Index

A

absorption edge, 44

acoustic impedance, 111

aerogels, 108, 110

artificial atoms, 27

atomic force microscopy (AFM), 63,
65, 86-87

atomic layer deposition (ALD), 58-59

Auger electron spectroscopy (AES),
83-85

B

ballistic transport, 35

band diagram, 32

bandgap, 113

bandgap energy, 32
biomimetics, 130

bottom-up approaches, 53
bottom-up nanotechnology, 4
Buckminsterfullerene, 95-96
bulk structure, 11

C

Ce0, 95, 96

carbon aerogels, 111

carbon megatubes, 100

carbon nano-onions, 100

carbon nanobuds, 100

carbon nanotube (CNT), 97, 100

carbonization, 72

charge carriers, 33

chemical vapor deposition (CVD),
57-58

circular Bragg phenomenon, 107

135

colossal magnetoresistance (CMR),
41
columnar thin films (CTFs), 105-106
conductance, 34
conductance quantization, 35
conductance quantum, 36
conductivity, 34
confinement energy, 17
conformal-evaporated-film-by-
rotation (CEFR) technique,
107
Coulomb blockade, 36, 112
Coulomb-blockade model, 37
Coulomb-blockade regime, 37
cryogel, 110

D

de Broglie wavelength, 12
degeneracy, 25, 28

diamond nanocrystallites, 100
digital lithography, 63

dip-pen nanolithography (DPN), 65
direct bandgap, 32-33

displays, 129

E

eigenenergy, 17, 24-25, 27

eigenfunctions, 16, 24, 27

elastic recoil detection analysis
(ERDA), 89-90

electrical transport, 34

electrochemical processes, 72

electrodeposition, 72-73

electron-beam lithography, 61



136

Index

electron energy loss spectroscopy
(EELS), 81

electron microscopy, 77

electron paramagnetic resonance
(EPR), 86-88

electron spin resonance (ESR), 86

ellipsometry, 91

energy dispersive x-ray spectroscopy
(EDS or EDX), 80

energy levels, 24, 28

evaporation, 53, 56

exact quantization, 42

exciton, 33

extended x-ray absorption
fine-structure (EXAFS), 85

extreme ultraviolet lithography
(EUV), 61

F

ferromagnetism, 39

fine structure constant, 42
fluorophores, 115

focused ion-beam (FIB) writing, 65
friction force microscope, 86

G

geometric self-organization, 68
giant magnetoresistence (GMR), 40
graphene, 95, 98

H

Hall conductivity, 42

Hall-Petch, 49

Hall-Petch relation, 48

Hall resistivity, 43

Heisenberg uncertainty principle, 28,
102

high-resolution scanning electron
microscopy (HRSEM), 80

high-resolution transmission electron
microscopy (HRTEM), 77

holes, 33

I
indirect bandgap, 32-33

infrared (IR) spectroscopy, 91

injection lasers, 113

ion-beam analysis, 87

ion-beam-assisted deposition (IBAD),
57

ion-beam sculpting, 65, 67

ion-projection lithography (IPL), 61

L

Landauer formula, 35

Langmuir-Blodgett (LB) film, 115

Langmuir-Blodgett (LB) film
deposition, 69

Langmuir-Blodgett (LB) method, 68,
70

Langmuir-Blodgett patterning, 117

Langmuir monolayer, 116

laser ablation, 56

laser-assisted direct imprint (LADI),
63

laser-assisted nano-imprint
lithography (LAN), 63

lateral-force microscope (LFM), 86

layer-by-layer (LbL) assembly, 70

lithographically induced
self-assembly (LISA), 63

local surface plasmon resonance
(LSPR), 46

local surface plasmon resonance
frequency, 46

low-dimensional structures, 11

low-energy electron diffraction
(LEED), 81

low-energy electron loss spectroscopy
(LEELS), 81

low-energy electron microscopy
(LEEM), 80

luminescence, 91

M

magnetoresistance, 40—41

metamaterials, 124, 130

molecular beam epitaxy (MBE), 59,
60, 114

molecular electronics, 130



Index

137

multiwalled carbon nanotube
(MWCNT), 97

N

nano-actuators, 130

nano-imprint lithography (NIL), 63

nano-imprint technique, 64

nanobiotechnology, 130

nanocolumns, 105

nanocomposite, 112, 129

nanocrystals, 101

nanodots, 112

nanoelectronics, 129

nanolithography, 60

nanomagnetism, 129

nanomaterials, 129

nanomechanical tools (nanotools),
130

nanomedicine, 130

nanoparticles, 2

nanophotonics, 130

nanopillar, 117, 119

nanorods, 117

nanoscience, 11

nanosensors, 130

nanostructure, 2, 11

nanotechnology, 2, 11

nanotools, 130

nanowires, 118, 122, 129

near-field scanning optical
microscopy (NSOM), 85

nuclear magnetic resonance (NMR),
86

nuclear reaction analysis (NRA), 90

(0]

