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AB effect see Aharonov–Bohm

effect

AB interference effects 81, 83, 90,

92

AB oscillations 53, 55, 58, 60, 62,

66, 81, 84

AB phase shift 73–75, 78, 86, 90,

93, 95

AB resonances 81

AB ring interferometer 74

AB rings 72, 73, 75, 97

ac magnetic fields 47–52, 54,

56–68

Aharonov–Bohm effect (AB effect)

48, 59, 60, 74, 77, 78, 84, 85,

87, 89–91, 96

Aharonov–Bohm interferometry

19

angle resolve ultraviolet

photoemission spectroscopy

(ARPES) 160

angular momentum 35, 107

anisotropy 32, 169, 171, 176

magneto-crystalline 165, 173

step-induced 171, 175

anisotropy energy 169, 170, 174

annealing 158

annihilation 77

annihilation operators 5

antibonding orbitals 30

anticrossings 29, 30, 32, 38, 65,

73, 86, 96

antiferromagnetic ordering 166,

175

antiresonance 13, 48, 60–63, 65

antiresonance scales 62

antisymmetric wavefunctions

38

ARPES see angle resolve

ultraviolet photoemission

spectroscopy

atomic layers 156, 163, 165, 178

atom index 107

atomistic simulation 105

atomistic simulation technique

118

band dispersions 108, 160–162

band folding 162

band gaps 183

bands 108, 163, 184, 185, 187

conduction 102, 108, 111, 183,

184

free electron 160

light hole 107

valance 107, 183

band structures 105, 107, 111,

112, 162

calculated 107

electronic 106

barriers 115, 130, 162, 166

Bennett clocking 136, 137, 140,

141, 146, 148, 151

BIA see bulk inversion asymmetry

Bloch functions 39

Bloch’s theorem 106

Bohr magneton 78
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bonds 194, 195

short 193

sigma 192

Boolean computation 124

Boolean logic 149

Brillouin zone 158, 184, 185

hexagonal 184

reduced 158, 160

bulk Dresselhaus parameter 114

bulk inversion asymmetry (BIA)

101, 104, 112, 118

carbon atoms 181, 182, 185, 186,

192, 193

carbon nanotubes (CNTs) 187,

188, 192

metal-decorated 192

metallic 192

carbon skeleton 185, 186

clocking scheme 131

4-phase 146

adiabatic 141

clocking sequences 135

clock rate 123, 140, 146

clock signals 142, 146

CMOS transistor 142

CNT-based spintronics 195

CNTs see carbon nanotubes

coherences 54, 56, 63–65, 72

conductance 3, 13, 19–21, 77, 86,

87

linear 20

spin-dependent 12, 13

suppressed 87

total 12–14

conductors 187, 189

contour plots 74, 81, 82, 85, 86,

89, 93, 94, 96

close-up 94

corrugations 185, 188, 189

Coulomb blockade 47

Coulomb blockade region 79

Coulomb coupling constant 185

Coulomb energy 185

Coulomb interaction 3, 24, 50,

183, 191

coupled quantum dots (CQDs) 23,

24, 26, 28–32, 34, 37, 41

coupled quantum states 41

coupled semiconductor devices

101, 118

couples 2, 8, 15, 63, 72, 166

coupling 4–6, 17, 27, 38, 50, 54,

59, 76, 81, 93, 105, 107, 144,

162

bridge 16

coherent 55

electron–electron 186

interdot 53

interdot tunneling 5

spinorbit 18

surface-bulk 162

tunnel 32, 51, 61

CQD formation 26

CQD PL Spectra 32

CQDs see coupled quantum dots

CQD samples 27, 28

CQD Schottky diode device 27

CQD spectra 26, 29, 32

CQD states 30

charged 30

CQD system 36

crossings 75, 86, 97

transmission peak 86

Curie temperature 172, 173

current densities 117, 118

calculated 117

resolved 117

total 118

currents 7, 9

spin-polarized electric 2, 7

CV2 energy 134, 135

dangling bonds 186, 194, 195

dark states 32, 48, 54–56, 59–61,

66, 67
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DBRTS see double-barrier resonant

