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bandgap energy 70, 88
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barrier tunneling 51, 65

basic microscopic properties, condensed
matter 5
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big bang 137
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carbon black 16

carbon bonds 138

carbon nanotube 71, 140-141, 273
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— relation to pitting of metal surface 128

CdS nanowire
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— injection laser 118
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changes in physical behavior 6
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— silicon based 238-239
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221
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— role of capacitance vs dimensionality
244
complementary molecular (CMOL) vs
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conformations, protein molecules 2
connections with biology 2
constant energy surfaces 98
continuity of y(x) 66
controlled chemical etching 15
controlled precipitation chemistry 16
conventional silver halide photography
16, 146
cooperative bulk effect 123
copper-catalyzed transformation 172
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current loop 78

current-in-plane cip geometry 197
curvature, of energy band 108

d

dangerous organisms

— bacteria 277

— viruses 277

dangling bonds 24, 124

Darwinian evolution 2

data storage 161,173

d-bands 195

DDT 137

DeBroglie relation 54, 61

decomposition temperature

— diamond 274

— graphite 274

deep reactive ion etching 39

deflection of cantilever 168, 169

degenerate metallic semiconductor layer
116

delocalized electron gas 97

delocalized electron states 106

density 69

— elemental carbon (diamond) 3

— elemental carbon (graphitic) 3

— of electron states 99

— of information 13

— of water 3

depletion region 9, 109, 125

depth, potential well 97

deuterium, field emission
probability 291

devices

— human designed working 1

— molecular scale 2

—scale 1

— size 1

diamagnetic susceptibility 140

diamond 88, 138

diamond and zincblende crystal
structures 106

“diamondoid” covalently bonded
materials 24

“diamondoid” nanostructures,
proposed 271

diatomic molecules 5,72

di-atoms 84

dielectric constant 53, 109, 111

dielectric spheres 45-46

dielectric susceptibilitye 5

diffusion length 23

di-hydrogen 86-87

di-hydrogen vibrations 289

dipolar field 89

dipolar fluctuations 90-92

dipole interaction energy 40

dipole—dipole force 89

directed bonds 106

discharge, of non-reactive ions 156

dispersion relation 19

displacement current 57

distinct electron propagation modes, analog
to optical modes 221

distinct quantum states, number 76

DNA 2,137

DNA polymerase 96

DNA polymerase engine 96

DNA strand 46-48

DNA template 47

DNA-directed assembly 42

DNAP engine 96

domain walls 121

domains 121, 122

— magnetic, walls 194

donor impurity 10, 53, 109, 111

doping of silicon 108, 120

double covalent bonds 140

double helix DNA 275

double-well charge qubit 242, 245-253

— charge oscillation 246

— creation of wave-packet 235

— electron wave function combinations 247

— electron wave functions 244

— energy bands 257

— formed by implantation of single donor

ions 234,235

— information contained 237

— initialization method 246

— readout method 242

— resonance condition 235, 243

— symmetric and anti-symmetric states

236

doubly clamped beams 20

drain contact 143

drugs 16

dry etching 156

e
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effective spring constant 17, 20
— for cantilever 20
efficiency 35
— motor 36
electric dipole moment 40, 65, 227
electric field 21
electric field ionization of deuterium
(hydrogen) 129-131
— estimate of lifetime by
Oppenheimer 129
— simpler tunneling estimate of field
needed 129
electric polarizability 89-90
electrical barrier layer 9, 109, 125
electrical capacitance 3
electrical charging energy 4
electrical devices 29
electrical resistivity p 5
electrically pumped laser 145
electromagnetic field 59
electromagnetic fluctuations 93
electromagnetic waves and
speed ¢ 58
electron, spin-dependent scattering
194-196
electron effective mass 195
electron interference devices 220-226
electron modes in point contact
constriction 222
electron pairs 85
electron ripples 69
electron spin 175-177
— freely rotating 190
— imaging, by magnetic resonance force
microscope (MRFM) 176, 177
— precessing 190
electron tunneling 129
electron wave lengthA=#/p 219
electronbeam gun (e-gun) 157
electron-beam lithography 159-160
electron-hole pairs 53
electronic conductivity, ferromagnet
195-196
electronic gyroscope sensors 293
electronic parameters, of important
semiconductors 109
electronic states of an atom 3
electrons, indistinguishable
nature 84
electrostatic energies 290
electrostatic exchange interaction 121
electrostatic forces 30
emission 65
emission wave lengths, photons 10
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energy bands 5, 102, 106
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energy density 39, 59

energy density of states, spin polarized
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energy gaps 53, 102, 104, 105

energy levels 51
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envelope function 60-61
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exchange interaction 87

