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AB-stacked bilayer graphene 74

adatoms 91, 115, 118, 122

AHE, see anomalous Hall effect 9

aluminum oxide 141–43

anomalous Hall effect (AHE) 9

antiferromagnet 18, 170

antiparallel alignments 15–16, 19,

83, 89, 168, 178, 206, 214,

221, 229, 239, 242, 245, 252,

278

antiparallel alignments of

magnetization 176, 237

AP alignment 121, 161–62,

168–70, 176, 178, 182–83,

185, 193, 239, 245–46, 250,

254, 256, 277

AP alignment of electrode

magnetizations 277

α-parameter 166, 169

AP magnetization alignments 176,

178

approach, semiclassical 59–61,

222

armchair-edge GNRs 4, 75–76, 78,

81

armchair edges 4, 75–76, 78–79,

81, 83, 85, 208

asymmetry, inversion 262, 281

atomic layers 184, 219, 234–35,

238, 266–67, 272, 276–78,

280

hydrogen 84, 99

backward scattering 38–40

band mixing, spin-dependent 232,

239, 242

band parameters 71, 77, 91, 209,

215, 244

bands, down-spin 139–40, 221,

240, 247–48, 251, 253

band shift 212, 227–28, 247–48

bcc Fe/graphene/bcc Fe

junctions 232–33, 238

bilayer graphene

dual-gated 132

suspended 75

twisted 126

bilayer graphene junction 50, 142

bilayer graphene samples 100,

142

bilayer graphene sheets 69, 71, 73

bipolar junction,

monolayer/bilayer

graphene 37

Boltzmann approach 115–16

calculations

graphene energy-state 72

graphene/metal junction 87

carbon atoms 3–5, 10, 29–30,

69–70, 77, 83, 88, 99–101,

215, 223, 236

carbon nanotubes 2–3, 110, 115,

259–60

carrier density 7–9, 61, 110, 114

charge conductance 49–50
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charged impurities 57, 112–13

chemical vapor deposition

(CVD) 4, 97, 113–14

CIMS, see current-induced

magnetization switching

CIP-GMR 164, 168–69

CMOS, see complementary

metal-oxide semiconductor

CMOS structures 12, 185

Co and Cr/Au electrodes in direct

contact 120

Co electrodes 120, 144–45

complementary metal-oxide

semiconductor (CMOS) 12,

185

conductance

calculated results of 208, 211,

214, 216, 218–19, 221,

224–27, 247, 249, 278

integrated 213–15, 251, 274,

279

resolved 178, 238, 249–51,

253–54

conductance and MR 204–5, 208,

232–33, 241, 255–56

conductance formalism 265–68

conductance quantization 111

conduction bands 72, 78, 177

conduction electron spins 124

conductivity, minimal 55–57

conductivity mismatch 139, 141,

193–94

contact distance 247, 250

contact quality 123, 142

contact region,

metal/graphene 133

contact resistance 96, 133–34,

136, 255

contacts

armchair edge 207, 235

chemical 94, 96, 243

cobalt/graphene 123

graphene/cobalt 94

graphene/Cu 97

graphene/EuO 98

graphene/ferromagnetic

insulator 134

graphene–metal 92, 232

graphene/Pd 96

graphene/Pt 94

graphene/Ti 96

metal/graphene 69, 92,

134–37, 142

metallic 95–96, 255

physical 94, 96–97, 134–35,

243

right 239, 245–46, 254–56

zigzag edge 207, 229, 232,

234–35, 252, 255

contact size 243–46, 250

contact structure 86, 91, 234

CPP-GMR 164, 167–69, 173, 187

current-induced magnetization

switching 20, 159, 186–87,

189

curved graphene 99–103

curved structure 100–101

CVD, see chemical vapor deposition

delta function 40

density

corresponding 32–33, 37

down-spin 121, 165, 252

density functional theory (DFT)

74, 118

DFT, see density functional theory

Dirac cone 6, 39–40, 44, 98,

102–3, 110, 204

Dirac dispersion 71, 94, 97, 110,

128–29, 134, 136, 269, 275

Dirac fermions 33, 49, 54, 62–63,

126

Dirac point (DP) 55–57, 91–92,

101–2, 204–7, 210–11, 217,

219–21, 223, 226, 228–30,

232–35, 238–39, 244, 246–48,

273–76
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disorder, effects of 57, 109, 115,

