
Index

1,4 benzene di-thiol 213
1,4-benzodithiolate 263
16-bit parallel processing, molecular

assembly 307
1-d conductor 137
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BaTiO3

– ferroelectric transition 15, 16
batteries
– definition 6
– energy densities 7
– lead-acid 8
– Li-ion 6
– nickel metal hydride (NiMH) 7, 9
– rechargeable 6, 9
Baughman 187
Bechgaard 216
Bell 400
benzene 102, 107, 118, 123, 195
– as a field effect transistor 263
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benzene ring 104, 116, 176, 425
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binary bits 333
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246
Bohr�s model 48, 50, 77
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Bose–Einstein distribution function 70
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Bragg reflection 112, 140, 177
Bragg scattering 140
Brillouin function 161
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Broglie, Louis de 52
buckyball 45, 124, 198, 294
bulk heterojunction composite 386
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c
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cantilever 247, 249, 304
– chip 249
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– of an isolated sphere 44
capacitor 9
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capital investment 417
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carbon-carbon double bond 102
carbon 60 molecule 198, 199
carbon nanotube 15, 175, 185, 213, 231,

294, 302, 323, 406
– definition 187
– density of electron and hole states 137
– electric field 191
– field-effect transistor 244
– growth 230
– images 186
– thermal conductivity 188
carrier concentration 147
carrier multiplication 25
Casimir force 72
cathode LFP 7
CdS laser 196
CdS nanowire 196, 197
– light emission spectrum 197
cerium 9
cesium 90
channel plate, definition 26
charge cloud 43
charge-coupled-detector (CCD) 26
charge qubit 337, 341, 345
– coupling 349, 350
– coupling schemes 348, 349
charge transfer salt 233
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– shift 109
– table of the elements 89
– vapor deposition (CVD) 228, 234, 238
– vapor deposition (CVD) reactor 228,

230, 234
Child-Langmuir law 42
CIGS 375
CIGS cell 378, 389
– current-voltage curve 379
– economic aspects 380, 416
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coated quantum dot 200
cobalt 9
coercive field 160
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complementary metal oxide semiconductor

field-effect transistor (CMOS) 36, 302
complex conjugate 53
complex number 53
conductance interference 190
conduction band 18
conductivity 41, 130
– of ferromagnetic metals 313
Cooper box 350
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copper indium-gallium selenide solar cell. see

CIGS cell
Coulomb blockade 291, 293
Coulomb blockade energy 294
Coulomb constant 443
Coulomb force 48
covalent bond 92, 95, 100
covalent double bond 102
critical current density 154
cryogenic computers 4
crystal oscillator 17
crystal radio detector 46
Curie�s law 81
current density
– in semiconductor 18
– of a solar cell 368
current source, definition 6
current-vector fields 118
cut, definition 355
cutoff frequency 56
CVD method 196
cyclohexadiene 107
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dangling bond 158
data centers 414
Davisson 52, 59
deBroglie matter-wave relations 59
deBroglie wavelength 14
delta doping 278
dendritic growth 399
density of states 135
depletion region 150
detectors 23
deuterium 85
diamagnetic susceptibility 107
diamagnetism 104
diamond 91
– bond angle 93
– crystal structure 141

diesel engine 72
diffusion 43
diffusion constant 43
digital video disk (DVD) 38
dimers 114
– Kekule�s 114
diode
– Esaki 275
– resonant interband tunnel 277
– resonant tunneling 272, 275
– triple-barrier resonant tunneling 277
dipole antenna 69
direct bandgap 143, 153
distributed Bragg reflector (DBR) 136
DNA 171, 172, 244
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– double-stranded 245
– homologous recombination 245
DNA-templated two-nanowire SQUID-like

device 171
dodecylamine 192
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domain wall 160
donor atoms 145
dopant 236
doping 146
double barrier 271
double tunnel barrier 267
double-well structure 342
drifted germanium detector 24
dry etches 235
Durgun 405, 406
dye sensitization, principles 383
dye-sensitized solar cell 382, 384
– principle of operation 383
dynamic random access memory

