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7 band, 4, 6, 98 attenuation constant
n bond, 1 of graphene TE mode, 196
w electron, 1, 99 average momentum relaxation time, 108, 178
7" band, 4, 6, 98 axis
o band, 6, 98 extraordinary, 74
o bond, 1 ordinary, 74
o electron, 99 principal, 28, 29, 72, 74, 150
o band, 6, 98
AA stacking, 21, 63, 95 backward scattering, 34, 36, 142
AB stacking, 15, 62, 92, 141 band
ABC stacking, 23 conduction, 6, 70, 78, 92
absorbance Dirac, 19, 20, 21
of monolayer graphene, 103, 107, 244 massive, 20, 62
of multilayer graphene, 105, 245 massless, 20, 21, 62, 63
of N-layer graphene, 244 valence, 6, 70, 78, 92
absorption m, 4, 6,98
interband, 76, 78, 82, 107 n’, 4,6,98
intraband, 76, 78 G, 6,98
nonsaturable, 245 G*, 6, 98
optical, 76 band structure
acoustic oscillation frequency, 40 of AA-stacked graphene, 22
acoustic phonon, 33, 39 of ABC-stacked graphene, 25
longitudinal, 40 of AB-stacked graphene, 16
transverse, 40 of graphene, 3
acoustic phonon scattering, 33, 39, 59 of graphite, 20
acoustic phonon scattering rate, 40 Bernal stacking, 15
acoustic plasmon mode, 218 bilayer graphene, 233
acoustic SP mode. See acoustic surface plasmon AA-stacked, 22, 95
mode AB-stacked, 19, 62, 92, 141, 143
acoustic surface plasmon mode, 208 misoriented, 23
AFM. See atomic-force microscopy bistability, 157
Ampere’s equation, 68, 73, 115 Bloch function, 3
amplitude modulation, 230 bolometric effect, 226
amplitude modulator Boltzmann transport equation, 27, 30, 153
graphene-based, 231 bond
antenna, 229 Cc-C, 1
antibonding, 8 m, 1
aperture SNOM, 212 o, 1
apertureless SNOM, 212 bonding, 8
a-SNOM. See apertureless SNOM Born approximation
atomic-force microscopy, 212 first-order, 39
attenuation self-consistent, 39
of graphene SP mode, 189, 192 Bose—Einstein statistics, 40
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bound charge, 67, 114, 151, 178 current
bound electron, 70, 71, 74, 76, 100, 114, 115, 151, conduction, 67, 114
183, 185 displacement, 67, 114
Bravais lattice, 3 external, 67
Bravais sublattice, 3 induced, 67
Brillouin zone, 2, 6, 11 polarization, 67, 114
reduced, 20 current density, 28, 66, 71, 183
electron, 31
canonical momentum, 79 hole, 32
carbon atom, 1 induced, 113, 114, 121
carrier concentration, 10, 13 linear, 148
carrier density, 54, 122, 243 nonlinear, 148
carrier-density operator, 122 optical, 75
cavity mode, 236, 242 surface, 28, 75, 88, 116, 149, 151, 183
centrosymmetric, 151, 162 volume, 183
charge cutoff frequency, 218
bound, 67, 114, 151, 178 cyclotron effective mass, 14
conduction, 67, 148
free, 114 DC conductivity, 108
charge carrier, 67 Debye layer, 55
charge density, 66 Debye length, 55
induced, 112, 114, 121, 123 defect scattering, 38
surface, 116, 118, 123 defect scattering rate, 38
charged-impurity scattering, 36 deformation potential, 40
charged-impurity scattering rate, 37 deformation potential energy, 40
chemical potential, 6, 11, 12, 78, 224, 231, 239, density function theory, 98
242,243 density matrix, 80, 85, 87, 88, 120, 124,
effective, 95 159, 162
complex field, 68 in the interaction picture, 87, 160
conductance in perturbation expansion, 160
sheet, 30 time evolution of, 87, 122, 160
specific, 30 density of defects, 39
surface, 30 density of states, 10
conduction band, 6, 70, 78, 92 of AB-stacked bilayer graphene, 141
conduction charge, 67, 148 dielectric function, 133
conduction current, 67, 114 Dirac band, 20, 21
conductivity, 28, 30 Dirac cone, 7, 20, 23, 27, 62, 63, 95, 152
DC, 108 Dirac cone approximation, 100
linear, 148 Dirac delta function, 83
nonlinear, 145, 148 Dirac electron, 7
optical, 71, 76, 80, 113, 243 Dirac equation
second-order, 150 massless, 7
sheet, 29 relativistic, 6, 14
surface, 28, 32, 62, 64, 107, 112, Dirac fermion, ix, 14
149, 183 Dirac point, 6, 11, 12, 14, 15, 23, 34, 39, 100,
third-order, 150 126, 227
conductivity tensor, 68 dispersion
continuity equation, 66 of acoustic plasmon mode, 218
convolution integral, 70, 145 of coupled SP—phonon modes, 199
convolution relation, 148 of graphene SP mode, 189
Coulomb gauge, 79 of graphene SP-SO coupled mode, 198
Coulomb interaction of graphene surface plasmon mode, 186, 188, 190,
bare, 119, 120 192, 202
screened, 120 of graphene surface plasmon on a metallic
Coulomb potential, 35 substrate, 203, 204
critical angle, 211 of graphene surface plasmon polariton mode, 186,
crystal symmetry, 150 191, 209
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of optical plasmon mode, 218
of surface plasmon polariton mode, 182
of transverse electric mode, 195
of uncoupled SP mode, 199
of volume plasmon polariton mode, 181
dispersion curve
of coupled graphene SP modes, 209
of decoupled graphene SP modes, 207, 209
of FP mode, 240
of graphene SP mode, 186, 192
of graphene SPP mode, 185, 186, 188, 240, 242
of photon, 181
of polariton, 42
of spoof SPP mode, 240
of SPP mode, 182
of volume plasmon, 181
of volume plasmon polariton, 181
RPA, 192
semiclassical, 192
dispersion map, 240
displacement current, 67, 114
drift mobility, 57
drift velocity, 57
Drude conductivity, 156, 188
Drude model, 107, 108, 178, 186, 203
Drude surface conductivity, 189
Drude surface optical conductivity, 109