117, 126, 203, 205, 222–25,

227, 229, 256

disordered junctions 223–24,

227–28

disorder scattering 111, 118,

131–32, 226, 230–31

disorder strengths 57, 116–17

doped graphene 7, 116, 128, 130,

139, 206–8, 210–12, 214, 222,

242, 256

doped graphene electrode 207–8

DOS, partial 253–54

down-spin conductance

values 139

down-spin electrons 9, 88,

120–21, 176, 241, 276

down-spin states 5, 22, 83–84, 98,

165, 178, 192, 206, 214,

220–21, 233, 253–54, 276

DP, see Dirac point

DP for bilayer graphene 73

DP mechanisms 123–24

edge magnetism 11, 23, 140, 256

edge states 10–11, 22, 83–84, 88,

140–41, 235, 252

EF, values of 95

effective DP 206, 213, 232, 238,

250–51, 253–54

eigenstates 39, 44–45, 58, 65

eigenvectors 48, 51, 59, 61

elastic scatterings 39–40

electrical and spin transport in

graphene 110–27

electrical resistivity 13, 165–67

electrical transport 6–7, 96,

109–10, 115, 126, 132–34,

165, 269

electric field 8, 22, 24–25, 36–37,

89–90, 130, 191, 281

electrode magnetizations 237,

275, 277

electrode materials 234, 247,

255–56

electrodes

cobalt 119, 142–43, 145

gate 12, 47

left 22, 272, 278

metallic 174, 206

nickel-iron 143

orbital 127–28

realistic 205, 232

spin-polarized 214

square-lattice 128–29

transparent 11, 261

electrode spin bands 140

electrode tunnel 176

electron charge 13–14, 22, 165

electron density 6, 60, 191

electron–electron interactions

111, 126

electron–hole puddles 57, 117

electron hopping 179, 280

electronic states 5, 10–11, 29–31,

69–70, 97–98, 127–29,

134–35, 179, 182–83, 204–6,

222–23, 232–34, 238, 243–44,

253–54

electronic states of bilayer

graphene 34–37

electronic structure

calculations 69, 72, 75

electronic structure graphene/EuO

contacts 98

electronic structure of edge

states 141

electronic structures, realistic 23,

181

electron momentum 5, 167, 231,

281

electrons

carrier 113, 160, 213

charge and spin degrees of

freedom of 1, 14

conduction 7, 24, 124, 138, 191,

282
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incident 55, 184

injected 119, 194

spinless 41

up-spin 120–21, 192

electron scattering 7, 113–15,

118, 167–68

effects of 184, 231

electrons drift 8

down-spin 9

electrons/holes 61–62

electron spin relaxation types 124

electron systems 58, 61

electron transport 53, 116, 135,

184

electron tunneling 175, 180, 238,

251, 274

electron wave function 273

energy band gap 72, 74–76,

82–84, 88, 100, 183, 261

energy band shift 226–28, 238

energy bands of bilayer graphene

35

energy consumption 12–13, 159

energy dependence 119

energy dispersions, linear 5–6

energy eigenvalues 5, 51, 59

energy gap 6, 11, 36, 63–64,

72–74, 76, 82, 91, 98, 100,

117, 129, 131–32, 213, 274

energy–momentum relation,

linear 110

energy states 6, 77, 89, 210, 229,

231

evanescent modes 51, 129–30

exchange bias 260–62

exchange coupling 16, 157–58,

160, 163

interlayer 16, 162–63

exchange splitting 165, 214, 220,

223, 238

external magnetic field 8, 14–18,

22, 111, 158, 160–61, 164,

170–72, 174, 180–81, 196,

274, 279

Fano factor 50, 55–56, 111

Fe

down-spin states of 178, 192

spin polarization of 177

spin states of 177

Fe/Cr multilayers 13–15, 160–63,

167

Fe/GaAs/Fe junctions 192,

195–96

Fe/G/Fe junctions 238–39

Fe/graphene/bcc Fe junctions 23

Fe/graphene/Fe junctions 242

Fe layers, magnetizations on

neighboring 15–16

Fe magnetization 162, 239

Fe/MgO/Fe junctions 177, 183

Fe/MgO/Fe tunnel junctions 174,

178, 192

Fermi energy of graphene

overlayer structures 94

Fermi level 5–6, 22, 25, 71, 165,

179, 184, 204, 220, 222–23,

226, 230, 237

Fermi surface 7, 39–40, 182–84

Fermi wavelength 47, 158,

211–12

ferromagnetic disordered GNR

junction 228

ferromagnetic electrode

disordered 179

realistic 23, 140

ferromagnetic junction,

two-terminal graphene 143

ferromagnetic layer 17–18, 160,

169, 171, 185

ferromagnetic metal electrode

23

ferromagnetic metal (FM) 13,

120–21, 139–40, 159–60, 165,

172, 175, 182, 186–87,

190–91, 193–95, 204, 228,

246, 262

ferromagnetic trilayer 17–18
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ferromagnetic tunnel junction