— equivalent magnetic field 186
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exchanging the two electrons 84

excitons 54, 74—80
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expectation value 64-65, 86, 185

— energy 65

expectations, of nanotechnology 271

f
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synthase 30

fabricate a diamond structure 174

fabrication methods, of semiconductor
physics 6

“Fabry-Perot interference” optical analog
225

Faraday induction effect 175

Faraday’s law 57,216

Fermi energy 5,69, 81, 97, 112

— location of 113,114

Fermi function 99

fermi particles 290

Fermi temperature 99, 100
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fermions 81, 85
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— critical temperature, and relation to
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ferroelectric (insulating crystal) (contd.)

— surface charge density, and electric field
127

ferromagnet

— hard 193-4

— hysteretic 122

— internal magnetization of 193

— majority spins 193

— minority spins 193

— soft 193-4

ferromagnet nickel 123

ferromagnetic bits 11, 12

ferromagnetic domain 13

ferromagnetic transition 122

ferromagnetism 87, 121-4, 290

ferromagnets 84

FET device 266

fiberoptic communication 5

field effect transistor (FET) 143, 156

field ionization

— electron tunneling model 290

— hydrogen and deuterium 129-131

— rate under applied electric field 129

filled band 104, 106, 290

filters (Anapore) 15

first zone 106

flagella (propellers)

flexible mask 43

flight of the bumblebee 24

fluctuating electric dipole 90

fluorescent emission 289

fluorescent light 10

fluorescent markers
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forbidden energy gaps

force constant 174

forward bias 109, 110

four assumptions, analyzed by Brooks 280

frequency of light 5

friction-free molecular bearing 24, 274

fringe magnetic field 202, 203

full shell configuration 83

fundamental frequency 287

fusion reaction releasing neutrons 129

24, 28, 34

54, 145

67,102, 107

future 271-84
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GaAs 107
gaps 104

Gauss’s law 56

Gaussian function 73

100 Gb disk memories 8

genetic code 137

genetic engineering 278, 283, 284

— bacteria 278

— viruses 278

genetically engineered corn 153

genetics, nanotechnology, robotics (GNR)
276

Giant Magnetoresistance Effect (GMR)
11-13

giant magnetoresistance gmr

Gigahertz range 4

GMR magnetoresistive sensor, sensitivity
13

gmr spin valve 197-8

grandfather clock 17

granularity of nature 27

graphene sheet 140, 141

graphite 25, 138, 140

graphite vaporization 274

graphitic nanotubes 16

“gray goo” myth 175
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grid in the vacuum triode 4

group velocity 58, 105, 290

grown silicon dioxide SiO, 155

Gunn oscillators 4, 10

gyromagnetic ratio 79

— electron 189

— nucleon 189

194-6

h

Hamaker constant 91

hard disk 11

harmonic oscillator equation 63

heat capacity 22

heat dissipation

heat engine 30

heavily doped pn junction 111

heterostructure 161

hexagonal ring 140

high-temperature superconductor (HTS)
157

hole 70, 107, 263, 289

— nature of 113

HTS films 157

HTS superconductors 166

human condition, substantially change 282
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human slavery 283

humans, breeding 282
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hydrogen molecule 86
hydrogenic acceptors 110-121
hydrogenic donors 110-121
hydrogenic electrons 53
hydrolysis 36

hydrolysis of ATP 30
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IBM Millipede storage device 295

