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Index

A

Absolute thermopower, 263
Absorption coefficient, 71, 376
Absorption of electromagnetic radiation, 374
Acceptors, 429
Acoustic branch, 90
Adiabatic approximation, 83, 135
– demagnetization, 131, 225
Aharanov-Bohm-effect, 273 ff.
Alloys, 36 ff.
Altshuler-Aronov-Spivak-oscillations, 273 ff.
Amorphous
– materials, 21, 56, 71, 138, 181, 266
– phases, 180
Angle resolved photoemission spectroscopy,
184 ff.

Anharmonic effects, 121
Anisotropy, magnetic, 219 ff., 233 ff.
Anomalous absorption, 78–80
– transmission, 78–80
Antibonding orbital, 4
Antiferromagnetism, 211–215
Anti-Stokes lines, 108 f., 231
Antisymmetrization, 197
Atomic beams, 73 ff.
– scattering factor, 65 ff.
Atom motion, 83 ff.
Auto-correlation, 54
Avalanche breakthrough, 443

B

Ballistic transport, 268 ff., 500 f.
Band discontinuity
– of conduction band, 461
– of valence band, 461
Band gap, 163 ff., 419 ff.
Bandstructures, 173 ff.
– experimental determination, 187
Base, 473
– current, 474
Basis vectors, 23

BCS coherence, 324 ff.
– excitation spectrum, 312 ff.
– ground state, 304 ff.
– occupation probability, 307
– theory, 291, 304 ff.
Beer’s law, 379
Benzene, 156
Bipolar
– devices, 472
– transistor, 473
Bloch’s T3/2 law, 219
– theorem, 161 ff.
Bloch-wall, 222 ff.
Bloch waves, 161 ff.
Body-centered cubic lattice, 33
Bogoliubov equations, 317
Bohm-Staver relation, 405
Bohr magneton, 192
Boltzmann equation, 126, 251 ff.
Bonding orbital, 4
Bose statistics, 117 ff.
Bottom-up approach, 513
Bragg equation, 62 ff.
Bragg-Williams approximation, 39
Bravais lattices, 24
Brillouin scattering, 93, 111
– zone, 63 ff.
Bulk modulus, 103, 123, 156
Burgers vector, 46

C

C60, 8
Carrier freeze out, 435
– drift velocity vD, 441
– saturation, 435
Cauchy relation, 105
Causality principle, 403
Cesium chloride structure, 10, 35, 77
Chandrasekhar limit, 158
Charge carrier density in semiconductors,
424 ff., 432 ff.



Chemical bonding, 1 ff.
– potential, 41, 145
Clausius-Mossotti relation, 387
Cluster calculations, 181
CMOS (complementary MOS), 479
Coercive field, 220
Coherence of the BCS groundstate, 325 ff.
Coherence length of a Cooper pair, 325 ff.
Collector, 473
– current, 473
Common base configuration, 476
– tangent, 42
Composition superlattice, 464 ff.
Condensation energy density
(superconductivity), 324

Conductance
– one dimensional, 272, 502
Conduction band, 419
Cooper pairs, 299 ff.
– tunneling of, 362 ff.
– wavefunction, 301 ff.
Coordination number, 31 ff.
Coulomb potential, 10
Coupling constants, 85
Covalent bonding, 4 ff.
Critical current (superconductivity),
321 ff.

Critical exponent, 207
– magnetic field, 296, 324, 329
– points of the bandstructure, 178 ff.
Crystal classes, 27 ff.
– structures, 31 ff.
Crystalline anisotropy, 219 ff.
Cubic crystals (elastic constants), 103
Curie temperature, 207
Cut-off frequencies, 480
Cyclotron resonance, 282, 492 ff.