(DRAM) 34, 38, 311
dynamic random access memory (DRAM)

cell 306

e
e-gun evaporation 236
Einstein coefficient 84
Einstein formula for the mobility 43
electrical conduction 130
electrical conductivity 7
electrical storage devices 38
electric current density 41
electric dipole moment, definition 15
electric field circling 55
electrolyzer 403
electromagnetic waves 82
electron(s) 42, 47
– angular momentum 49

Index j447



– behavior in atom 78
– charge 47
– measurement 47

– delocalized 110
– energy 49
– evidence 143
– ground state 51
– hopping 98
– lifetime 145
– magnetic moment 50
– mass 443
– per unit volume 148
– photoexcited 80
– potential energy 75
– scattering 314
– total energy 49
– transition 83
electron affinity, definition 96
electron bands, model 138
electron-beam lithography 240
electron devices 6
electron diffraction 52, 207
electron field emission 14
electron flow images 208
electronic conductivity of ferromagnets 165
electronic polarizability 121
electron motions 45
– correlated 106
electron oscillation 348
electron polarizability 124
electron spin 33, 338
electron states energies 76
electron synchrotron 17
electron waves 31
– Bragg scattering 140
electrostatic exchange interaction 159
Emeraldine base 215
emission
– lines 50
– of light 83
– stimulated 86
energy
– bands 136
– density 6
– forbidden 138
– gaps 138
– of a particle of light 46
– of light 50
epitaxial 36, 37
Esaki diode 19, 42, 275
Esaki, Leo 30
Esaki tunnel diode 151
etching 234
– anisotropic 235

– dry 235
– isotropic 235
Ethane 101
ethylene 102
exchange interaction 100
excimer laser 96, 240
exciton 80, 202, 374
– role in energy transport 217

f
Fabry-Perot interference 191
Faraday�s law 16, 55, 104
Farhi 354
Fermi
– energy 11, 69, 132, 134
– function 133
– temperature 134
– velocity 11, 133
Fermi-dirac distribution function 70
Fermion(s) 69, 88
ferroelectricity 167
ferroelectric
– polarization 16
– random access memory (FeRAM) 16, 39
– transition 16
ferromagnet 159, 160, 163, 311, 317, 321
– conductivity 314
– electronic conductivity 165
– hard 164, 313
– properties 162
– saturation magnetic moment 161
– soft 164, 313
ferromagnetic
– conductivity 313
– metal 286
– nanowire 331
ferromagnetism 100, 160, 312
Fert, Albert 34, 311
field effect transistor (FET) 1, 35, 43, 251,

263
– metal-oxid-silicon- (MOSFET) 251, 259,

261
– operating principles 252
– small size limits 255
field emission current density 13, 14
field emission tips 14
field emitter 13
field scaling 253
– rules 254
fill factor 368
fine structure 85
– constant 443
– splitting 107
flash memory 39, 331
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fluorinated copper phthalocyanine 232
flux quantum 443
flux qubit 62, 337, 357
forbidden energy gaps 138
forest 406
front cell 387
fuels 366
fullerene 124, 176, 232, 387
– electron polarizability 124
– magnetic screening currents 126
– screening current 126
fundamental charge 443

g
GaAs 202, 209
– energy bands 144
– energy band structure 143
GaAs layers 351, 352
Gallagher 286
gamma ray energy 25
GaN photonic-crystal surface-emitting

injection laser 211, 212, 241
gate electrodes TEM image 260
Gauss 118
Gaussian wavefunction 69
Gauss�s law of electrostatics 54
generators of alternating current 16
Gerlach 51
germanium 24, 150
germanium tunnel diode, current

voltage 150
Germer 52, 59
Giaever, Ivar 30
giant magnetoresistance (GMR) 131, 313
giant magnetoresistance detector 33
GMR spin-valve magnetic field detector 34
GMR tunnel-valve magnetic field detector 34
gold 194, 226, 247
– atomic imaging 247
– layer 227
– nanowires 299
– SEM image 227
– STM tip 298
– surface 226
– absorptance 226