(FTJ) 13, 16, 19, 25, 157–59,

172–73, 176–77, 179–80, 185,

188

ferromagnetism, appearance

of 88–90

FET, see field-effect transistor

FET structure 22, 130

field-effect transistor (FET) 3, 12,

46, 50, 109, 111, 114, 127,

129–35, 137, 147, 159, 191,

204, 261–62

films, thin 13–14, 158, 234, 238

first-principles calculations 22,

73, 83, 88, 90, 97, 113, 117,

135, 140, 166, 192, 232, 243,

246

first-principles method 25, 69,

72, 74–76, 82–84, 91, 93, 98,

100, 112, 117, 127, 135,

177–78

FM, see ferromagnetic metal

FM and graphene contact 138

FM electrode 193, 205, 223, 231,

236, 242, 246, 248

FM/G/FM junction 205, 231–34,

239, 247, 255–56

FM/GNR/FM junction 230–32

FM/graphene/FM junction, 139,

143, 205

FM/SC/FM junction 193–94

FM/semiconductor/FM

junction 138, 192–93

FTJ, see ferromagnetic tunnel

junction

giant magnetoresistance 15, 158,

160–61, 163, 165, 167, 169,

171, 196, 204, 277

Gilbert damping factor 189–90

GMR 1, 13–15, 17, 20–21, 23,

157–62, 164, 168–71, 173,

204, 259–61, 277

discovery of 13, 18, 158, 160,

171–72, 260

mechanism of 165, 167–69

GMR and TMR 14, 18, 23, 203–4

GNR 4, 22, 69, 75, 77, 80, 82–86,

89, 100, 109–11, 117–18, 140,

148, 223, 227–30

hydrogen-passivated 83

long 224

width and length of 228, 230

GNR zigzag edge 83, 88

graphene

double-layer 234, 242

electron-doped 247

interface of 207–8

metal insulator 6

metallic 132

monolayer and bilayer 29, 37, 52

multilayer 122

π -band in 29, 31, 33

two-terminal 205, 231

undoped 129, 210, 222

widths of 86–87

graphene application 11, 146,

262–63

graphene/Au 96

graphene band 87–88, 227

graphene bipolar junction 47, 55

graphene channel 134

graphene device 11, 92–93, 115

graphene dispersion 94

graphene electrode 128

graphene Fermi energy 133

graphene ferromagnetic

junction 23, 145

graphene FET 115, 131–34,

137–38, 146, 232

graphene field-effect

transistor 46, 109

graphene in spintronics 1, 29, 69,

109, 157, 203, 259, 261

graphene junction

artificial 206

bipolar 47
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bipolar monolayer 48

doped 214

ferromagnetic 220

finite size 223

finite-size 213, 216

four-terminal ferromagnetic 22

long 136, 224

n-doped 225

overlayer 215

realization of 262

short 136

simple 238

undoped 213, 226

graphene lattice 5, 215

graphene layer 91, 112, 133, 217,

235–37, 245

graphene length

function of 210–12, 214, 216,

221, 224–25, 239, 242

increasing 212–13, 224

graphene magnetoresistive

junction 23, 138

graphene/metal contact,

realistic 242

graphene nanoribbon

armchair 77, 79

zigzag-edge 89–90

graphene overlayer structure 94

graphene plane 122, 124

graphene sample 90, 122–23, 126,

128

graphene sheet application,

interesting 127

graphene sheet resistance 11, 137

graphene sheet

electronic structure of 5, 72, 92

fabrication technique

of 261–62

ideal 113, 128

infinite 7, 222

lower 72–73

single 3, 8, 73, 93, 131

single-layer 22, 69–70, 115,

136, 146

graphene spacer 204, 262

graphene spin transport 91

graphene spin valve 109

graphene state 241

graphene structure 100, 131

graphene/triangular-lattice

junction 216–18

graphene wave function 94

Green’s functions 119, 222, 224,

265, 267–68, 270–71

local 267, 271

nonlocal 267, 271

half-integer quantized Hall effect

58–59, 61

half-metallic-like state 229, 231,

275–77, 280

half-quantized Hall conductance

61–62

Hall bar 59–60

Hall conductance, quantization of

spin 65

Hall conductance in graphene

61–62

Hall effect 8–10, 109, 124–25

hard disc drive (HDD) 13, 19, 158,

171

HDD, see hard disc drive

HEMT, see high-electron-mobility

transistor

Heusler alloy 25, 179–80

high-electron-mobility transistor

(HEMT) 8, 114

high MR ratio 24–25, 159, 177,

179, 192, 194, 205, 233–34,

247, 255–56

high-resolution transmission

electron microscopy (HRTEM)