EDF. See erbium-doped fiber
effective mass, 14, 62, 179
cyclotron, 14
zero, 14
effective optical conductivity, 116
effective permittivity, 218
effective relaxation time, 32, 108
effective rest mass, 14
effective scattering rate, 64
effective-index method, 218
eigenenergy, 4, 6, 18, 20
eigenenergy equation, 4
eigenvalue equation, 17, 22, 185
of graphene SP-SO coupled mode, 198
of graphene surface plasmon polariton mode, 185,
189
of graphene TE mode, 194, 195
of surface optical phonon mode, 42
of surface plasmon modes of two graphene sheets,
204, 205, 206
elastic scattering, 34, 49
elastic scattering rate, 49
electric conductivity
surface, 74
electric displacement, 66
electric field, 66
electric permittivity, 117
electric polarization, 71
surface, 116

Index 253

electric potential energy, 113
electric susceptibility, 71
surface, 116

electric dipole approximation, 151, 164
electric dipole interaction, 150, 162, 164
electric quadrupole interaction, 151, 164

electron

bound, 70, 71, 74, 100, 114, 115, 151, 183, 185

Dirac, 7
free, 70, 74, 76, 115, 151, 179
w, 1,99
o, 99
electron current density, 31
electron density, 11, 53, 123
surface, 116
electron mobility, 52, 57
of graphene, 52, 53
electron—electron interaction, 120
electron—hole pair, 221, 228

electron—hole recombination rate, 111
electron—phonon coupling parameter, 44

electrostatic doping, 217, 239
electrostatic gating, 233, 235
electrostatic limit, 118
energy

interlayer interaction, 15, 21, 25, 92, 94, 141

intralayer interaction, 15, 21
nearest-neighbor hopping, 4
self-interaction, 4, 6
energy conservation, 83, 103
energy—momentum relation, 14
near a Dirac point, 7
relativistic, 14

EQE, 224, See external quantum efficiency

erbium-doped fiber, 247
external quantum efficiency, 221
extraordinary axis, 74

extraordinary optical transmission, 242

extraordinary permittivity, 74
extraordinary refractive index, 74
extrinsic scattering mechanism, 33