– wire 195
gold-black deposit 227
gold-black layer 227
Gold, Thomas 365
Graetzel 384
Grajcar 359
graphene 15, 103, 177, 191, 213
– bilayer 182
– bond length 176

– Brillouin zone 177
– conductivity 180
– crystal structure 179
– planar 179
– crystal structure 179

– single layer 182
– sheets 176, 178
– valley polarization 185
graphite 103, 176
group delay time 274
group velocity 56
Grünberg, Peter 34, 311
Gunn diode 18
gyromagnetic ratio 52, 104

h
Haber–Bosch process 391
hafnium 95
Hall effect 131
H-alpha 84
Hamiltonian operator 60, 336, 339, 354
Hartree–Fock self-consistent-field

methods 118
Heisenberg uncertainty principle 57
helium 90, 106
hematite 398
hetero-epitaxy 19
heterojunction 19
– definition 36
– epitaxial 36
– laser 155
heterojunction (HBT) bipolar junction

transistor 37
high electron mobility transistor (HEMT)

36
high temperature superconductors 168
hole(s) 142, 201
– evidence 143
– heavy 144
– injection 197
– light 144
– motion 147
– per unit volume 148
Honsberg 372
hopping integral 99, 117
Hund�s rules 94
hybrid ferromagnet-semiconductor

switching device 321
hybrid wavefunctions 93
hybridization 91
hydrogen 85, 338, 391, 416
– as fuel 390
– atom 48, 75, 80, 83, 87
– binding energy 443
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– bonding and anti-bonding states 100, 101
– for ammonia production 391
– H-alpha 84
– liquefaction cycle 404
– market 418
– molecule 99
– molecular ion 97, 343
– orbit 443
– polarizibility 443
– production 391, 392, 417
– production by electrolysis 392
– production for energy transport 390
– storage and transport 393, 403, 404
– storage based on ethylene 406
– storage in poly-acetylene 405
– storage method 404
– wavefunctions 99, 110
hyperfine interaction 337

i
ideal gas constant 443
imaging detector 26
imaging method, innovative method 210
impedance measurement technique 359
InAs 202
InAs quantum dots 203
incandescent light bulb 21, 23
indium-tin oxide (ITO) 217
InGaAsP laser 158
injection laser 20, 29, 153
injection laser diode 155
ink-jet printing of organic transistors 220
intermediate band solar cell
– based on quantum dots 371
– schematic diagram 371
– theoretical efficiency 370
iodobenzene 248
ionic bond 95
ionic molecules 96
ion implantation 238
ion trap 352
iron oxide 400
– as water-splitting electrode 398
– silicon-doped 398
iron phosphate cathode 7
island 243
Iso-octane 102
isotropic etch 235

j
Johansson, M. P. 126
Johnson 321
Johnson–Silsbee effect 323
Josephson, Brian 30

Josephson energy of flux qubit 358
Josephson frequency 443
Josephson junction 30, 32, 170, 267, 281,

350
Josephson supercurrent 170, 281
Josephson tunnel junction(s) 26, 357
Josephson–junction-based computing 2
Julliere model 317
junction
– injection laser 153
– switch tunnel 301
– voltage 19
Juselius, J. 118, 126

k
Kekule, August 114
Kekule structure 114
kinetic energy 47
Kronig 139
Kronig–Penney model 116, 139
Krusin–Elbaum 192
K shell 89

l
lanthanum 9
large scale batteries 390
laser 69, 96
– ablation 238
– assisted CVD (LACVD) 228
– assisted direct imprint (LADI) of

nanostructures 420
– heterojunction 155
– InGaAsP 158
– quantum dot 156
– quantum well 156
– vertical cavity surface emitting 156,