tunneling structures

decoherence 51, 55, 60, 62

degeneracy 3, 31, 107

six-fold 107

spin 186

valley 186

degrees of freedom 2, 48, 59,

124–126

demagnetization factor 139, 167,

173, 175

density, edge-state 190

density matrix 51, 58, 63–65

density of states (DOS) 187, 189,

190

density plot 65

depinning 168

thermally activated 167

destructive interference 13, 53,

96

detuning 54–56, 66

finite 53

zero 54

Dicke effect 4, 21

dielectric constant 185, 191

differential weighted

spin-polarization 86,

100–104

dipolar interactions 166, 175

dipole 149

dipole coupling 131, 140, 143,

144, 146

inter-magnet 135

dipole–dipole interaction 136

dipole interactions 125, 130, 136,

137, 140, 142

dipole terms 143, 144

Dirac–Weyl particles 185

dispersion 159, 160, 163, 184,

185

dissipation 124, 127, 135, 142

domain walls 129, 167, 168, 171,

173, 175

DOS see density of states

DOS peaks 190

doublebarrier resonant tunneling

structures (DBRTS) 19, 101,

104, 109, 118

double QDs see double quantum

dots

double quantum dots (DQDs) 7,

21, 47, 61, 62, 66, 67, 69, 73,

91, 92

parallel-coupled 16

symmetric 79

doublets 31, 32, 164

polarized 35

Dresselhaus BIA mechanism 112

Dresselhaus Hamiltonians 104,

109, 112

Dresselhaus SOC 103, 104, 113

Dresselhaus types 105

Dresselhaustype SOC 101, 118

dynamics, spin-block 167

Dyson equation 6

e-beam lithography 27

eigenenergies 64, 65

eigenstates 53, 58, 59, 63, 65

electronic 188

eigenvalues 102–104, 107, 109

eigenvectors 103, 104, 110

electrical conductivity 187, 195

electric field 2, 26–30, 34, 36, 44,

48, 68, 101, 104, 115, 116,

118, 129, 152

electron energy 74–76, 81, 85, 89,

90, 93, 96, 117, 158

electron energy states 73

electronic wavefunction 48, 49

electrons

conduction band 104, 109

free 160, 161

ground state 41

localized 183

polarized 188

scattering 20
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spin-polarized 16, 182, 188