Fabry—Pérot cavity, 18, 103
Fabry—Pérot mode, 238
Fermi energy, 11, 49, 55, 110
Fermi level, 6, 11, 12

Fermi velocity, 7, 14, 77, 181

Fermi’s golden rule, 34, 39, 80, 81, 90

Fermi—Dirac distribution, 11, 12

at thermal equilibrium, 31, 153, 161

fiber tip, 212

fine-structure constant, 105
first-order Born approximation, 39
flexural phonon, 54

forbidden transition, 94

form factor, 36, 122

forward scattering, 34
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Fourier-transform relation, 69

four-probe technique, 56, 60

fourth-order tensor, 150

four-wave mixing, 168, 176

FP cavity, 238, See Fabry—Pérot cavity

FP mode, 240, 242, See Fabry—Pérot mode
free charge, 114, 151

free charge carrier, 178

free electron, 70, 74, 76, 115, 151, 179
fundamental mode, 208, 214, 218

graphene
bilayer, 19, 22, 23, 62, 92, 95, 141,
143,233
intrinsic, 6, 29, 92, 125
monolayer, 1,9, 15, 16, 28, 71, 76, 84, 101, 105,
111, 143, 150, 151, 194, 204
multilayer, 15, 23, 61, 63, 76, 100
single-layer, 1
trilayer, 20, 22, 63
undeformed, 29, 72
graphene nanoribbon waveguide, 216
graphene optical modulator, 231
fiber-based, 234
graphene photodetector, 228
graphene plasmonic waveguide, 218
graphene ribbon, 213
graphene saturable absorber, 246
graphene SP mode, 201, See graphene surface
plasmon mode
attenuation of, 189, 192
characteristics of, 186, 188
detection of, 212
dispersion of, 186, 188, 190, 203, 204
excitation of, 211, 214, 229
loss of, 193
graphene SPP mode, 185, 189, 216, 239, 240, 242
characteristics of, 185
dispersion of, 186, 191, 209
excitation of, 209, 210, 238, 242
group velocity of, 211
resonance frequency of, 239
graphene surface plasmon, 201
graphene surface plasmon mode, 188, 201
graphene surface plasmon polariton, 216
graphene terahertz modulator, 235
graphene transistor, 228
graphene waveguide, 216
graphene—metamaterial structure, 242
grating structure, 214
group velocity, 14
of carrier in graphene, 14
of graphene SPP mode, 211

H point, 20
Hall bar device, 57

Hall coefficient, 57

Hall mobility, 57

Hamilton’s equations, 79

Hamiltonian, 3
of AA-stacked multilayer gaphene, 21
of ABC-stacked multilayer gaphene, 24
of AB-stacked multilayer gaphene, 17
in an electromagnetic field, 79
interaction, 80, 81, 86, 87, 120, 121, 162
near the K point, 7
perturbation, 121, 159

Hamiltonian operator
in an electromagnetic field, 80, 81

harmonic field, 68

Heaviside step function, 11, 84, 128, 138

helicity operator, 9

hexagonal symmetry, 150

high-order mode, 218

high-k material, 47

hole current density, 32

hole density, 11

hole mobility, 52, 57
of graphene, 52

honeycomb lattice, 1, 3

impedance
of free space, 244
impurity scattering, 35, 49
impurity scattering rate, 37
incident power, 221
induced charge density, 112, 114, 121, 123
induced current density, 113, 114, 121
induced polarization density, 113
induced scalar potential, 118
inelastic scattering, 34, 49
in-scattering rate, 47
interaction energy
interlayer, 15, 21, 25, 92, 94, 141
intralayer, 15, 21
self-, 4, 6
interaction Hamiltonian, 80, 81, 86, 87, 120, 121, 162
interaction picture, 86, 160
interband absorption, 76, 78, 82, 107
interband scattering, 33, 192, 193
interband scattering rate, 111
interband scattering region, 191, 207
interband transition, 77, 78, 92, 125, 159, 171,
175, 231
interdigitated electrodes, 223
interlayer interaction energy, 15, 21, 25, 92, 141
internal quantum efficiency, 221
intervalley scattering, 34
intraband absorption, 76, 78
intraband scattering, 33, 34, 36
intraband scattering rate, 111
intraband scattering region, 191, 207
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intraband transition, 78, 107, 125, 159
intralayer interaction energy, 15, 21