157
Lee 405, 406
LFP cathode 7
light
– emission 84
– speed 54, 443
– wavelength 47
light absorptions 50
light emitting diode (LED) 20, 153, 217
light wave, plane-polarized 31
Li ion battery 8
– operating principle 8
Li-ion cell 8
lithium 90
lithography
– electron beam 240
– ultraviolet 239
London, F. 121
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lumen, definition 21
Lundstrom 257
Lyman-alpha 84, 86
Lyman series 84

m
M13 virus 421, 423
magnesium oxide 285, 286, 287
magnetic
– disk drive 42
– disk memory 39, 329
– domain wall racetrack memory 329, 330,

331
– dot logic gate 327
– energy of orientation 51
– field 51, 55, 82
– flux 168
– moment(s) 50, 95, 340
– permeability 164, 313
– quantum number 51, 77
– random access memory (MRAM) 34, 39,

311, 319
– resonance force microscope (MRFM) 323,

324, 326
– resonance imaging (MRI) 82
– resonance imaging (MRI) technology 335
– screening current 126
– susceptibility 82
– tunnel junction MRAM arrays 319, 320
magnetization 81, 160, 193, 315, 316, 323
– anti-parallel 316
– parallel 316
– remanent 313
magnetoresistance 131, 316
magnetotactic bacteria 162
majority spins 163
manganese 9
mass action law 149
maximum cut, definition 355
maximum cut problem 355
Maxwell–Boltzmann distribution 70
Maxwell, J. C 54
Maxwell�s displacement current 55
Maxwell�s equations 54, 59
Maxwell wave equation for free space 55
McCann 184
Meissner effect 168, 171
memory
– magnetic random access 319
– non-volatile 319
memory cells 306
metal deposition 236
metallic single wall nanotube (SWNT) 189
metal-organic chemical vapor deposition 196

metal-organic vapor phase epitaxy 241
metal(s) 129–136, 236
– as boxes of free electrons 131
– conductivity 164
– cooperative effects 166
– of high work function 13
– organic 216
– spin-polarized densities of states 165
metal-semiconductor 29
metastable electronic state 86
methane 91, 101, 365
microwaves 424
Millikan, Robert 47
Millipede 249, 425
minority carriers 149, 152
minority spins 163
Mistry 259
mobility 130
model
– for electron bands 138
– Kronig–Penney- 139
molecular
– beam epitaxy (MBE) 36, 202, 238
– crystals 233
– rectifier 301
– surgery 198
molecules 95
– cyclic
– linearized model 111

Moodera 317
Moore, Gordon E. 1, 254, 412
Moore�s Law 1, 253, 254, 426
MOSFET 259, 261
Mott, N. F. 315
multi-junction solar cell 372

n
N-alkanedithiols 299
nanoelectromechanical switch 307
nanoelectronic devices, self-assembly 421
nanoelectronics
– definition 4, 5
Nano-FET drive current 256, 257, 258
nanomagnet 327, 328
– TEM image 328
nanopore (Nuclepore) filters 224
nanoribbon 185
nanostructural surface
– completely absorbing 226
nanotechnology
– definition 4
nanotube forest 231
nanotubes 178, 187, 213, 304
– carbon 187, 191, 231, 302, 406
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– current capacity 188
– double wall 192
– ferromagnetic 192
– growth 225
– multiwall VOx 192
– nested 188
– TEM images 188

– quantum interference effects 190
– rules and nomenclature 187
– single-wall 190, 305
– titania 224, 401
nanowire conductors, gold atom 194
nanowire 196, 224, 302
– CdS 196, 229
– germanium 230
– growth 229, 230
– of gold 299
– silicon 230
– vanadium/benzene 195
– virus enabled synthesis 423
naphthalene 103, 120
Nb/Al2O3/Nb trilayer method 284
neodymium 9
Newton, Isaac 373
NFET 253
nickel 9, 93
nickel metal hydride battery 9
NiMH battery 9
niobium 4, 284
nonvolatile RAM 302, 305
NPN transistor 37
n-type semiconductor 142
nuclear spin 338
nucleus 48

o
octane 101
Ohm�s law 41
Ohta 182
oil resources 365
optical cavity 153
optical fiber 57
optical storage devices 38
orbital angular momentum quantum

number 77
orbital period 49
organic
– light emitting diodes (OLED) 21, 217
– metal 216
– metal crystal 233
– molecules 213
– single crystals 232
– vapor grown 232