ideal gas law 292

— modification in adiabatic case 132

Image of step in localization of nanotube in
device 48

imaging, magnetic resonance mri 177

imaging of single electron spin by magnetic
resonance force microscope (MRFM)
175-7

implant oxygen ions 158

implantation damage 158

inadequacy of rate 273

InAs quantum dot  145-6

inclusions 146

incommensurability 25

indirect bandgap 108

individual locations of atoms 41

induced dipole 89, 90

inductive time constant 21

inductor 21

information 7

injection laser 116-21, 145
— single-nanowire 119-21
InP 71

InP nanowires 72,173
interaction

— contact hyperfine 189
— dipole—dipole 188
— electron spin with nuclear spin 188
— electron—nuclear spin 188
— expectation value 189
— hyperfine 189
interaction energy 86, 293
interaction of charge qubits binding energy
vs barrier height effects 249
— electron pairs (Cooper pairs)
inabox 250
— parallel and orthogonal geometries 249
interaction of the tip 40
interactions between electrons 83
interatomic spacing 5
interior locations, inaccessible 273
internal exchange field 122
intrinsic semiconductor 114
in-vitro fertilization 282
iodobenzene 172
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ion channels 2,36-8
ion implantation 156, 158
ion trap produced in GaAs
— demonstrated trapping of single Cd ion
253, 254
— fabrication steps in photolithography 254
— micrometer scale electromagnetic trapping
cavity 253
— possibility of a qubit 253
ion-beam gun 156
ionic bond 41
ionizing a particles 15
isolated double quantum dot as
qubit 246
isotropic scale reduction, one or two
dimensions 3
isotropic scaling 21

J
Johnson—Silsbee effect 203, 205
Johnson —Silsbee effect in aluminum 194
Josephson effect 85
— alternating current (AC) 216
— maximum supercurrent 210
— phase difference ¢ 210
— tunnel junction 210
Josephson junction
— non-latching 215
— resistively shunted 215
Josephson tunneling junctions 164
Julliere model of tunnel valve

sensor 199

k

kinesin 2, 28-30

kinetic energy 21, 52

Klystrons 4

Kronig—Penney model 101-107, 290

1

Langevin equation 23

large quantum numbers 65

larger issues of human existence 271

laser ablation 142, 144, 157

laser assisted catalytic growth 71, 72, 142,
144

laser beam 43

laser hetero-junction 145

laser (Light Amplification by Stimulated
Emission of Radiation) 85, 141

latent image 146

life

— artificial 279, 280

— patentson 282
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lifetime of carrier against
scattering 110

lift forces 23

light emission from single bubble
collapse 134

limit of improvements 8

limit of large quantum number 65

limiting vibration frequencies 5

linear and rotary engines 30

linear chain of masses 19

linear combination 60, 76

— solutions 62

linear oscillator 289

linear paths 15

linear vibration frequency, CO
molecule 288

lipid wall 2

liquid helium 164

localization 61

locking tendencies 25

long solenoid 21

longitudinal resonant frequency 18

longitudinal vibration frequency 292

lubricating properties 24

luminescent labels 11

m

machine assembly 167, 272

machine tools 38

macroscopic magnetization 87

magic numbered (stable) 141

magnet, soft 184

magnetic bit 7,13

magnetic dipole-dipole interaction in
hydrogen atom 294

magnetic disk 13, 173

magnetic disk data density 123

magnetic field 78, 175

— effective, related to exchange

interaction 279

— gradient 176, 186

— local, in material medium 80

— nuclear 183-217

— resonant, microwave 174, 175

— resonant rotating 190

— “resonant slice” for imaging single spin

175,176

— rotating 175

magnetic field mapping 148

magnetic field sensor 13

magnetic logic device

— as incorporated into silicon chip 199

— planar nanomagnets in 211

— quantum cellular automaton 203

— summary of logic states 211
— three-input inverting majority function
205

magnetic moment 78,176

magnetic permeability 80

magnetic quantum number 75

magnetic random access memory mram

— bitline 201

— cross-bar array 228-232

— nonvolatile 228-232

— tunnel barrier 205

magnetic resonance force microscope
(MRFM) 175-177

— relation to atomic force microscope (AFM)

