


chemical vapor deposition (CVD) 10 f,
87 ff
— gas sensors 313
— growth 93
— parameters 98 ff
— process 114
— temperatures 90
chemical vapors sensing 345 ff'
chemicapacitor 343
chip fabrication 93 ff
chip releasability 101
chiral angle 108
chiral index
— photoluminescence 156 ff

— Raman spectroscopy 126, 132 f, 152

chiral vector 52
chirality 3, 56, 91, 181 ff
chloroform 316, 345
chloromethanes 316, 334
clustering 241
CMOS-compatible processes 114, 118 {
CMOS field-effect transistors 26
coalescence 98
coatings 5
cobalt electrodes 10
coherence length 184
coherent charge transport 201
cold field emitters 300
cold-wall CVD 118
complex dielectric function 164
composite ratio 315
composite sensing materials 316
computational modeling 229-251
conductance 6, 59
conducting track 292
conduction band 27, 53
conductivity 2, 6

— pyrolytic graphite 184

— transducers 47
configuration, molecular systems 233
configuration interaction (CI) 191
confined geometries, fluids/water 262 ff,

265
conformational stability 233
conjecture 266
conservative forces 251
contact resistance 7
continuous mode number 49
continuum beam theory 193
continuum Euler—Bernoulli beam
theory 217

continuum regime 256
continuum simulations 245 ff
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cooling 98
coordination centers 238
Couette flow 259
Coulomb blockade 184, 188, 191
Coulomb potential 240
coupled-cluster (CC) method 191, 213
coupling capacitances 22
coupling schemes 244
covalent binding 13, 184, 199
covalent embedding 245
coverage density 212
cross junctions 215, 220
crystal displays 292
crystalline water structures 266
crystallinity 5, 107
cubic scaling 189
current confinement 117
current densities 14, 34
current—voltage (I-V) characteristic 187,
191
— ionization sensor 332
— molecular dynamics 243
— relay gates 67
curvature effects 59, 137
cutoff frequencies 32
cycloadditions 206

d
d-polarization function (DND) 326
Debye equation 341
decay length 221
decomposition 105
defects 10
— Anderson localization 204 ff
— Raman Spectroscopy 129, 151
—sidewall 191
— single-file transport 271
- STM 196
deflection 67, 73, 216
deformations 84
density functional theory (DFT) 189 ff,
196, 213, 234
density of states (DoS) 6, 10, 19, 31, 184,
210 ff
—local (LDoS) 195
desorption 328
detection principle, gas sensors 331
diameters 2-9, 183
—amplifiers 304
- control 91
— distribution 126
— photoluminescence 159
— radial breathing mode 132
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diamond
— continuum beam theory 194
— field emitters 292
—sites 101
diamond-like carbon (DLC) 292
dielectric constant 35, 322, 341
dielectric permittivity 184
dielectrics 14, 21
diffraction pattern 107
diffusion 87
diffusion barrier layers 14
diffusion coefficient 192
— benzene 211
— molecular dynamics 246
diffusive regimes 191, 202
dihedral bond potentials 239
diodes 31 ff
dipcoating 29
dipole-dipole interactions 262
dipole moments 187
dipping 5
Dirac points 53 ff
direct microsystems integration 83-124
direct simulation Monte Carlo (DSMC)
246 ff
disorder modeling 199
dispersion 53 ff, 184, 213, 234
displacement 99, 112
— pattern 152
— peapods 130
—sensing 73
— transducers
displays 295
dissipative particle dynamics (DPD)
dissociation 87 ff
DMol program 326
DMPC membrane 274
DNA separation 264
DNA sequencing 272
DNA-wrapped SWNTs 187
doping 6, 118
— chemical disorder 201
— field emitters 295
— multi-walled carbon nanotubes
10 f
— sensor-based devices 186
double-walled CNTs (DWCNTSs)
dragging heat spot skids 117
drain contacts 27, 31
drift-diffusion equation 246
drying transitions 262
dual-damascene etching 19
durability, gas sensors 333