– solar cell 385

oscillating charge 69, 83
oscillating electric dipole 83
oscillatory probability distribution 68

p
pair wavefunction 31
parallel spin 100
paramagnetism 161
Parkin 286
particle, trapped 60, 62, 66
particle-wave nature of light and matter

52
pass band 138
Pauli principle for electrons 140
Pauli�s exclusion principle 69, 78, 88, 94,

132
Pauli, Wolfgang 69
payoff
– definition 355
Penney 139
pentacene 232
Penzias 71
periodic boundary condition 111
Permalloy 318
permittivity 10
Petta 187
phase change memory (PCM) 425
phase change random access memory

(PRAM) 39
phase velocity 56
phosphorus pentachloride 93
photochemical water splitting 393
photocurrent 369, 395
photodetection 223
photodetector 25
photodiode 25
photoelectrons, kinetic energy 47
photomultiplier 24, 46
photon 137
– energy 443
photon density 47
photonic crystal 86, 210
– SEM images 211
– trapping of light 210
photovoltaic energy conversion 416
photovoltaic solar cell 367
pi bond 102
piezo constant 167
piezoelectric material 166
PIN diode 25
Planck thermal energy density 71
Planck time 272
Planck�s constant 46, 443
plane-polarized light wave 31
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plasma enhanced chemical vapor deposition
(PECVD) 228

platinum black 226
PN diode junction 151
PN junction 27, 151, 367
– generation of light 155
– laser 153
– photodetector 28
– thermionic current density 152
PNP bipolar transistor 37
Poisson equation 42, 54
polarizability 121
– of fullerene 124
poly(p-phenylenevinylene) (PPV) 217
polyacetylene 214, 405
– doped 215
polyaniline 215
polycarbonate 224
polymer 213
– conductive 213
– metallic 214
polymer organic solar cell 386
polymethylmethacrylate 234
polysilicon 242
polyvinylphenol (PVP) 221
population inversion 96, 154
positron 79
positronium 80
potassium 90, 183
potential well 133
praseodymium 9
principal quantum number 76
proton 337
– mass 443
proton spin magnetic moment 337
pulsed NMR technique 356
Purcell effect 86
PV cells 417
PVCR 33
pyroelectric crystal 167
pyroelectric effect 16
PZTmaterials 16

q
quantization 49
quantum cellular automata (QCA) 327
quantum
– angular momentum quantum number

77
– computer 333, 415, 416
– computing 2, 3
– coated 200
– dot 4, 45, 199, 373
– dot laser 156

– emission of light 204
– in biological research 201
– InAs 203
– of CdSe 199
– TEM image 200

– mechanics 30
– non-demolition measurement 336
– number 48, 76, 133
– magnetic 77, 78
– photoluminescence spectra 203
– principal 76
quantum-mechanical tunneling 13
Quantum Point Contact (QPC),

conductance 207
quantum well 67, 137, 205, 270
– injection laser 204
– laser 155
Quantum Well Infrared Photodetector

(QWIP) 205, 206, 270
quantum wire 67, 135, 193
qubit 2, 277, 334, 341, 344, 359
– charge quibit 341, 345
– flux quibit 357
– quantum phase oscillations 351
Quiesser 368

r
Rabi frequency 87
Rabi oscillation 87
radian frequency 56
radiation 82
radio frequency single electron transistor