intravalley scattering, 34

intrinsic graphene, 6, 29, 92, 125

intrinsic mobility, 54

intrinsic permutation operator, 167

intrinsic permutation symmetry, 167, 171
intrinsic scattering mechanism, 33

IQE, 223, 224, See internal quantum efficiency

K point. See Dirac point

kinetic momentum, 79
Kramers—Kronig relation, 84, 92, 128
Kretschmann configuration, 210
Kronecker delta function, 2, 83

Landau damping, 133, 139

lattice constant, 1

linear conductivity, 148

linear current density, 148

linear optical conductivity, 162

linear surface conductivity, 149, 151
linear surface susceptibility, 149, 151
linear susceptibility, 146

Liouville-von Neumann equation, 87, 160
lithium perchlorate, 55

LO phonon. See longitudinal optical phonon
longitudinal acoustic phonon, 40
longitudinal mode, 179

longitudinal optical phonon, 42
longitudinal optical phonon frequency, 42
longitudinal oscillation frequency, 179
long-range scattering, 58

Lorentz force, 57, 80

Lorentzian function, 94

magnetic field, 66
magnetic induction, 66
magnetic dipole interaction, 151, 164
magnetization, 66
massive band, 20, 62
massless band, 20, 21, 62, 63
massless Dirac band, 20, 21
massless Dirac fermion, 14
Maxwell’s equations, 66, 179
mechanical exfoliation, 60
metal SP mode, 201
metal SPP mode, 201, 242
metallic grating, 243
metamaterial, 236
metamaterial structure, 237
microfiber, 233, 234
midgap state, 39
misorientation, 23
mobility, 32, 33, 53, 56, 57, 59, 229

drift, 57

electron, 52, 57

Index

of graphene, 53, 58, 233

Hall, 57

hole, 52, 57

intrinsic, 54

of suspended graphene, 53

ultrahigh, 58, 59
mode-locked fiber laser, 246
mode-locked laser, 246

255

modulation depth, 231, 234, 235, 238, 239, 243, 245

momentum conservation, 83
momentum relaxation time, 34, 108
average, 108, 178

monolayer graphene, 1,9, 15, 16, 28, 71, 76, 84, 101,

105, 111, 143, 150, 151, 194, 204
absorbance of, 103, 107, 244
reflectance of, 103
thickness of, 47, 71, 101, 175
transmittance of, 103, 105

multilayer graphene, 15, 23, 61, 76, 91, 100

AA-stacked, 21, 63
ABC-stacked, 23
absorbance of, 105, 245
AB-stacked, 15, 62
misoriented, 23
reflectance of, 105
transmittance of, 105

nearest-neighbor hopping energy, 4
nearest-neighbor interaction, 15, 18

near-field scanning optical microscopy, 211

neutrality point, 58
nonlinear conductivity, 145, 148
second-order, 148, 150
third-order, 148, 150, 165
nonlinear current density, 148
nonlinear optical conductivity
second-order, 162
third-order, 162
nonlinear optical polarization, 145
nonlinear optical response, 145
nonlinear refractive index, 176
nonlinear surface conductivity
third-harmonic, 168
third-order parametric, 171
nonlinear surface current
third-order, 168
nonlinear surface current density, 162
second-order, 162
third-order, 164

nonlinear surface optical conductivity, 152

nonlinear surface susceptibility, 152
third-order, 175

nonlinear susceptibility, 145
second-order, 146, 150
third-order, 146, 150

nonlocal response, 189

nonresonant transition, 170
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nonretarded region, 183
nonsaturable absorption, 245