surface-state 17, 162

electron spin 2, 13, 15, 35, 47, 55,

61, 63, 72, 73, 115, 124, 150,

155

electron states 31, 38, 50, 72

electron system 181, 184

electron transport 3, 4, 20, 66

electron trapping 54

coherent 66

electron tunneling 50, 52

electron wavefunction 32, 56, 75,

77, 96

energy 6, 28, 29, 31, 32, 50, 51, 65,

75, 76, 81, 103, 115, 116,

122–130, 135, 140, 141, 146,

162, 188

binding 160, 162

dipole–dipole interaction 138

electron beam 158

photon 159–163

quasi-bound state 90

spin-splitting 115

thermal 79

energy barrier 129, 130, 168, 170

energy dissipation 124, 127, 129,

134, 135, 141–143, 145, 151

energy eigenvalues 104

energy gap 183, 187

energy levels 8–10, 32, 83, 90, 93,

188

spin-split 72, 76, 93

energy shifts 24, 77, 163

energy spectrum 74

energy splitting 73, 113, 115

energy states 41, 83, 92, 135, 189

energy values 77, 79–81, 84,

89–91, 93, 94, 96

E-values 84, 85

excitations 28, 35, 37, 38, 41

excitons 24, 28–31, 37, 43, 44

exciton states 31, 32

Fano factors, opposite 12

Fano resonances 12, 13, 72, 81

Fano-type resonances 73, 87

Fe atoms 169, 170, 173

Fe films 172, 175

thin 171

ultrathin 173

Fe–Pt system 166, 173, 175, 176

Fermi distribution function 6

Fermi energy 76, 90, 117, 184,

186, 187, 190

Fermi function 87

Fermi level 6, 29, 161

Fermi momentum 184

Fermi points 184, 185

Fermi’s golden rule 51

Fermi surface 160

flux 25, 50, 58, 63, 74, 78–80, 82,

84, 86, 90, 91, 96, 97

finite 83, 86

non-zero 97

zero 97

flux curves 81

flux quanta 52, 53, 77, 81

flux value 80, 81, 83, 84, 90, 97

non-zero integer 81

Fourier transform 5

gate voltages 2, 9, 15, 16, 49, 72,

90, 102

g-factors 38, 57, 75

tunable 38, 39, 44

GNRs see graphene nanoribbons

graphene 72, 181–186, 188–190,

192–196, 198

doped 183

intrinsic 185

rippled 189

graphene layer 188

graphene nanodisks 189–191,

196
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graphene nanoribbons (GNRs)