D

Damon-Eshbach waves, 229
Debye cut-off frequency, 118 ff.
– model of specific heat, 118 ff.
Debye-Scherrer method, 69
Debye temperature, 119
– of superconductors, 320
Debye-Waller factor, 105
Degeneracy and group theory, 28 ff.
d-electrons, 2, 14, 175 ff., 206
De Haas-van Alphen effect, 289
Density of states, 115 ff.
– for electrons, 177 ff.
– of ferromagnets, 196, 205
– of free electron gas, 138

– non-crystalline solids, 179 ff.
– for phonons, 116
Depolarization field, 219, 222, 233
Devices, 472 ff.
Diamagnetism, 191 ff., 295
Diamond structure, 34
Diatomic linear chain, 86 ff.
Dielectric energy losses of electrons, 400 ff.
– function, 372 ff.
– modes, 379
– properties, 371 ff.
– susceptibility, 373
Diffraction experiments, 72 ff.
– theory, 51 ff.
Diffusion current approximation, 451
– length, 453
– voltage, 446
Diffusive transport, 269 ff.
Diode characteristics, 153, 455
Dipole interaction, 16
Direct transitions, 394
Dislocations, 46
Dispersion relation, 88 ff., 381, 404
Domains, 71, 219 ff.
Donors, 429 ff.
Doped semiconductors, 432 ff.
Doping superlattice, 470
Double heterostructure laser, 484
Drude conductivity, 255, 258
Dynamical matrix, 86
Dynamics of atoms, 83 ff.
Dynamic scattering, 52

E

Easy axis, 219
Edge dislocation, 47
Effective band gap, 471
– charge, 377
– density of states, 427
– mass, 196, 241 ff., 399, 422 ff.
Einstein relation, 447
Elastic
– constants, 98 ff.
– isotropy, 103
– modules, 98
– properties of crystal, 94
Elastic scattering, 53
– of electrons in bands, 254
Electrical conductivity of metals, 255 ff.
– of semiconductors, 424 ff.
Electrical confinement, 485
Electrical susceptibility, 107, 373
Electron affinity, 9, 461
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Electron-defect scattering, 250 ff., 258
Electronegativity, 11
Electron-electron scattering, 250
Electron energy loss spectroscopy, 402
– energy shells, 2
Electronic bandstructure, 159 ff.
– examples, 173 ff.
– nearly free electron approximation,

163 ff.
– tight binding approximation, 167 ff.
Electron-phonon scattering, 336, 396
Elementary mesh, 73
Emitter, 472
– configuration, 476
– current, 474
– efficiency, 476
Energy gap
– in semiconductors, 178, 420 ff.
– in superconductors, 308 ff.
Entropy, 17, 40, 262
Epitaxial films, 234
Epitaxy, 459, 479
Equation of motion
– of atoms, 85
– for crystal electrons, 242
Ewald sphere, 60
EXAFS, 71
Exchange anisotropy, 235
Exchange bias, 235 ff.
Exchange hole, 201
– interaction, 199 ff.
– splitting, 202
Excitation spectrum
– superconductor, 308 ff.
Excitons, 398
Expansion coefficient, 123 ff.

F

Fabry-Perot interferometer, 230, 485
Face-centered cubic lattice, 31
Fermi distribution, 144 ff.
– energy, 145
– gas, 146 ff.
Fermi level for different doping, 433
– of heterostructures, 459 ff.
– pinning, 457
– for p-n junction, 443 ff., 445 ff.
Fermi sphere, 141, 175
– surface, 174, 250, 290
Ferroelectrics, 387 ff.
Ferromagnetism, 201 ff.
Field effect transistors, 476 ff.
Fine structure constant, 502

Fixed boundary conditions, 136
Fluxoid, 330
Flux quantization, 331 ff.
– tubes, 338
– vortex, 340
Flux quantum, 275, 331 ff., 368
Forbidden band, 164 ff., 179, 420
Form anisotropy, 233 ff.
Fourier transform, 53, 389
– spectroscopy, 415
Free-electron gas, 136 ff., 389 ff.
– two-dimensional, 465 ff., 477
Free energy
– defects, 46
– enthalpy, 39
– of vibrations, 122
Frenkel
– defect, 45
– exciton, 398
Friedel oscillations, 182
Friedel’s rule, 59
Fröhlich interaction, 299
Frustrated total reflection, 383
Fullerenes, 8