73

honeycomb lattice 5, 29–30,

41–42, 53, 63, 73, 87

hopping, nearest-neighbor 31, 237
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hopping integral 70–71, 206,

208–9, 218, 237, 239, 243

hopping matrix 101, 266, 268

hopping parameter 210, 237, 240,

244

HRTEM, see high-resolution

transmission electron

microscopy

hydrogen-passivated graphene

nanoribbon 82, 85

impurity concentration 226–29,

248

function of 225, 230

impurity-doped graphene

junction 227

impurity state 117–18, 166

increasing impurity

concentration 229–31

indium titanium oxide (ITO) 11

injected spin, imaging of 195–96

insulating barrier 16, 129, 159,

172–75, 181–82, 194

insulator contact 91, 93, 95, 97

interaction, spin–orbit 9, 65, 100,

191, 195

interface resistance 194

interface, half-metallic-like

279–80

interlayer distance 36–37, 136,

243, 246, 255

ITO, see indium titanium oxide

junction contact 206, 213, 232–33,

235–36

junction design 205, 232

junction

alloy 233, 250, 253, 255–56

bcc Fe/G/bcc Fe 242, 249–50

bcc-Fe/graphene/bcc-Fe 235

clean 228–31, 255

conductance of 207, 227

fcc Ni/graphene 256

graphene/metal 24

metal/graphene/metal

69, 109, 134, 204

multilayer graphene/Co 144

realistic ferromagnets/

graphene 231

square lattice/graphene 53

symmetric 237, 276

triangular/graphene 215

well-behaved MR effect

Co/graphene/Co 205

junction structure

basic 18–19

metal/graphene 85

junction width 85, 234

Kubo formula 57, 170, 206, 237,

265

Landau level 8, 58, 59, 61, 125

large MR 140–41, 205, 238, 241,

256, 280

large MR effects 13, 22–24, 140,

214, 219–21, 223, 238, 280

lateral junction 23, 208–9,

234–35, 269, 271

lattice structure of bilayer

graphene 74

lattice structure 2, 78–79, 98–99,

128, 171, 204–5, 209, 215,

218, 269

layer plane 15–16, 162, 164, 167,

173, 182, 184

local density 80–81, 84, 236, 270

magnesium oxide barrier 143

magnetic electrode 203

magnetic field

applied 161, 172, 187

effective 19, 185, 189, 269, 282
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function of external 174, 196,

279

increasing 15–16, 161

magnetic layer 14, 16, 158,

160–63, 168, 170

magnetic moment 83, 90, 164

magnetic multilayer 1, 15, 18, 158,

160, 162, 164, 168–69, 190,

205, 259–60

magnetic semiconductor 259–60

magnetic sensor 13–14, 19,

157–59, 171, 260

magnetic tunnel junction 144, 205

magnetization

coupling of 162

current-induced 185–86

magnetization alignment 16, 18,

21, 143–44, 168, 170, 172,

176, 193–94, 220, 224, 241,

274, 277, 279–80

magnetization curve 160–61

magnetization direction 13, 120,

159–60, 163, 170, 180,

185–87, 189

magnetization dynamics 189–90

magnetization rotation 191

magnetoresistance (MR) 13-14,

206–7, 209, 211, 213, 215,

217, 219, 221

magnetoresistive graphene

junction 203–4, 206, 208,

210, 212, 214, 216, 218, 220,

222, 224, 226, 228, 230, 232

magnetoresistive random access

memory (MRAM) 14, 19, 21,

159, 184–86, 261

magnetoresistive sensor 13

measurements, performed

nonlocal spin valve 122–23

metal and insulator contact 91, 93,

95, 97

metal contact 86–87

metal/graphene junction 53, 56,

85

metal–insulator transition 56, 58,

117

metal intercalation 97–98

metallic ferromagnet 25, 179

metal-oxide semiconductor (MOS)