181, 183, 186, 187, 190, 191,

195

armchair 187

narrow 186

zigzag 187

graphene plane 189

graphene quantum dots 189, 191

graphene sheet 182, 183, 189

non-planar 193

Green’s function 5, 6, 11, 111

gyromagnetic ratio 78, 81, 139

Hamiltonian 4, 5, 31, 50–53,

62–64, 73, 77, 102, 104–107,

109, 114, 187

intra-cell 107, 110

k-dependent 106

Heisenberg system 156

hole wavefunctions 32, 36, 39

honeycomb lattice 181, 182

hybrid spintronics/straintronics

121, 122, 124, 126, 128, 130,

132, 134, 136, 138, 140, 142,

144, 146, 148–150, 152

Indium flush process 25

Indium flush technique 25, 26

interference 48, 53, 58, 74, 81

constructive 13

destructive tunneling 59

interference effects 73, 92

resonance-sharpening 90

interference pattern 53

Kondo effect 19, 72, 183

Kondo temperature 6

Landauer–Büttiker formula 117

Landau–Lifshitz–Gilbert equation

(LLG equation) 133

Larmor precession rate 40

laser 27, 28, 37, 41, 119

laser fields 48

lattice mismatch 24, 25, 165, 174

lattice period 169

LEED pattern see low-energy

electron diffraction pattern

LLG equation see
Landau–Lifshitz–Gilbert

equation

logic bits 125, 135, 136

logic chain 140

logic circuits 126, 135

logic functionality 125

logic gates 125, 136, 147

four-state 147

universal 124, 142, 143, 145,

151

logic states 126, 137

logic wires 135–137, 142

low-energy electron diffraction

pattern (LEED pattern) 158

magnetic anisotropy 156, 166,

167, 171, 173–175

step-induced 166

magnetic anisotropy energy 170

magnetic atomic chains 163

magnetic atomic wires 176

magnetic edge states 187, 192

magnetic effects 182, 188

magnetic energy 128

magnetic field 2, 3, 7, 34, 38,

47–49, 66, 72, 73, 93, 95, 127,

128, 134, 143, 165, 170, 189

applied perpendicular 81

dc 51

oscillating 47

polarized 51

static 3, 4, 124

magnetic flux 12, 15, 21, 52–55,

59–62, 66, 76, 81, 82, 91

zero 16



June 26, 2013 15:20 PSP Book - 9in x 6in Hedin˙index

204 Index

magnetic nanostructures

155–157, 171, 176, 181

magnetic percolation 166

magnetic polarization 176

magnetic properties 71, 152, 156,

157, 165, 171, 172, 176

magnetic transition metals 156

magnetic vacancy 195

magnetism 151, 183, 190–193,

195

magnetization 124, 125, 127,

130–132, 134–140, 142, 144,

148, 166, 168, 174, 175, 191

bistable 123

second multiferroic’s 140

third multiferroic’s 140

magnetization dynamics 138, 139,

141, 143–146, 149, 151

induced 134

non-equilibrium 170

magnetization flips 128, 129

magnetization motion 169

magnetization reversal 167

magnetization reversal

mechanism 170

magnetization vector 124, 125,

130, 132–134, 138, 139, 148

magnetocrystalline

anisotropy 139, 156

biaxial 147, 151

magnetostrictive layer 130, 131,

138, 147

single-domain 129

magneto-tunneling junction 133

magnet plane 134

magnets 125–132, 134, 135, 138,

140–142, 144, 146, 149

materials 17, 39, 47, 75, 104, 130,

156, 160, 171

ferromagnetic 152

graphite 189

magneto-electric 151

nanoscale 156

semiconductor 23, 105

MBE see molecular beam epitaxy

mesoscopic QD system 2

mesoscopic systems 1, 2, 16, 17,

67

micromagnets 57

molecular beam epitaxy (MBE) 24,

156

molecular wavefunctions 29, 32,

38

Moore’s law 122, 149

multiexcitons 28

multiferroic element 138

multiferroic logic 135, 136, 141,

146, 148, 151

4-state 147, 151

multiferroic materials 147

multiferroic memory 132, 135

multiferroic NAND gate 142

multiferroic nanomagnetic

memory 131, 133

multiferroic nanomagnetic

switches 129, 131

multiferroic nanomagnets 135

multiferroics 129, 136, 140, 151

multiferroic structure 130

strain-coupled 129

multi-qubit operations 24

multiterminal multi-QDs systems

4

multiterminal quantum systems

20

NAND functionality 142

NAND gate 131, 142–144, 146,

147

all-multiferroic 142, 146

universal 135

NAND gate switches 145

nanodevice 2, 76

nanodisks 181, 190, 195

hexagonal 190

metallic 189

triangular 189, 190, 195
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nanodots 155

