1,
14-18, 30, 33, 36, 38-39,
46,222
rigid-stamp nanoimprint
lithography 82-83
RIU (refractive index unit) 70
RTTs (resonant tunneling
transistors) 239

SAM (self-assembled monolayer)
125,148,150, 168,171

sapphire 77-79

sapphire substrates 77,79, 91

scanning electron microscope see
SEM

scanning probe microscopy see
SPM

scanning tunneling microscope see
STM

sedimentation 6,8

self-assembled monolayer see SAM

SEM (scanning electron
microscope) 16,57-58,
81, 83-84,101, 105, 139,
144,146,197, 203, 211,
216,234
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semiconductors 2, 29-30, 32-34,
36, 38, 40, 42-44, 46-48,
80, 116, 189, 223, 225
shadow angle deposition 133,
141, 143
shadow deposition of metal
nanowires 141
shape processing 176-78
Si (silica) 3,9, 14,17-18, 50,
56-57,60-61, 73,87, 100,
106, 169, 179-82, 188,
191, 195, 198, 212, 218-
19223, 231
silica see Si
silica nanosphere arrays 7, 13-14
silica nanospheres 6-10, 14,
16-17
silica substrates 50, 60-61
fused 64
silicon etching 14, 19
silicon nanostructures 22
silicon nanowires 197-98, 205
silicon processing 179
silicon stamp 83-84
silicon substrate 58-59, 119, 136,
185,211-12
monocrystalline 212
opaque 92
silicon wafer 14,179
Si0, mask 44
Si0, overlayer 100,102,106
Si0, layers 183
size selective precipitation see SSP
spiral nanoribbons 223
self-organizing array of 223
split ring resonator see SRRs
SPM (Scanning probe microscopy)
176-77, 190, 205
sputter 39,210-17
sputter deposition 17,210-11
sputter desorption 36, 39,41, 47
sputtering 14,31, 98,102,107
physical 33,35
SRR array 52, 54,58, 60, 66

SRR patterns 60-61
SRR structures 55, 57-60, 63
fabrication of 55,57,59
SRRs
aluminium 61, 63
single 52-53
SRRs (split ring resonator) 49-55,
57,60-64, 72
SSP (Size Selective Precipitation)
120
STM (scanning tunneling
microscope) 148,176,
190-91
structures
double-disk 234
grain 107, 140-41, 211
milled 210-13,215-17
substrate
dielectric 55-57
flat 6,10,137
patterned 25-26,77
prepatterned 8-9, 26
quartz 84,123
substrate etching 12, 14
substrate materials 14, 31
substrate surface 6, 8,12, 14, 19,
35,39
substrate wafer 201
superimposing 36-37
surface atoms 31,178
surface morphology 41,43, 210
surface roughening 213,217
surface roughness 215-16

Te atoms 104
techniques
electrochemical 149-50, 157
metallization 93
self-scrolling 223
telecommunications 72-73
TEM (transmission electron
microscopy) 101, 134,
138, 144, 230



tetra methyl ammonium hydroxide
see TMAH

thermal expansion 99

thin film deposition 112

thin film grains 213,217

thin films 20, 24, 27, 68, 86, 98,
101-2, 104, 134, 138, 140,
145,152, 206-8,210-18

Ti 57,119,126,134,139

Ti metal nanowires 139

Ti nanowires 137,139, 142

TMAH (tetra methyl ammonium
hydroxide) 81

transmission electron microscopy
see TEM

transparent electrode applications
133

transparent electrodes 133-34,
136,138,140, 142, 144-46

Tretyakov model 62

tribological action 175-76, 178,
180, 182, 184, 186, 188,
190,192

tribomechanical processing and
application of etching
mask 179,181

Index

tunneling 124,157, 166-67
two-dimensional arrays 24,226

undercutting 32,216
UV nanoimprint mould 15-16
UV nanoimprinting 15

vacuum 137, 154-56
viscosity 83

volatile products 31
volatility 34,41, 46

wafers 7,30,33,45,56-57,78-
80, 82-83,86-87,93-94,
195, 198-99, 202, 231
whiskers 97-98,101, 104, 113
workpiece 176-78, 189
workpiece material 176, 182-83,
185,187,189

Zn0 nanowire photonic arrays
225
Zn0 nanowires 196-97, 226
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“This fine book brings together a very interesting and promising range of
techniques found in some of the most advanced labs around the world that
are pushing the boundaries of what is possible via the growth and fabrication
of nanostructures for a variety of applications. Many unique methods and
approaches summarized in this book have immense potential to precisely tailor
the geometry and composition of materials at the nanoscale, enabling them to
interact with outside stimuli in ways that were neither possible nor thinkable a
decade ago. The showcase gallery is a gem on its own right and is a real
eye-popper.”

Prof. Savas Kaya

Ohio University, USA

Nanotechnology has now developed to an extent that its procedures and
applications are being widely employed in scientific research and industrial
production. By utilizing the properties of specifically made structures at
micrometer- and sub-micrometer scales, new functionalities in materials and
devices have become possible. These, in turn, are giving rise to a new generation
of products in electronics, photonics, biotechnology, and other areas dependent
on high-performance structured materials.

This book provides several examples of how researchers across the world
are using diverse nanofabrication techniques to fabricate useful materials
and devices. A number of research groups present their cutting-edge work
on fabricating a variety of nanoscale structures such as split rings, wires,
gaps, trenches, and holes. The innovative techniques described in this book
will be of interest to all who are engaged in the research and development
of nanofabrication technologies. The text mainly covers application areas in
electronics and photonics, but the techniques are generic enough to be applied
to other areas as well. Prominent researchers from some of the most well-
known research laboratories in the world have contributed to this volume,
which provides a concise yet fairly complete overview of the state of the art in
nanofabrication technologies.
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