173-177

magnetic resonance imaging, MRI
187-189

magnetic susceptibility 79-80

magnetic susceptibility k 5

magnetic technology 7

magnetic vector potential A 207

magnetite 124, 147-149

magnetization 79-80, 87

— remanent 194

— saturation 194

magnetized domain 13

magnetoresistance mr (ratio) defined
194-196

Magnetospirillum magnetotacticum 147

majority universal logic gate 203-206

markers 11

masking layers 155

masks 154—155

mass action law for carrier concentrations
116

mass density 5

massive rapid computation 167

Maxwell’s equations 56-57

Maxwell’s wave equation 61, 62

Mean free path, gas molecules 290

mean free paths 292

measurement of the electron charge 28

mechanical resonance frequencies 17

melting points, of molecular solids 91

melting temperatures, of strong solids 273

MEMS (Micro-electromechanical Systems)
6,161

— microelectromechanical 42

mesoscopic size range 2

messenger RNA 43

metallic conduction 106

methane 139-140

microelectromechanical (MEM) device 13

microelectronics 1



microelectronics fabrication process 39

micromachined planar capacitor plates 94

microtechnology 1

microtubules 31

Millikan “oil drop experiment” 288

Millipede cantilever array storage device
22,161

millipede project 173, 174

minerals, antiferromagnetic 147

miniaturization 1,8

minimum radius of collapsing bubble 132

minority carrier in semiconductor 112

— relation to reverse current in pn junction

115

misconceptions, of nanotechnology
257-268

mobility 4 107, 142

modification

— genes 276

— viruses 276, 277

modifying certain molecules of biology 137

modifying natural processes 153

modulation of the bandgap 142

molar mass 3

molecular assembler 169-172, 275-276

molecular assembler tip 41

molecular beam epitaxy (MBE) 145,
157-158

molecular bearing structure 24

molecular building blocks 46

— nanotubes, buckyballs, nanowires 46

— small and of reliable dimensions 46

molecular electronic devices 244

— latching 245

molecular scale motors 2

molecules

— state of rotation 150

— synthesized 137

moment of the area in the direction of the
bending 19

monoatomic step 172

Moore’s Law  7-9, 51, 85, 159, 264—266

motion of the bar 161

mri, receiver coil 188

muscle myosin 31

myosin 28, 30

myosin movement 32

myth, gray goo 175

n

nanocrystals 10

— superparamagnetic 148
nanofabrication

- AFM  174-175
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— guided by dna strands 46

— self-assembly of complementary single
strands of DNA 47

— using building blocks 46

nanoharp 20

nanolithography 173

nanometer scale motors 28

nanometer-scale physics 1

nanonewton 20

nanophysical effects 9, 87

nanophysical rules 51

nanophysical tunneling 162

nanophysical tunneling effect 67

nanophysics 1,2

— concepts 2

nanopore (Nuclepore) filters 15

nanopropeller 35

nano-replicas, common mechanical devices

272

nanoscale machines 1

nanoscale magnets 2

nano-symmetry 84

nanotechnology 1,9, 13, 257

— viable complex 2

nanotransistors 36—37

nanotube

— capacitance per unit length 294

— diameter dependent on chiral coefficients
295

— effective spring constant for length L,
clamped at each end 288, 289

— electric current density 295

— resonant frequency for section of length L,
clamped at each end 295

- Young’s modulus 295

nanotube based FET 143

nanotube, carbon  141-144, 262

— armchair 142-143

— ballistic 293

— chiral 142

— multi-walled 141

— single-walled 141-143

nanowire 3, 144—145, 169

- CdS 144

— silicon 144-145

— silicon, coated with oxide 145

nanowires of indium phosphide 71,72
naphthalene 140

nearest neighbors 122

negative resistance range 10, 110

negative slope 9

NEMS (Nano-electromechanical Systems)
36, 161

nerve impulses 37
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nested carbon nanotubes 24