191

metals

normal 9, 125, 159

paramagnetic 190

method of spin transfer

torque 261

MgO barrier 18, 172–73

MgO layer 145, 159, 178

minority spin band 221, 230

minority spin electron 176

minority spin state 83–84, 93–94,

176, 230

model

free-electron 6, 182

two-current 165, 168

model calculation 127–28, 203,

206

model junction 139, 205, 207

mode-matching/mode-

mismatching mechanism 229,

231, 238

modern electronics 2, 11, 130

modern electronics and

spintronics 11, 13, 15, 17, 19,

21

molecular beam epitaxy (MBE)

166, 260

momentum, calculated results

of 178

momentum-resolved conductance

207–8, 210, 212–17, 239, 252,

270, 273, 278–80

momentum space 36, 229, 231,

269, 282

momentum state 70, 129, 139,

231, 241

monolayer graphene 34–35, 37,

50, 97

independent 34
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monolayer graphene junction 48

MOS, see metal-oxide

semiconductor

MR, see magnetoresistance

mechanism of 24, 249

MRAM, see magnetoresistive

random access memory

MR effect 23, 24, 205

MR ratio 180, 205, 223, 230

calculated 241, 243, 245,

248–49

large 18, 140, 177, 183, 231,

239, 245–46

multilayer graphene sample 120

NHE, see normal Hall effect

NiFe/graphene/NiFe junction 144

Ni/graphene contact 137

Ni/graphene/Ni junction 233,

247, 249–50

NM/graphene/NM junction 127

NM, see nonmagnetic metal

nonlocal measurement 8, 22,

119–20, 123, 142, 195–96,

231

nonmagnetic electrode 21, 203,

226, 272–73

nonmagnetic layer 16, 158, 160,

163, 169

nonmagnetic layer thickness 16,

162–63

nonmagnetic metal/graphene/

nonmagnetic metal junction

127

nonmagnetic metal (NM) 8–9, 17,

20, 23, 121, 161, 164, 190–91,

204, 231

nonmagnetic spacer 23, 204, 269,

278, 280

nonvolatile memories 14, 19–20,

185

normal Hall effect (NHE) 8–9

novel graphene device 22, 146–47

observed MR ratio 139, 172–73,

177, 255

on/off ratio, large 130, 132–33,

138

organic material 2, 204

oscillation of exchange coupling

158

oscillation period 16, 163,

211–12, 241–42, 279

overlapping integral 236, 243, 255

overlapping region 87–88,

216–17, 233, 255

overlayer junction 208–9, 211

overlayer structure 93

parallel and antiparallel

alignments of magnetization

237

parallel and antiparallel

alignments of magnetization

in graphene junctions 237

parameter values 70, 209, 246,

250, 278

Pd contacts 96, 132

periodicity, threefold 79, 83, 224

perturbation 37, 60, 270

physics

fundamental 126, 157

low-energy 32, 72

solid-state 157

potential difference, chemical 121

propagating mode 51, 130, 140

pseudo spin 40, 49, 52–53, 262

pseudo time reversal 39–40

q-Hall effect 125–26

QHE, see quantum Hall effect

quantum Hall effect (QHE) 7–9,

58–60, 62, 64, 66, 114, 125

quantum spin Hall effect 64–65
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RAM, see random access memory