215, 219

251 f

19, 156

e
efficiency, molecular dynamics 236
eigenfunctions/eigenenergies 195
eigenstates 6
eigenvalues 232
eigenvectors 130
elastic light scattering 162 ff’
elastic properties 183
electrical properties 3
electrical transducers 62
electrode contacts 18
electroless palladium deposition 11
electromagnetic shielding 24
electromechanical measurements 76
electromechanical properties 52
electromechanical transducers 43-82,
215
electromigration 14
electron beam lithography 36, 93 ff, 305
electron charge transfer 186
electron correlation effects 205
electron diffraction 107 ff, 125, 165 ff
electron—electron interactions 59, 136 f,
161

electron emitters 331
electron guns 299
electron—hole interactions 127, 136 f, 161
electron-phonon coupling 146 ff, 170
electron transfer effect 48
electron transport 26, 47, 62
electronic band structure 133
electronic properties 2, 183

— modulation 186

— Raman spectroscopy 127
electronic structure 52
electronic structure calculations
electronic transport properties
electroosmotic flow (EOF) 273
electroretic RNA transport 274
electrostatic embedding 245
electrostatic forces 63
electrothermal actuation 112
elimination techniques 221
elongate pores 22
emission site density (ESD) 293
encapsulation 29
energy dispersion 3
energy flow 44
energy shifts 161
energy-strain characteristics 218
energy width 6, 301
energy window 6
enhancement factor 293

189 f
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entropic forces/traps 265
environmental conditions 126
escape rates 193

etching 16 f, 85, 108, 115

ethyl acetate 345

Euler-Bernoulli beam theory 217
eutectic liquid 88

evacuation 98

Ewald summation 240
exchange-correlation energy 157, 190
excitations 101, 127, 140

f

fabrication 4 f, 87 ff, 312 ff

— field emitters 302

- gas sensors 312 ff

— gates array 297

— interconnects 14

— microbridges 115

— microsystems 86

— pn-diodes 32

— power switch 35

— stretchable integrated circuits 25
Fano lineshape 151
fast multipole method (FMM) 241
FASTTUBE package 274
Fe—alumina catalyst 314
Fe-Mo catalyst 323
femtogram-resolution mass detection

188

Fermi energy 3, 6, 10, 19
Fermi Golden Rule (FGR)
Fermi level 53 ff, 184

— piezoconductance 51

— Raman spectrum 151

- STM 195, 200
Fermi-Dirac states distribution 193
fermion system 184

193, 203

field-effect transistors (FETs) 2, 63, 323 ff
field effects 187
field emission devices 291-310

field emission displays (FEDs) 295
fill factor 95
fillers 21
finite difference (FD) discretization
248
flat panel displays (FPDs) 298
flexible interconnects 24 f
flip-chip bonding 21
fluid mechanics
— confined geometries
— interfaces 252-261
— nano-bio interface 268-275

262 ff

force fields 236 ff

force sensing 73

formation heat 233

Fourier transforms, fast 242
Fowler—Nordheim equation 293, 301
fracture strain 48

freezing 266

frequencies 32

frequency shift 338

friction 218

fullerenes 131, 194, 312
functionalization 35, 186, 199

g
gamma point 131, 152

gas decomposition 105, 116
gas precursors 87
gas sensors  311-350
gaseous fluids 239
gate array 296
gate capacitance 187, 328
gate leakage/stack 28
gate voltage 29 ff, 72
gated channels 269
gating electrodes 32
gauge factor 46, 60, 187
gear/shaft configurations 264
generalized force fields 236
generic process flow 93 f
generic systems 45
geometry optimizations 233
germanium 48
gold electrodes 70
gold—polydimethylsiloxane (PDMS)
interconnects 25
Golgi-endoplasmic reticulum network
268
grain boundary scattering 14
grand canonical Monte Carlo (GCMC)
method 329
graphene 2, 52, 152, 183
graphite 2, 183
— arc-discharge method 312
— continuum beam theory 194
— laser ablation 313
— lattice constant 132
— nanotubes 126 f
—sites 101
- zone folding 189
Green’s functions 189, 192, 221
Green—-Kubo approaches 243
grids 109
GROMOS force fields 236
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groove sites, gas adsorption 327
growth 93
— horizontal 103
— microheaters-supported 114
— temperature 6

h

Hagen-Poiseuille flow 261
Hamiltonian operator 233
— diagonalization 189
—inversion 221
Hamiltonian transport model 192
harmonic oscillators 238 f
Hartree—Fock (HF) field theories
212
heat-depolymerizable polycarbonate
(HDP) 264
heat spots 116 f
heating 98
helicity see chirality
helium flow 263
heptagons 181, 196
heptane 345
hexane 345
HF exposure 109