neuron 37

neutral density filters 15-16

neutron generation by pyroelectric
field-ionizing device

— measurement of 100 keV x-ray emission

130

— measurement of ion-current 130

— measurement of neutron rate 130

neutron generator

— based on pyroelectric crystal 128

— field-ionizing 128

Newton’s laws of motion 14, 17

61, 268

normalization constant 64

NPN transistor 156

N-type semiconductor 107

nuclear spin 175

— isolation 185

— orientation 186

nucleon, magnetic moment 187

nucleotides 43

nodes

nucleus of the atom 52
nudge the atoms 40

o

octane 139-140, 292

off-axis electron hologram 148

Ohmic contacts, Silicon 125

one-dimensional box 289

one-electron atoms 74

one-electron wave functions 75

open channel 2

optical cavity mode viewed as simple
harmonic oscillator 118

optical fiber 59-60

optical lithography 158

optical spectra 52

optical tweezers 43-45

optically trapped structures 45

orbital angular momentum quantum number
75

orbital wave functions 87

order parameter, of coherent distortion
126, 127

orders of magnitude 4

organic chemistry 138

organic molecules, bonded 87

oscillations of conductance di/dv vs gate

— voltage 225,226

— influence of nanotube length, relate to

Fermi velocity 226
— slight irregularity of 225

p
parallel plate capacitor 21

partially covalent 88

partially ionic 88

particle

— associated wave property 51
— barrier penetration of 51
particle of light 27

passivation 124

patents
— on DNA and RNA 282
— on “life” 282

patterning 154
Pauli exclusion principle
98, 106
pentagonal carbon ring 140
Pentium chip 8
period of pendulum oscillator 17
periodic arrangement, charged
ions 97
periodic nature of the potential 102
periodic structure 6
periodicity 6,110
Permalloy 80
permanent electric dipole moment 88
permeability, magnetic 194, 199
petaflop computer 165
— operating cost 165
— power 165
phase velocity 56
phenomena of nanophysics 271
photoelectric effect 288
photoelectrons 28
photoemission 288
photographic development 16
photographic emulsion 146
photolithography 154, 173-174, 293
— intrinsically planar 42
photoluminescence 72
photons 27-28, 59-60, 288
— energy 288
photoresist 44
photoresist polymer 154
physical constraints 66
physical laws
— classical 2
— quantum-mechanical 2
physical requirements on wave function 63
piezoelectric 126, 167-168
piezoelectric material
— coefficient relating strain (distortion) to
electric field 126
— example PZT, lead zirconate-titanate 126

76, 81,97,



— relation to operation of scanning probe
microscope 126

— use as transducer to produce sound wave
127

piezoresistance 169

pitch of nanotube  143-144

Planck’s constant 10, 18, 27, 52, 288

plant cost, microelectronic 9

plasma 155

plasma formation in collapsing bubble 133,

134

PMMA polymer film 173

PN junction in semiconductor 116-117

— action as injection laser 116-117

— capacitance of junction, dependent on
voltage 117

— current-voltage relation 116

— diffusion current of minority carriers 117

— thermionic current 116

— width of depletion region 116

PN junction injection laser 118-119

— critical current density, formula 119

— optical cavity 118

— reflection coefficient of cleaved
semiconductor 118

— relation to nature of bandgap, as direct vs
indirect 119

— single-nanowire, CdS 119-121

point contact gate design 220

polar molecules 89

polarization, P, of electron spins 199

polarization P of spins 79

polio virus 278

— as synthesized from “mail order” materials
281

polycarbonate 15

polycrystalline silicon (polysilicon) 155

polymethylmethacrylate (PMMA) 7

polystyrene 16

pore sizes 15

positive bias 111

post-human beings 283

posthuman future 277, 282

potassium channel 29

potential differences 38

potential energy 18, 52

potential step 65-67

power, needed for information technology

165

power absorption 287

power consumption, RSFQ technology 166

power density 21

principal quantum number 83

probability 55, 64, 291
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probability cloud 75