nanoelectronic devices 2

nanoelectronics 182, 196

nanofabrication 195

nanofabrication kinetics 192

nanomagnets 123, 125–128, 131,

135, 137, 142, 144, 146–148,

151

elliptical multiferroic 137

shape-anisotropic

multiferroic 123

nanomaterials 156

nanoribbons 188, 189

nanoscale 72, 153, 171

nanostripes 156, 170, 171

nanostructures 18, 28, 157, 183,

186

individual 27

novel 156

NEGF see nonequilibrium Green’s

function

NEGF theory 16

non-Boolean logic schemes 149

nonequilibrium Green’s function

(NEGF) 4

nuclear interaction 39

nuclear spin 42, 44

nucleation 173

domain 167

random 25

optical phonon scattering 189

orbital effects 48

orbital moments 188

orbital motion 2

orbitals 48, 107, 156, 170, 183

atomic 107, 110

molecular 30, 190

orbital states 188

discrete 24

oscillations 55

coherent 68

current 60

Pauli exclusion principle 32, 47,

59, 66

Pauli spin matrix 51, 102

periodic function 13, 16

periodicity 52–54, 58, 162

phase accumulation 53

phase difference 9, 13

phase effects 19

phase factors 77, 109

phase locking effect 9

phase shift 77, 163

phase transitions 178, 180

photoelectrons 160

photoemission spectra 159

photoemission spectroscopy

159–161

photolithography 27

photoluminescence (PL) 24, 45

PL see photoluminescence

PL spectra 25, 29, 31, 32

PL spectral dispersion 28

polarization 36, 40, 41, 45, 48, 73,

90, 91, 166

linear 32

small-field 90

strong ferromagnetic 166, 175

polarization effects 41, 74, 75

polarization memory 35–37

circular 35–37

polarization peaks 89

polarization signatures 35, 41

optical 41

polarization spikes 89

polarized radiation 159

polar Kerr effect 167, 172, 174

polar Kerr hysteresis loop 165,

172

polar SMOKE measurements 165,

174

pseudospin states 31

pulsed laser techniques 41

QD array see quantum dot array



June 26, 2013 15:20 PSP Book - 9in x 6in Hedin˙index

206 Index

QD coupling coefficients 93

QD emissions 28

QD energy levels 10, 74, 75, 77,

78, 81, 83, 87, 89, 90, 92, 97

QD energy states 81, 95

QD energy values 81, 82, 85, 86

QD formation 25, 28

QD-lead coupling 73, 74, 76, 79,

81, 84, 87, 89

QDs see quantum dots

QD site energy 81

QD site energy values 74

QDs system 16

QD structure 3, 97

quantum dot array (QD array) 3, 4,

11, 12, 16, 20–22, 51

isolated 51

one-dimensional 20

side-coupled 19

quantum dot molecules 21, 42, 44

quantum dots (QDs) 1–30, 32,

34–40, 42–45, 47–58, 60, 62,

64, 66–69, 71–73, 75, 77–79,

83, 90, 92–95, 189

asymmetric 74

embedded 75–78, 85, 87, 93

n-type semiconductor 18

parallel-coupled double 7

semiconductor 23, 72

side-coupled 4, 21

sizes 78

spin-split 75

quantum dot spectroscopy 27, 29

quantum dots system 1, 2, 4, 6, 8,

10, 12, 14, 16, 18, 20, 22, 47

quantum interference 9, 11, 13,

19, 68

quantum theory 67

quantum well (QW) 18, 41,

101–104, 109, 113–115,

117–119, 157, 162

quantum wire 3, 4, 21

qubit 2, 47, 66, 183

QW see quantum well

QW states 176

Rabi frequency 55, 61, 62

Rabi oscillations 55, 66

Rashba and Dresselhaus

spin-splittings 117

Rashba SOC 102, 104

Rashba SOC parameter 102, 104,

115

Rashba spin-orbit interactions

(RSOI) 2–4, 7, 9, 11–13, 15,

16

Rashba type SOC 101, 102, 118

reflective highenergy electron

diffraction (RHEED) 164, 165

relaxation time 40, 169, 189

resonance peaks 60, 80–84, 94, 95

resonances 13, 21, 27, 62, 63, 73,

92–96

double optical 69

single-electron spin 68

spin-polarized 97

spin-split 75, 85, 93

resonance states

spin-mixed 74

spin-split 74, 101, 118

resonance tuning 74

resonant peaks 12, 75, 86,

111–116

degenerated 112

resonant phenomena 72

resonant transmission peaks 111,

112, 116, 117

RHEED see reflective highenergy

electron diffraction

RSOI see Rashba spin-orbit

interactions 186

scanning tunneling microscope

(STM) 158, 187

scanning tunneling microscopy

161, 187
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Schottky contact diode 27