optical absorption, 76
optical bistability, 157
optical conductivity, 71, 76, 80, 113, 243
of AB-stacked graphene, 92
effective, 116
linear, 162
of multilayer graphene, 91
nonlinear, 162
nth-order, 151
surface, 74, 83, 89, 109, 116, 137, 151
optical current density
surface, 75
optical excitation, 67
optical Kerr effect, 168, 173, 176
optical modulator, 230
graphene-based, 233
ideal, 232
optical nonlinearity, 152
second-order, 162
third-order, 164, 171
optical phonon, 33
intrinsic, 48
longitudinal, 42
surface, 42, 197
transverse, 42, 197
optical phonon frequency
longitudinal, 42
transverse, 42
optical phonon scattering, 33, 41
extrinsic, 41, 42
intrinsic, 41, 48
optical plasmon mode, 218
optical polarization
linear, 145
nonlinear, 145
optical saturation, 168
optical SP mode. See optical surface plasmon mode
optical susceptibility, 71
nth-order, 151
surface, 73, 98, 151
optical-field-induced birefringence, 173
orbitals
atomic, 1
of graphene, 1
of graphite, 1
ordinary axis, 74
ordinary permittivity, 74
ordinary refractive index, 74
Otto configuration, 210
out-of-phase vibrations, 48
out-scattering rate, 46

parametric frequency conversion, 171
Pauli blocking, 47, 94, 129, 231, 233, 244

Pauli vector, 9, 80, 159
perfect conductor, 179
permittivity, 101, 114, 179
of conductor, 183
effective, 218
electric, 117
extraordinary, 74
ordinary, 74
surface, 74, 101
permittivity tensor, 68, 98, 115
permutation symmetry
intrinsic, 167
perturbation, 86

perturbation Hamiltonian, 121, 159

perturbation method, 145

phase matching, 209, 210, 214, 229

phase-matching condition, 210
phase mismatch, 209
phase velocity, 14, 128, 183
of carrier in graphene, 14
of graphene SP mode, 198
of graphene SPP mode, 188
phonon
acoustic, 33, 39
flexural, 54
longitudinal acoustic, 40
longitudinal optical, 42
optical, 33
surface, 33
transverse acoustic, 40
transverse optical, 42, 197
phonon absorption, 40
phonon emission, 40
phonon frequency, 42
phonon polariton, 42
surface, 42
phonon scattering, 33, 41
acoustic, 39
optical, 41, 42, 48
SO, 43
photoconductive detector, 229
photoconductive gain, 229
photocurrent, 221, 230
photodetector, 220
graphene-based, 228, 233
terahertz, 229, 230
photogating effect, 228
photon energy, 221
photon flux, 221
absorbed, 221
photonic crystal, 176
photo-thermoelectric effect, 224
photovoltage, 230
photovoltaic effect, 221
planar waveguide, 216
plasma frequency, 178, 179
surface, 183
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plasma oscillation, 178
plasmon, 178
surface, 178, 183
volume, 179
plasmon mode
acoustic, 218
optical, 218
plasmon polariton, 181
surface, 178, 182
volume, 181
plasmon resonance, 216, 243
plasmonic waveguide, 216, 218
of two graphene sheets, 218
plasmonic waveguide mode, 218
plasmonic wavelength, 213
p-n junction, 221
point defect, 38
point group, 150
polar crystallographic point groups, 42
polar substrate, 42
polariton dispersion, 42
polarizability. See polarizability function
polarizability function, 108, 111, 112, 113
at a nonzero temperature, 138
of 2D electron gas, 142
of AB-stacked bilayer graphene, 141, 142
of monolayer graphene, 142
surface, 112, 116, 118, 124, 125
polarization, 66
polarization current, 67, 114
polarization density, 149, 179
induced, 113
surface, 75, 149, 151
polyethylene oxide, 55
polymer electrolyte, 55, 59
position operator, 122
primitive lattice vectors, 1
primitive unit cell, 2
principal axis, 28, 29, 72, 74, 150
principal surface conductivity, 74
principal surface susceptibility, 74
principal susceptibility, 72, 150
prism coupler, 210
propagation constant, 179
of graphene TE mode, 196
pseudospin, 9
PTE effect. See photo-thermoelectric effect
PV effect, 224, 226, 228, See photovoltaic
effect

Q-switched laser, 246
quantum dot, 228
quasistatic approximation, 183, 188

random-phase approximation, 120
rate equation, 244
RC-limited bandwidth, 223, 233