oblique angle deposition (OAD), 57,
105, 106

one-dimensional (1D) structure, 11

optical absorption, 44—45

optical lithography, 61

optical spectrometry, 91

P
particle-induced x-ray emission
(PIXE), 89

photolithography, 61-62

photoluminescence (PL), 91, 101,
103,115

photons, 32

polymer nanocomposite (PNC), 122,
123

porous silicon (PS), 101-102

principal quantum number, 17

proton-beam (p-beam) writing, 65

proton-induced x-ray emission, 89

pulsed laser deposition, 56

pyrolysis, 72

Q

quantum confinement effects, 101

quantum dots (QDs), 12, 46,
112-114, 129, 132

quantum electronics, 129

quantum engineering, 16

quantum Hall effect, 42

quantum mechanics, 12

quantum-mechanical conductance, 36

quantum numbers, 25

quantum of 1D thermal conductance,
39

quantum point contact, 35

quantum state, 17

quantum well, 11

quantum wire, 11

R

Raman spectroscopy, 82

reflection high-energy electron
diffraction (RHEED), 81

resistance quantum, 36, 42

Rutherford backscattering
spectrometry (RBS), 88-89

S

scanning Auger microscopy (SAM),
85

scanning electron microscopy (SEM),
77

scanning probe lithography (SPL), 63

scanning probe microscopy (SPM),
63, 85



138

Index

scanning transmission electron
microscopy (STEM), 80

scanning tunneling microscopy
(STM), 63, 66, 86

Schrodinger equation, 13, 23

sculptured thin films (STFs), 105-106

secondary-ion mass spectrometry
(SIMS), 89

self-assembled monolayers, 68

self-assembly, 67

self-organization, 67

SEM/HRSEM, 79

single-walled carbon nanotubes
(SWCNT), 97, 99

sol gel, 109

sol-gel processing, 72

solar cells, 114-115, 120-121

spectroscopic techniques, 81

spintronics, 40

spray conversion processing, 72

sputtering, 53, 57, 89

step-and-flash imprint lithography, 63

superplasticity, 48

surface-enhanced Raman
spectroscopy (SERS), 82-83

T

templated self-organization, 68

thermal conductivity, 38, 112

thermal spraying, 72

thermolysis, 72

three-dimensional (3D) structure, 11

time-harmonic Schrédinger equation,
14, 25

top-down approaches, 53

top-down nanotechnology, 4

transmission electron microscopy
(TEM), 77

2D electron gas, 34-35

two-dimensional (2D) structure, 11

U
ultraviolet photoelectron spectroscopy
(UPS), 84

A%
VLS processes, 118
von Klitzing constant, 42

w

wave number, 32

wave vector, 32
wavefunction, 13
wave—particle duality, 13

X

x-ray diffraction (XRD), 90

x-ray lithography, 61

x-ray photoelectron spectroscopy
(XPS), 83-84

xerogel, 110-111

Y
yield strength, 48-49

Z
zero-dimensional (0D) structure, 12
zero-point energy, 17



Rail J. Martin-Palma (b. Madrid, Spain, 1972) is a professor
of physics at the Universidad Auténoma de Madrid (Spain). He
received his M.S. degree in applied physics in 1995 and his
Ph.D. in physics in 2000, both from the Universidad Auténoma
de Madrid. He has been a post-doctoral Fellow at the New
Jersey Institute of Technology (Newark, NJ, USA) and a visiting
professor at The Pennsylvania State University (USA). He has
received young scientists’ awards from the European Materials
Research Society and Materials Research Society (USA) for his
research on nanostructured materials.

AKhlesh Lakhtakia (b. Lucknow, India, 1957) is the Charles
Godfrey Binder Professor of Engineering Science and Mechanics
at The Pennsylvania State University and is Editor-in-Chief of
SPIE’s Journal of Nanophotonics. He obtained B.Tech. (1979)
and D.Sc. (2006) degrees in electronics engineering from the
Banaras Hindu University, and M.S. (1981) and Ph.D. (1983)
degrees in electrical engineering from the University of Utah.
He is a Fellow of SPIE, the Optical Society of America, the
Institute of Physics (UK), and the American Association for the
Advancement of Science.