189 ff,

high-energy modes (HEM) lineshape 129,

151, 154
high-frequency resonators 64
high-resolution transmission electron
microscopy (HRTEM) 166 f
highest occupied molecular orbital
(HOMO) 197
HiPco-produced nanotubes
hole transport 2, 26, 62
Hoove states 6
hopping integral 53 ff, 185, 190, 209
horizontal growth 103
hot-filament CVD (HF-CVD) 17
Hiickel model 209
humidity 341
hybrid modeling 194
hybrid technology 86
hybridization 183 f
hydrocarbons 15, 99, 116, 314
hydrodynamic properties 261
hydrogen bonds 234, 267
hydrogen silsesquioxane (HSQ) 22
hydrogenated carbon precursor 98
hydrophobic-hydrophilic interface 217,
253
hydrophobicity 253
— fluid mechanics
— gas sensors 329

87, 138, 144

270 ff
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ice fluid mechanics 266

ideal nanotube structure 151

ideal transducers 44

impurities 201 f

incorporation, carbon 87

index map 3

inert gases 313

inert walls 253

insulating layers 21

insulator capacitance 31
interconnects 2, 14 ff

interdigital metal contact structure 36
interfaces 252-275

interlayer interactions 19
intermetal dielectric (IMD) 15
intermolecular forces 239
interstitial sites, gas adsorption 327
intertube coupling 220

intervalley scattering piezoconductance 48

intramolecular forces 238

ion channels 269

ion—electron interaction 326

ionization gauges 295

ionization sensor 188, 319, 331

iron catalyst films 115

iron(III) nitrate catalyst 318

iron nitride 118

islands 98

iteration (SETTLE/SHAKE) 239

[-V characteristics see current-voltage
characteristics

J
junction configurations 220
k
Kataura plot 126, 132-147
— photoluminescence 156
— Rayleigh scattering 164
Kelvin relation 117, 341
kinks 129
Klitzing conductance 6
Koehler illumination 111
Kohn-Sham Hamiltonian 196
Kondo effect 184, 191
Kubo formula 192, 203
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lab-on-a-chip devices 268
Lagrangian formalism 252
lamps 306

Landauer conductance 202, 206



Landauer formalism 6, 48 ff, 204
Landauer-Biittiker equation 193, 201, 221
Langevin equation 246
Langmuir-Blodgett (LB) technique 316
Laplace equations 253
laser ablation 5, 87, 313
laser line, (n,m) assignment 144
lattice constant 2, 53, 132, 184
lattice-Boltzmann method 248
layer-by-layer deposition 316
layers 3, 98, 101
lead—tin alloys 21
leakage currents 101
Lennard-Jones potential 236, 240

— mechanical embedding 244

— molecular dynamics 254 f, 258 ff

—slips 257 ff
Lennard-Jones well-depth 217
life sciences 230
lifetime

— broadening 140

— displays 298

— interconnects 14
lift-off process 16, 91
lightweight interconnects
lipid bilayer vesicles 264
liquid crystal display (LCD)
liquid-phase catalysts 89
liquid-phase oxidation 315

24 f

298

liquid-solid boundary conditions 258
local anchorage 116
local density approximation (LDA) 208, 326

local density of states (LDoS) 195

local electron density 234

localization length 204

localized carbon nanotube growth 114

localized heat spots 116

localized regimes 191

location control 90, 103

London forces 213

long-range interactions 240

longitudinal optical (LO) phonon 130

Lorentz—Berthelot mixing rules 239

low-k dielectrics 14, 21

LPCVD 102, 119

luminescence spectroscopy 155, 184
see also photoluminescence

Lyapunov instability 236
m
magnetic properties 184

magneto-resistance phenomena 201
manufacturing see fabrication
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many-body effects 184
maximally localized Wannier functions
(MLWF) 205