Index

RC time constant, 222, 233
reciprocal lattice, 2
reflectance, 232, 243

of monolayer graphene, 103

of multilayer graphene, 105
reflection coefficient, 103
reflection spectroscopy, 100
refractive index, 100

extraordinary, 74

nonlinear, 176

ordinary, 74
relaxation time, 31

effective, 32, 108
relaxation-time approximation, 31, 124, 125
resistance

contact, 57

of graphene sheet, 56

sheet, 30, 56

specific, 30

surface, 30

total, 57
resistivity, 30

sheet, 30

surface, 30, 51, 56
resonance frequency, 213, 242

graphene SPP mode, 239
resonance mode, 235, 236
resonant transition, 170
response function, 113
responsivity, 221, 223
retarded region, 183
RPA. See random phase approximation
RPA conductivity model, 203
RPA dispersion curve, 192
RPA surface conductivity, 203
RPA-RT surface conductivity, 189

257

RPA-RT surface polarizability function, 125, 190

saturable absorber, 244, 246
graphene, 246
saturable absorption, 233
saturation intensity, 245
saturation model, 244
saturation surface carrier density, 244
scalar potential, 79, 112, 121
induced, 118
scattering
acoustic phonon, 33, 39, 59
backward, 34, 36, 142
charged-impurity, 36
defect, 38
elastic, 34, 49
extrinsic optical phonon, 42
forward, 34
impurity, 35, 49
inelastic, 34, 49
interband, 33, 192, 193
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scattering (cont.)
intervalley, 34
intraband, 33, 34, 36
intravalley, 34
intrinsic optical phonon, 48
long-range, 58
optical phonon, 33, 41
short-range, 38, 58
SO phonon, 43, 50
scattering center, 27
scattering mechanism
extrinsic, 33
intrinsic, 33
scattering potential energy, 34, 37
scattering rate, 138
acoustic phonon, 40, 53
charged-impurity, 37
defect, 38
effective, 64, 138
elastic, 49
energy-dependent, 47
impurity, 37, 53
interband, 111
intraband, 111
SO phonon, 44, 45, 47, 53
total, 49
scattering transition rate, 33
scattering wave number, 36, 45
scattering-type SNOM, 212
Schrodinger equation, 3
screened Coulomb interaction, 120
screened Coulomb potential energy
2D, 119
screening number, 48
screening wave number, 37
Thomas—Fermi, 37
second harmonic, 163
second-order optical nonlinearity, 162
second-order tensor, 150
Seebeck coefficient, 224
selection rules, 98
self-consistent Born approximation, 39
self-interaction energy, 4, 6
self-phase modulation, 176
semiclassical dispersion curve, 192
semiconductor saturable absorber mirror, 245
SESAM. See semiconductor saturable absorber
mirror
sheet conductance, 30
sheet conductivity, 29
sheet resistance, 30
of graphene, 56
sheet resistivity, 30
short laser pulse, 246
short-range scattering, 38, 58