Schottky diode structure 28

Schrödinger equation 76, 102

SDFT see spin-density functional

theory

semiconductors 2, 39, 102, 104

compound 105

diffusive 18

sensors 156, 176

shape anisotropy 132, 139, 140,

142, 156, 165, 173

uniaxial 124

shape anisotropy barrier 135, 146

shape anisotropy energy 138, 140

Shockley surface states 161

Si-MOSFETS 183

SOC see spin-orbit coupling

spectroscopy 187

scanning tunneling 161

spin accumulations 2, 3, 7–11,

14–16, 19

intradot 7

opposite 8, 15

spin amplifier 196

spin angular momentum

operator 107

spin block 169

spin decoherence 52, 72

spin degeneracy 73, 103

spin-density functional theory

(SDFT) 190, 191

spin-down states 3, 4, 74, 81, 88,

93, 94, 96, 97

spin dynamics 36

two-electron 58

spin electronics 177

spin-filter device 4, 19, 21

spin filtering 68, 72

spin-filtering behavior 118

efficient 101

spin-filtering effect 101, 109, 111,

113, 115, 117, 118

spin filters 3

spin Hall effect 9

spin index 4

spin lifetimes 39–41

spin logic gates 196

spin magnetism 192

spin-mixed state 83, 85, 86, 95,

97

spin-orbit coupling (SOC) 19, 72,

101, 105, 119, 188, 189

spin-orbit interaction 1, 18, 72,

166, 173, 182, 188, 189

intra-atomic 101, 105, 118

spin polarization 4, 7, 9–16, 19,

22, 73, 74, 79, 90, 91, 105,

111, 124, 129, 181, 183, 187

bipolar 89, 90

partial 91

properties 76, 93

ion transition 183

vectors 113–116, 118

currents 7–11, 16

states 73, 87, 183

spin precession 38

spin qubits 66, 72

spin relaxation 39, 40, 52, 183,

188, 189

spin reorientation 166, 173

spin resonances 74

spins 1–3, 23, 24, 30, 32, 34,

36–40, 44, 52, 53, 58, 72, 90,

102–104, 124–126, 128, 129,

185–188

bipolar 92

classical 125

coupled 41

polarized 89

quantum dot 17, 42

spin-selective excitation 37

spin singlet 32

spin sink 188

spin–spin correlations 56

spin states 4, 31, 37, 41, 44,

72–75, 86, 95, 96, 184, 188

antiparallel 63, 188

bipolar 91
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electronic 188

molecular 44

spin switches 19, 97

spin transistors 2, 72

spintronics 1, 2, 17, 71, 72, 92, 97,

102, 121, 124, 132, 155, 176,

182, 183, 192, 195

spintronic devices 17, 71, 156,

181, 195, 196

spin-up state 3, 94, 97

spin valve 196

spin waves 148

split conduction bands 108

split stripes 164

standard DFT 191, 192

STM see scanning tunneling

microscope

Stranski–Krastanow growth

mode 25

stress anisotropy 134

stress anisotropy energy 130, 132,

135, 138

superpositions 49, 52, 63

coherent 48, 63–66

eigenstate 48

surface states 17, 157, 159–163,

178

switch 122–125, 127, 129, 131,

135, 137, 140

binary 127

bistable 122, 149, 151

bistable logic 127

charge-based 123, 124

energy-efficient digital 131

hybrid spintronic/straintronic

131

nanomagnetic 131

switching 122, 124, 126–129, 131,

132, 134, 135, 146, 149–152

behavior 143

circuit 127, 128, 135

delay 132, 151

error probability 143

failure 134

mechanism 131

method 128

methodology 128

modalities 126, 127

purposes 71

TB models see tight-binding

models

theory

electron-gas 185

molecular-orbital 190

scattering 87

thermal conductivity 182

thermal fluctuations 128, 143,

151

thermal torque term 134

tight-binding models (TB

models) 190

TQDs see triple quantum dots

TQD Hamiltonian 58

transistors 99, 122–128

single-electron 126

spin-field effect 196

transistor switches 123

transmission 73–77, 79–97, 105,

117, 137

single-mode 76

spin-polarized 73, 74, 90–92

transmission curves 84, 88

transmission functions 87, 88

transmission peaks 84, 93, 112,

114, 115

transmission plots 74, 78, 79,

81–83

transmission probabilities 13,

110–113, 115–117

transmission resonance

anti-crossings 73

crossings 73

interference 89

transmission resonance peaks 75,

84, 87



June 26, 2013 15:20 PSP Book - 9in x 6in Hedin˙index

Index 209

transmission resonances 73, 75,

82, 95

Fano 81

spin-polarized 97

triple quantum dots (TQDs) 21,

47–50, 52–54, 56–60, 62–64,

66–68

closed-loop 48

linear 61, 62

tunneling 24, 31, 32, 37, 38, 40, 44,

50, 51, 54, 55, 58, 59, 63, 87

interdot 53, 62

resonant 67, 69

spin-dependent 19, 72

spin-polarized 104

tunneling amplitudes 50, 52, 57,

58

tunneling rates 51, 52, 58, 62

tunnel junctions 68

thin film 177

unit cells 106, 107, 109, 110, 157,

181, 183

two-atom 182

vacancies 181, 183, 192–195

planar 195

vacancy concentrations 183, 192,

194

valley index 185

vicinal surface 155–162, 164,

166, 168, 170, 172–176, 178,

180

vicinal surface structure 161

wavefunction 76, 114

electronic 54

periodic 77

waveguides 76

wavenumber 77, 108, 114

wavevector 103, 106, 107, 113,

116, 117, 159, 162

wavevector angle 113–116

Zeeman effects 73–75, 77, 78, 81,

84, 87, 88, 97

Zeeman energy 78, 79, 83, 85, 89,

92–96

Zeeman energy shift 74, 79

Zeeman energy values 91, 95

Zeeman splitting 51, 54, 57, 60,

62, 65, 67, 73–75, 77, 80,

82–85, 89, 90, 92–97

zero bandgap 184

zero-energy states 191

zigzag nanoribbons 195

zigzag ribbons 187, 189

Z-value 173
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