Maxwell equation 258
mean field theories 189 ff, 212
mean free path 6 f, 193, 211
— piezoconductance 48
—scaling 199
mechanical band gap tuning 56
mechanical embedding 244
mechanical properties 183
mechanical resonance shifting 187
mechanical strain 46
mechanical strength 21
mechanical torsion 67

mechanical transducers 46, 62, 217

mechanical transport models 193
melting points 293
mesoscopic systems 48, 252 ff

metal catalysts 97 f, 313
metal contacts 31
metal deposition 36
metal-semiconductor transitions 68
metal separating layer 19
metal substrates 15
metallic nanotubes 3, 126
—armchair 185
— Kataura plot 135, 138, 147, 150
— Rayleigh scattering 163
metallic signatures 52
methane 6, 86
methanol 94, 118, 345
methyl silsesquioxane (MSQ) 22
methylthiophene nanocomposite 333
microelectromechanical systems
(MEMS) 44, 63, 66, 84
— chip fabrication 93
microelectronic applications
microheaters 114
microsliders 109
microsystems integration 83-124
microwave amplifiers 304
mid-gap work function 27
miniaturization 84 f
mobilities 2, 47
modeling methods 195 ff
modes 129 ff, 152 ff
molecular dynamics (MD)
— force fields/potentials
— slip/simulations 259
molecular mechanics relaxation 214
Moller—Plesset perturbation theory 191,
213, 234
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194, 217, 232 ft
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molybdenum 118
momentum conservation 127
morphology 315
Morse potential 239
MOSFET-type transistor 27
Mulliken charges 214
multibody contributions 238
multilayer buried catalyst approach 19
multiples 3, 54
multiscaling  229-290
multiwalled carbon nanotube (MWCT) 2
ff, 126, 181-228
— field emitters 293
— gas sensors 312 ff
— Raman spectroscopy 131 f
—relays 66 f

n
(n,m) assignment 144
NAMD package 232
nano-bio interface, fluid

mechanics  268-275
nanoelectromechanical systems

(NEMS) 43,86
nanofluidic networks 264
nanoimprint lithography 264
nanopipes 273
nanoporous membranes 272
nanoscale fluid mechanics (NFM)
nanosyringes 272
nanotube-embedded microsystems 109
Navier—Stokes equations 246 ff, 252

— flow motion 263
—slips 256

Nb electrodes 324
near-field Raman scattering 154
nearest-neighbor tight binding model 52
Newtonian dynamics 194
Newtonian fluid 260 ff

229-290

Newtonian mechanics 232, 235 ff
nickel layer 97, 104
nitrenes cycloadditions 206

nitrogen-doped CNTs 328

nitrogen impurity 203

Ni-Y catalyst 313

no-slip condition 257

noise rejection capability 315

nonequilibrium molecular dynamics
(NEMD) 243 f, 261

nonorthogonal tight-binding model
147

n-type transistors 27

nucleation 87, 99

137,

0
O-H bonds 239, 246
OH groups 254 f

Ohm’s law 48 ff

Ohmic contacts 27

oil-oil attraction 253

on/off ratio 36

open-ended SWNTs 325
optical emission 156

optical properties 127, 184
optical spectroscopy 125-180
optical transducers 62

optical transition energies 132
optoelectronic transducers 63
orbitals 3, 234

organic light emitting diode (OLED)
oriented pores 22

oxide-based gas sensors 332
oxide-CNT composite 19
oxide layers 15

oxonium salt doping 10

298

p
p-doping 6
n-m* bands 184
n-stacking 199, 213
packing densities 36
palladium contacts 29 ff
palladium embedding 10
parasitic capacitances 31
particle (P) — continuum (C) interface
247
particle-mesh Ewald (PME) method 241
particle—particle particle-mesh technique
(P°M) 241

patterning techniques
PCTE membrane 273
PDMS microchannels 273
peapod structures 131, 166
pentagon-heptagon pairs 181

— defects 204

- STM 196
performed self-consistent field (SCF) 326
permittivity 184
perturbing signals 212
phase coherence length 204
phase space 6
phase transfer agent 318
phase transitions 265 ff
phenylalanine (PHE) 212
phonon-assisted tunneling 220
phonons 107, 127, 130
photolithographic nanostructures 84