single-mode fiber, 233
single-walled carbon nanotube, 245
slope efficiency, 246
SNOM. See near-field scanning optical microscopy
aperture, 212
apertureless, 212
scattering-type, 212
SO phonon. See surface optical phonon
SO phonon scattering, 43, 50
SO phonon scattering rate, 45
SP. See surface plasmon
space group, 150
spatial nonlocality, 107, 111, 180
specific conductance, 30
specific resistance, 30
spectral broadening, 85, 170, 172, 175
spectral linewidth, 170, 172, 175, 216
spectroscopic ellipsometry, 100
split ring resonator, 236
spoof SPP mode, 236, 238, 240, 242, See spoof
surface plasmon polariton mode
spoof surface plasmon polariton mode, 236
SPP. See surface plasmon polariton
SRR. See split ring resonator
s-SNOM. See scattering-type SNOM
stacking
AA, 21
AB, 15
ABC, 23
Bernal, 15
static screening wave number, 141
stimulated emission, 82
surface carrier density
photoexcited, 244
saturation, 244
surface charge density, 116, 118, 123
surface concentration
of electrons, 11
of holes, 11
surface conductance, 30
surface conductivity, 28, 32, 62, 64, 107, 112, 183
2D, 28
DC, 107
Drude, 189
linear, 149, 151
nonlinear, 169, 171
principal, 74
RPA, 203
PRA-RT, 189
third-harmonic, 168
surface current, 183
nonlinear, 168
surface current density, 28, 88, 116, 149, 151, 183
nonlinear, 162
surface current model, 183
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surface electric conductivity, 74 surface, 112, 149
surface electric polarization, 116 third-order, 146, 150
surface electric susceptibility, 116 susceptibility tensor, 68
surface electron density, 11, 116 SWNT. See single-walled carbon nanotube
surface hole density, 11 symmetric surface plasmon mode, 207
surface optical conductivity, 74, 83, 89, 109, 116,
137, 151 TE mode. See transverse electric mode
of AA-stacked graphene, 95, 97 terahertz modulator, 230, 235, 242
of AB-stacked graphene, 95 terahertz photodetector, 229
high-frequency, 84 terahertz waveguide, 216, 230
low temperature, 85, 111 thermal-equilibrium distribution, 87
of monolayer graphene, 95, 244 thermoelectric effect, 224
nonlinear, 152 thickness
at zero temperature, 91, 92 of monolayer graphene, 47, 71, 101, 175
surface optical current density, 75 third-harmonic generation, 168
surface optical phonon, 42, 197 third-order nonlinear surface susceptibility, 175
surface optical susceptibility, 73, 98, 151 third-order nonlinear susceptibility
surface permittivity, 74, 101 3D effective, 175
surface phonon, 33 third-order optical nonlinearity, 164, 171
surface phonon mode, 42 third-order tensor, 150
surface phonon polariton, 42 Thomas—Fermi screening, 37, 51, 137, 140, 143
surface plasma frequency, 183 tight-binding model, 3
surface plasmon, 178, 183 time-dependent perturbation, 87
surface plasmon mode, 183 TM mode. See transverse magnetic mode
acoustic, 208 TM surface mode, 182
antisymmetric, 207 TMDC. See transition metal dichalcogenide
graphene, 188 TO phonon. See transverse optical phonon
optical, 208 transition
phonon-coupled, 197 forbidden, 94
symmetric, 207 interband, 77, 78, 92, 125, 159, 171, 175, 231
surface plasmon polariton, 178, 182 intraband, 78, 107, 125, 159
surface plasmon polariton mode, 182 nonresonant, 170
graphene, 185 resonant, 170
metal, 188 transition metal dichalcogenide, 223
spoof, 236 transition rate, 82
surface polarizability. See surface polarizability transit-time-limited bandwidth, 221
function transmission coefficient, 103
surface polarizability function, 112, 116, 118, 124, transmittance, 231, 234, 243
125 of monolayer graphene, 103
RPA-RT, 125, 190 of multilayer graphene, 105
surface polarization density, 75, 149, 151 transverse acoustic phonon, 40
surface resistance, 30 transverse electric mode, 193
surface resistivity, 30, 51 of monolayer graphene, 194
graphene, 56 transverse magnetic mode, 185
surface susceptibility, 112 transverse mode, 179, 181
linear, 149, 151 transverse optical phonon, 42, 197
nonlinear, 152 transverse optical phonon frequency, 42
principal, 74 trilayer graphene
susceptibility, 114 AA-stacked, 22
electric, 71 AB-stacked, 20, 63
linear, 146
nonlinear, 145, 146 ultrahigh mobility, 58, 59
optical, 71 undeformed graphene, 29, 72
principal, 72, 150 uniaxial, 74
second-order, 146, 150 unit cell, 2
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unit polarization vector, 69
unsaturated absorbance, 244

valence band, 6, 70, 78, 92
van der Waals attraction, 224
Van Hove singularities, 100
vector potential, 79, 81
vectorial field amplitude, 69
velocity operator, 88

virtual state, 170

volume current density, 183
volume plasmon, 179
volume plasmon mode, 179
volume plasmon polariton, 181

volume plasmon polariton mode, 181

wave function
of graphene, 3

waveguide
graphene, 216
graphene nanoribbon, 216
graphene plasmonic, 218
planar, 216
plasmonic, 216, 218
terahertz, 216, 230

Z0 mode, 48
Z0 phonon, 48
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