(RFSET) 294, 345
radio waves 46
RAM, non-volatile 302, 305
Random Access Memory (RAM) 38
Rapid Single Flux Quantum (RSFQ) computer

technology 17
rapid single flux quantum (RSFQ)

technology 279, 281, 282, 283, 284
recombination length definition 25
rectifier molecular 301
reflection probability 12, 64
remanent magnetization 313
Ren 257
residual resistance ratio (RRR) 129
resistance 41, 129
– by a single molecule 298
resistivity 130
resonance 102, 114
– integral 99
resonant interband tunnel diode (RITD) 19,

33, 277
resonant tunnel diode (RTD) 33, 42, 272
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resonant tunneling transistor 276
Resonant-tunneling hot-electron transistor

(RHET) 37
resonating valence bonds 115
rotoxane 301
rubidium 90
rubrene 232
Ruthenium 384
Ruthenium-based dye 385

s
sacrificial layer 242
salicidation 259
saturation magnetization 161
scanning tunneling microscope (STM) 245,

248
– schematic diagram 247
scattering of electrons 314
Schottky
– barrier 158, 159
– depletion 158
– emitter 15
– junction 29
– metal-semiconductor 159
Schrödinger Cat States 62
Schrödinger equation 50, 59, 62, 69, 75, 92
– time-dependent 59
– time-independent 60
Schrödinger, Erwin 50, 59
screening current 126
selection rule 69, 83
self-assembly 308
self-assembly of molecular computer 300
semiconducting polymers 387
semiconductor 81, 142, 148, 158, 201
– bandgap 368
– carrier concentration 146
– current density 18
– degenerative, metallic 149
– density of electron states 147
– density of hole states 147
– energy gaps 144, 145
– hydrogen donors 145
– N-type 142
– organic 232
– PN junction 27
– structures 218
– surface structuring 223
– tandem cell 389
– VLSI 4
Shockley 368
shunting resistor 281
silicide 257
silicon 142

– crystal 262
– devices 411
– masking layers 234

– energy bands 144
– energy band structure 143
– nanostructures
– laser-assisted direct imprint (LADI) 420,
422

– nanowire 230
– revolution 1
– solar cell 368
– technology 233
– patterning deposition masks 234

silicon chip 242
– buried oxide layer 261
– crystal 262
– devices 411
– masking layers 234

– nanowire 230
– revolution 1
– solar cell 368
– technology 233
– power dissipatation 413
silicon-on-insulator-technology 261
Silsbee 321
SIMOX wafers 239
simple harmonic oscillator (SHO) 67
– probability density 68
single electron charging energy 294
single-C60 transistor
– current–voltage curves 295
single electron transistor (SET) 243, 289, 290,

292
– based on a carbon nanotube 294
– based on C60 molecule 294
– current–voltage curves 293
– fabrication 296
– gate voltage 44
Single Flux Quantum Voltage Pulse 282
single mode 154
single wall nanotubes (SWNT) 190
single-junction solar cell 370
single-mode light 154
single-molecule transistor 301
sodium 90
solar cell 25, 28, 30, 371, 373, 375, 418
– current density 367
– current–voltage characteristics 368
– dye-sensitized 382
– principle of operation 383

– efficiency 374
– fill factor 368
– multi-junction 372
– organic 385
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– polymer 386
– structure 386
– tandem polymer 388

– polymer 386
– production costs 381
– single junction 370
– tandem junction 369
– thin film 375
solar energy 366, 367
– comparison with wind power 418
– required 380
– spectrum 23
sonication 167
source-drain channel 290
sp2 hybrids 91
sp3 hybrids 91
space-charge-limited current density 42
speed of light 54
sphere currents 425
spin-flip scattering time 314
spin-injection 323
spin-injection device 322
spin-polarized densities of states 165
spin-polarized tunneling 287
spin triplet 88
spin-valve sensor 315
sputtering 237
SQUID detector 26
SQUID, see Superconducting Quantum