91 ff



photolithography 85

photoluminescence 134, 155 ff

photoluminescence excitation (PLE)
spectroscopy 155 ff

photoluminescence imaging 126

photon wavevector 128

physisorbed molecules signatures 207

physisorption 199, 214

piezoeffect 63

piezoelectricity 184

piezoresistance 59 ff, 75

piezoresistive gauge factor

piezoresistive transducers

pipe flow 261

pixels illuminatation 296

Planck’s constant 233

plasma display (PDP) 297

plasma-enhanced chemical vapor deposition
(PECVD) 15 f, 23, 321, 297

pn—diodes 31

Poiseuille flow 247, 259

Poisson equation 241

Poisson integral method (PIM) 241

Poisson ratio 47 f, 55

polarizability 187, 341

polybenzoxazole (PBO) 22

polyethylenimine (PEI) 33

polymer amine 32

polymers 22

poly(methyl methacrylate) (PMMA) 318

46, 60, 187
46 ff

— gas sensors 334
—resist 33,93
polypyrrole (Ppy) 319, 334

poly-Si layer 110
polysilicon supports 92
pore sites, gas adsorption 327
pores 22
potassium permanganate 318
potential barrier 291
potential energy function 238 ff
power—displacement characteristics 113
power transistors/switches 34
precursors 87
pressure sensors
pretreatment 98
printed circuit board (PCB) 318
process flow 93 f

— gates array fabrication 297
process temperatures 95
production see fabrication
propagation time 22
propanole 345
properties modulation 181-228

69 f
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proteins rupture force 243
purification 126, 314
pyrolytic graphite 184

q

quantization 6

quantum capacitance 31

quantum confinement 199

quantum effect 84

quantum mechanics 45, 233, 244

quantum mechanics/molecular mechanics
(QM/MM) 244

quantum transport theory 204

quasiparticles excitations 127

r
radial breathing mode (RBM)
148
—Dband 110
— frequency 170
— sensor-based devices 181
radiofrequency (RF) PECVD process 321
Raman imaging 110
Raman scattering 118
Raman shifts 99 f
Raman spectroscopy 126 ff, 187
— bilayer grown 104 f
— purifucation 315
random walk model 248
rarefaction degree 256
raw CNT matrix 319
Rayleigh scattering 126, 155 ff, 162 ff
Rayleigh scattering spectroscopy 134,
147
RC delay 22
reaction chamber 95
reaction zones 242
reciprocal space 3
reduced amorphous carbon growth 103
reflectionless conductor 49
rehybridization 137
relaxation
— flow motion 262
—method 213 f
— strained carbon 88
— transducers 47
relays 66 ff
reservoir zone 242
resistance 6
— displacemant sensing 73
— leakage currents 101
— pressure sensors 71
resistive heating 114 ff

128 ff, 142,
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singularities 185, 196
skids 117
Slater—Koster—type cosine factor
slip-flow regimes 255 ff
small band gap semiconducting (SGS) 60
smoothed dissipative particle dynamics

method (SDPD) 252
smoothed particle hydrodynamics

(SPH) 252
smoothing functions 240
sodium dodecyl sulfate (SDS) doping 10
software packages, molecular

dynamics 232
soldering 21
solid-phase catalysts 90
solvent-solvent interaction 253
source bumps 21
source—drain areas 26
source—drain contacts 30 ff
sp’-bonded carbon atoms 2
sp’® hybridization 65
sp® hybridization state 2, 183
sp’ rehybridization 207
spacing 3, 57

— amplifiers
— field emitters

spectral properties
spin coating 93
spin degeneracy 7
Spindt tips 291
spin-on-glasses (SOGs) 24

220

304
294, 298
233

split transitions 135
spot welding 9
spraying 5

spring constant 216

sputtered metal catalysts 97 f
sputtering 19, 98
states, density of (DoS)
214 ff

steered molecular dynamics (SMD)
stiffness 183
Stillinger-Weber force-fields
stochastic boundary conditions
stochastic forces 252
Stokes—Oseen solution 261
Stokes scattering 128, 140 f, 145
Stone-Wales (SW) defect 196 f
strain 6
strain gauges 46