probability density 55, 74

probability distribution 64, 73

production, profitable 1

projections, robotics/artificial intelligence
280

propeller 35

properties, of some common ferromagnets
125

proposed sleeve bearing 272

protein polymers 31

proteins, not present in nature 281

prototype “Molecular Assembler”
169-172

pulling, Au atoms 169

pulse

- 191

- /2 190

P-type semiconductor 107

pyroelectric 126

— example is lithium tantalate 129

pyroelectric neutron generator

— compact 128

— electric field near tungsten tip 129

— field-ionizing 128

— fusion of deuterons 129

— with release of energy and neutrons 130

q

quantization of angular momentum
51-53

quantized conductance 221

quantum computing 183-186

— algorithm advantage 237

— conceptual questions 237

— relation to encryption 237

quantum condition 53

quantum dot fluorescent 5

quantum dots (QDs) 3,4, 10-11, 34, 54,70

— coated 11

quantum interference of electrons in carbon
nanotube FET 223-226

quantum limit 2

quantum mechanics 1

quantum nanophysics, probabilistic 2

quantum number n 18, 52, 74, 289

quantum of conductance 221

quantum rules 51

quantum sensitivity limit 16

quantum size effect 289
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resonant tunneling diode

— action as “energy filter” 232

— electron bound state 232

— incorporation in transistor

— tunnel barrier 232

resonant tunneling transistor (TBRTD)

— bound state electron wave function 234

— current voltage relation with

multi-stability 232

— double gated 233

— energy bands 234

— triple barrier, double well 233

response time of accelerometer 17

retina 2

Reynolds number 22

rigidity parameter 18

ripples of electron density 67

RNA 2

RNA polymerase engine 43, 96

RNAP engine 43

RNAP molecule 45

Roadmap 159, 162, 166

robotic technology 278-281

robotics 279

— independent 280

— willful 280

role of quantum dot in increasing radiative
efficiency 119

“room at the bottom” 4

rotary motors 30

rotation sensors 293

roughness of gas/liquid interface 134

RSEQ counting circuit 163

RSEQ technology 163-167

rules of nanophysics 83

232-233

s

sacrificial layers  160—162

saturation magnetic moment 123

saturation magnetization 122, 194

scale range 3,8

scaling of gas temperature with bubble radius
132,133

scan, 3-d raster 187

scanning probe microscope 153



Scanning Tunneling Microscope (STM) 20,
38-41,167-173

Schottky barrier 124, 125

Schrodinger’s equation 1, 58, 62—63,
73-74

— time-dependent 62, 63

sediment 149

Segway Human Transporter 293

self-assembled monolayers 149—-150

self-assembly 42, 46-48, 138

self-consistency equation 123

self-replicating machines 1

self-replicating molecular assembler 154,
275

semiconductor 117

— carrier concentrationin 112-115

— concentrations of electrons and holes

109

— degenerate 115,116

— density of states 168

— effective mass of electron or hole 171

— electrical neutrality 113

heavily doped 115

— metallic 116

metallic doping, P* or N* 112

— minority carrier diffusion length 117

— minority carrier lifetime 117

— recombination of carriers 117

— valence band 113

semiconductor electronics 1

semiconductor QD crystal 11

servo loop 167

sharp absorption 10

shear modulus 20

shell structure, atoms 83

Si 106

silicon carbide nanorods 142

silicon computer technology, future 162

silicon lithographic microtechnology 13

silicon nanoelectronics

— 45 nm photolithographic process 219

— wave optics (vs geometrical optics) in

mask design 219

silicon nanowire 71

silicon technology 154—158

simple harmonic motion 21

simple harmonic oscillation (SHO)
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spin-up electrons 124
splitting, hyperfine 188
spring constant 286
spring motor 30
sputtering 156, 157
square well potential 289
stability (constancy) of concepts of solid state
physics under scaling 6
stained glass windows 15
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192-193
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time-independent Schrodinger’s equation
63

tip, access 252

tip bias voltage 40

tip heater 22

tip heater time constant 174

tips, vibrate excessively 41

titanium carbide 143

Tobacco Mosaic Virus (TMV) 278
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x-ray lithography 158-159
xylophone 4,5

y

Young’s modulus 5, 18, 19, 142
z

zero heat dissipation 142

zero point energy 73,93

— di-hydrogen 289
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