Interference Device (SQUID)
standing waves 114, 140
standing wave states 113
Static Random Access Memory (SRAM) 39
Stefan-Boltzmann law 71
Steffen 355, 356
Stern 51
stimulated emission 154
Stokes� Law 47
Storage devices 38
strain engineering 262
sub-band index 67, 136, 205
Sulfur hexafluoride 93
Sundholm, D. 118, 126
supercapacitor
– with high permittivity 10
– with large area 10
superconducting flux 169
superconducting flux quantum 32
Superconducting Quantum Interference

Device (SQUID) 26, 171, 284
superconducting wave function 169
superconductivity 30, 31
superconductor 32, 167, 217
– definition 280

– pair wave function 168
– Type I 168
– Type II 168
superparamagnet 162
surface states 29
switch tunnel junction 301
SWNT 246
synchrotron light sources 82
synchrotron radiation 82

t
tandem
– cell water splitting device 397
– junction solar cell 369
– polymer organic solar cell 386
– solar cell 398
Tao 298
TBRTD 38
Teramac 300
tetracene 232
tetracyanoquinodimethane 216, 232
tetrahedral bond angle 92
tetra-methyl p-benzo-quinone (DRQ) 123, 308
tetramethyltetraselenafulvalene 216
tetrathiafulvalene 216, 233
thermal radiation 22
thermionic
– current density 11
– emission 10, 12, 42
– emission current density 12
Thyristor 38
titania 224
titania nanotube 224
– SEM cross-sectional views 225
– SEM image 211
titania photoanode 401
titanium 9
titanium foils 225
transistor 295
– field effect 251
– price 412
– production 411
– radio frequency single electron-

(RFSET) 294
– resonant tunneling 37
– single electron 41, 44, 47
Transmission Electron Microscope 15
transmission probability 15, 65
trans-polyacetylene chain 214
trapped particle 60
– expectation values 62
– expectation value of the energy 63
– expectation value of the momentum 63
triple-barrierresonant tunnelingdiode 38,272
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triple covalent bond 102
TTF-TCNQ 216
tungsten 12
tunnel
– current 34, 287, 318
– junction 279
– magnetoresistance (TMR) 131, 273
– valve 33, 34, 41, 163, 164
tunneling 2, 13, 30, 34, 36, 42
– barriers 300
– effect 35
– energy change 292
– junction 291
– magnetoresistance 267
– through a one-dimensional barrier 274
– time 272
Turner 392
two-nanotube system, energy 303
two-terminal devices 27

u
Ullmann reaction 248
ultraviolet lithography 239
uncertainty principle 69
unit cell, area 14
urea 418

v
vacuum
– graphitization 182
– triode 34, 43
– tube 21
valley filter 185
valley polarization 185, 186
vanadium 195
varactor 28
vector potential 168
vertical cavity surface emitting laser 156, 157
virus-cobalt oxide monolayer anode 424
virus-enabled synthesis of nanowires 423
voltage pulse single flux quantum 2

w
Wakabayashi 258
water
– electrolysis 392
– photochemical splitting 393
– splitter 397

– splitting device 397
– water-splitting electrode 398, 399
wavefunction 31,32,53,57,59,61,68,69,77,78
– anti-symmetric 88
– for a beam of particles 53
– for an electron 121
– hybrid- 91
– linear combinations of angular momentum

wavefunctions 91, 95
– of one-electron atoms 75
– one electron wavefunctions 76
– orbital and spin components 88
– symmetric 88
– two-particle wavefunction 63
waveguide 56
– circling 55
wavelength of the light 2
waves
– propagating in free space 55
– standing 140
wave�s phase velocity 54
Weber
– definition 26
wet etches 234
whiskers 230
White Electro-phosphorescent LED 220
Wilson 71
wind power 389, 418, 419
Winful 274
work function 42, 132, 258
Wulfhekel 285

x
Xenon 95
Xu 298

y
Young�s moduli 189

z
Zener, Clarence 28
Zener diode 28
Zettl 188
zinc 378
zincblende
– crystal structure 141
Zinc Phthalocyanine 386
zirconium 9
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