— piezoresistive 63

— pressure sensors 70
strain transducers 46, 219
strained graphene 54

6, 10, 19, 31, 184,

243

194
242

streptavidin molecule 219

stretchable interconnects

striking properties 52

structural properties 183

structure, graphene 2

submicron range 84

subtractive etching 19

substrate composition 89

superconductivity 184

supercooled water 266 {

supersaturated eutectic liquid 88

surface acoustic wave (SAW) 316

surface-bound CVD 87 f, 119

surface conductor emitting display

(SED) 299

surface diffusion 87

surface micromachining 84, 114

surface restructuring 97

surface roughness 259

surface sites, gas adsorption 327

surface-to-volume ratio 84, 330

surfactant-wrapped nanotubes 130
— chiral index 132, 139, 145
— photoluminescence 157

surfactants 149

susceptibility 184

suspensions 94

symmetry operations 3

24 f

syringes 272

t

tangential modes 130
Taylor series 46, 51, 242

Taylor-Couette flow 261
temperature calibration/gradients
temperature ranges 2, 5, 15, 298
temperature sensitivity 99
tensile loaders 112
tension transducers 46
terminal groups 254
termination 88
Tersoff-Brenner potential 194, 217
Tersoff-Hamann theory 195
tetrahydrofuran 345
texture, catalyst films 97
thermal bumps 21
thermal conductivity 21

— graphite 2, 184

116

thermal properties 183
thermionic cathode 302 ff
thermionic emitters 300
thermopower 184
thickness 315
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thin film catalysts 97
third-nearest neighbor, tight-binding
model 134
Thomson coefficient 117
tight-binding (TB) approach 3, 6, 189, 208
ff, 217
— band structure 182 ff
— continuum beam theory 194
— Hamiltonian 196
— Raman spectroscopy 136
— strained graphene 54
time consumption 240
time-dependent density functional theory
(TDDFT) 191
time resolution 305
tip-enhanced Raman scattering 154
tips 107 f, 291 f
toluene 345
Tomonaga-Luttinger liquid behavior
191, 205
top-down approach 85
top-gate approach 28
torsion 59
— actuators 67
— molecular dynamics 239
transducers, electromechanical 43-82
transduction mechanisms 188
transistor technology 26 f
transition energies 128, 170
— Kataura plot 135 ff
— photoluminescence 162
transition regime 257
translational symmetry 152
transmembrane carbon nanotubes 274
transmission 6
transmission amplitudes 50
transmission coefficient 51, 193

184,

transmission electron microscopy (TEM) 8,

110, 126, 188
transport channels 6
transport formalisms 191 ff, 199
transport strain—current characteristic
220
transverse optical (TO) phonon 130
traveling wave tube (TWT) 304
trench sizes 105
trichloroethane 345

triethyloxonium hexachloroantimonate (OA)

doping 12
Troullier-Martin norm-conserving nonlocal
pseudopotential model 326
tryptophan (TRP) 212
tube bridges/gaps 106

tube bundling 97
tube-molecule distance 327
tunneling 27

— electron microscopy 315

— field emitters 301

— strain transducer 220
two-point resistances 11
tyrosine (TYR) amino acids 212

u

ultrasonic agitation 95
unit cell 53
Urey-Bradley term 217

v
vacancies 129, 152
valence band 53
van der Waals corrections 213
van der Waals interactions 99, 111

— mechanical embedding 244 f

— molecular dynamics 239
van der Waals potential 217
van Hove singularities 185, 196, 211
vapor-liquid—solid (VLS) mechanism 88
velocity coupling (VC) approach 249
velocity gradients (VGC) 250
vertical interconnects (vias) 14 ff
vertical SWCTs 35
very large-scale integration (VLSI) 86
vesicles 264
vibrational properties
voids 109
voltage—displacement characteristics 113
volume fraction 23

127 ff, 183

w
W tips 291 f
wafers 17, 85

wall-fluid interactions 263
Wannier functions 205
water
— capacitance response 345
— confined geometries 265
— properties 230
water-benzene system 235
water—graphite interactions
254
water-water potentials 237
wavefunctions 213, 233
wavevector 3
Weeks—Chander—Andersen potential 260
wettability 26
wetting 253
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white noise 200
work functions 27
wrapping mode 53

x
X-ray imaging tubes 305
X-ray scattering 128

Y
Y-junctions 164 f

Yang model 58
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Young’s equation 253
Young’s modulus 63, 183, 194, 217

z

Zeeman splitting 184

zeolites 156, 262

zigzag nanotubes 53 ff, 130, 136, 185
— directions 167
— photoluminescence 158 f

zone folding 53, 136, 184, 189

zwitterion aromatic histidine (HIS) 212
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