random access memory (RAM) 12,

19, 157, 159, 184–85, 261

Rashba-type Hamiltonian 269,

280

Rashba-type hopping 269,

276–77, 280

realistic graphene junction 231,

233, 235, 237, 239, 241, 243,

245, 247, 249, 251, 253, 255,

280

reciprocal space 30, 64

reflection probability 53, 55

region of constriction 23

relaxation time 6–7, 24–25

resistance change 16, 142, 144

resistivity, spin-dependent 166,

169

resistivity change 13–15, 161–62,

170, 172, 174, 187

resonant state 77–82, 88, 117

ribbon, finite-size graphene 222

right electrode 17, 21–22, 174,

176, 179, 187, 209, 215, 221,

227–28, 270, 272, 274, 277,

280

ripples and curved graphene 99,

101

RKKY interaction 163

room temperature (RT) 7, 10,

113–14, 116, 119, 123, 143,

172–73, 190, 256, 259

rotation, twofold 41, 44

roughness, effect of 231–32, 234,

247–49

RT, see room temperature

s-bands, exchange-split electrode

139

scanning electron microscopy 3,

144

scattering mechanism 113, 123

scattering wave function 48, 51,

54

SC layers 194

semiconductor technology 11,

13–14, 147

sensors, graphene magnetic field

146

shaded regions 228–29

sheet

electrodes and graphene 208,

235

single 3–4

shift, spin-dependent 205, 232,

242

silicon carbide 97, 113, 118

single-layer graphene 1, 72, 88,

97, 123, 131, 146

SL electrode 208, 215, 217, 223,

232, 234, 238

spacer, hole-doped 278–80

spacer material 204

spin

atom 207–8

real 38–39

spin accumulation 119, 121, 138

spin accumulation decays 119–20

spin angular momentum 146,

186–90

spin bands 139, 183

spin channels 169–70

spin conductance 239

spin density 89, 120–21, 124

spin dependence 89, 165–67, 181,

183, 214, 239, 251, 253

spin-dependent conductance 117,

206, 246, 251

spin-dependent electronic

structure 244

spin-dependent resistivity 165

spin detection 21, 138, 192, 194

spin electronics 196

spin FET 11, 20–21, 157–59,

191–93, 195, 261–62

spin Hall conductance 65
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spin Hall effect 9, 126, 157

spin–orbit interaction 9–10,

64–66, 100, 103, 119, 165,

186, 194, 260, 262, 281

strong 65, 269

spin polarization 10, 22, 25, 83,

88–89, 119, 139, 176, 179,

187–88, 193, 195–96

negative 196, 230

spin pumping 146, 189, 191

spin relaxation 90, 121, 123–24,

139

contact-induced 123, 143

spin relaxation mechanism 121,

123

spin relaxation time 142–43

spin splitting 98, 238

spin state 25, 84, 89, 167–68,

179–80, 182, 190–91, 206,

223, 233, 243, 276–77, 280

spin transfer torque (STT) 20–21,

157, 159, 186–89, 191,

260–62

spin transport 90, 109–26, 128,

130, 132, 134, 136, 138–40,

142, 144, 146, 261

spintronics applications 11, 203,

260–62

spintronics MR device 157–58,

160, 162, 164, 166, 168, 170,

172, 174, 176, 178, 180, 182,

184, 186

spin valve effect 143–44, 146

spin valve structure 13, 18–19,

146, 157, 171, 174

square-lattice/graphene/square-

lattice junction 208–9, 212

state

antibonding 87, 253

characteristic electronic 23

conductive 219, 239, 241–42

half-metallic 22, 89, 141

interfacial 183–84

left-going 39–40

low-energy electronic 32–33

majority and minority spin 83,

94, 176

majority spin 93, 176, 206, 230,

233

obtained electronic 86

opposite spin 180, 276–77, 280

peculiar electronic 32, 34

simple electronic 140

spin-dependent electronic 165

time reversal 38–39

up-spin 83, 233, 276

zero-energy 37, 61

STT, see spin transfer torque

sublattice pseudo spin 39

suspended graphene 131, 142
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“Graphene is a material gaining enormous attention, particularly since the 2010 Nobel 
Prize in Physics. Since the number of studies on spin-dependent transport phenomena in 
graphene is growing rapidly, it has been difficult to prepare a comprehensive textbook on the 
various aspects of graphene. This book is the first publication explaining various issues of 
spin transport in graphene in detail, from both basic and technical points of view, and gives 
us a theoretical background for understanding spintronics behaviors in graphene. It also 
presents concise surveys of spintronics research on various material systems, in addition 
to graphene studies, and therefore will serve nonspecialists as an introductory guide on all 
aspects of spintronics.”

Teruya Shinjo
Emeritus Professor, Kyoto University, Japan

The discovery and fabrication of new materials have opened the gate for new research 
fields in science and technology. The novel method of fabricating graphene, a purely 2D 
carbon lattice, and the discovery of the phenomenon of giant magnetoresistance (GMR) 
in magnetic multilayers are not exceptions. The latter has brought about the creation of 
the new technological field of spintronics, which utilizes both spin and charge degrees of 
freedom of electrons. As for the former, many applications have been proposed; however, 
no practical devices have yet been developed in the field of spintronics. The aim of this 
book is to provide possible hints to overcome the difficulties in graphene applications 
in the field of spintronics by comparing the physical properties of graphene and 
magnetoresistive (MR) phenomena in spintronics. The book will be useful for advanced 
undergraduate students and graduate students of physics, chemistry, and materials 
science and young researchers in nanotechnology and the field of spintronics. 
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