G

Gap energy (superconductivity), 316
Generation current, 450
Giant magneto resistance, 237 ff.
Ginzburg-Landau theory, 336
GMR-effect, 237 ff.
Grüneisen formula, 259
– number, 124
Group
– III-nitrides, 443
– velocity, 127, 242

H

H2, H2
+ molecules, 4 ff., 198

Hall effect, 489 ff., 497 ff.
Harmonic approximation, 85
– oscillator, 116, 377 ff.
Heat reflecting window, 390
Heisenberg Hamiltonian, 199, 209, 223
Helium atom scattering, 73 f.
HEMT (high electron mobility transistor),
477

Hexagonal close packing, 32
High-temperature superconductors, 340 ff.
Holes, 245 ff., 424 ff.
Hopping conduction, 266
sp3 Hybridization, 7, 18, 176, 423

Index 529



Hydrogen bonding, 15
– model for impurities, 430
– molecular ion, 5
Hysteresis, 220 f., 235 f.

I

Ideal conductor, 294
III-V semiconductors, 423 ff., 459, 478 ff.
Impurities in semiconductors, 440, 465
Indirect semiconductor, 421, 442
– transitions, 394, 443
Inelastic scattering, 93 ff.
– of electrons in bands, 254 ff.
– tunneling, 359 ff.
Infrared-active phonon, 89, 377
Infrared spectroscopy, 414 ff.
Instability of the Fermi sea, 299 ff.
Interband transitions, 390 ff.
Interface
– energy (superconductivity), 336
– states, 456
Interface anisotropy, 234
Internal energy of free electron gas, 146
Interstitial site, 45
Intrinsic semiconductors, 424 ff.
Inversion, 478
– symmetry, 25
Ionic bonding, 9 ff.
– structure, 35
Ionization energy, 9
– of donors and acceptors, 429 ff.
Irreducible representation, 29 ff.
Isotope effect
– in superconductors, 320 f.

J

Joint density of states, 395 ff.
Josephson effect, 362 ff.
– junction, 363

K

Kinematic diffraction theory (scattering
theory), 52 ff.

Kondo effect, 260
Kramers-Kronig relations, 374

L

Landau levels, 287 ff., 496 ff.
Laplace equation, 157, 382
Laser, 405, 472, 481
Lattice, 22 ff.
– defects, 45
– plane separation, 61 ff.

Laue
– condition, 59
– method, 70
T3 Law, 120
T3/2 Law, 219
Law of mass action for charge carrier
concentrations, 432, 445

Layer crystal, 345
LCAO, 157, 167, 182
Left-handed materials, 408 ff.
Lift-off process, 511 ff.
Light sources, 185, 414
Linear combination of atomic orbitals
(LCAO) method, 157, 168, 182

Liquid structure factor, 55, 68
Liquidus, 38
Lithography, 510 ff.
Local field, 385 ff.
Localized electrons, 266 ff.
Local modes, 104
London equations, 296 ff., 328
– penetration depth, 298
Longitudinal effective mass, 422
– waves in solids, 379 ff.
Lorentz Force, 286, 492, 500
Lorentz number, 265
Low energy electron diffraction (LEED), 72
Low-temperature experiments, 131 ff.
Lyddane-Sachs-Teller relation, 382

M

Madelung constant, 11
Magnetic anisotropy, 219 ff., 233 ff.
– domains, 219, 222
Magnetic dipole moment, 192
– flux quanta, 275, 331 ff., 368
– – tubes, 338

– susceptibility, 194 ff., 213, 289
– – of an antiferromagnet, 213

Magnetism, 191 ff.
– at surfaces, 223, 229 ff.
Magnetization curve, 220, 236 ff., 337
– definition, 192
Majority charge carriers, 445
Many electron theory, 191
Mass tensor, 243
Matrix representation, 28 ff.
Matthiesen’s rule, 260
Mean field approximation, 39, 209
Mean free path, 127 f., 247, 269 ff.
Meissner-Ochsenfeld effect, 295, 324 ff.
Meissner phase, 337
MESFET (metal semiconductor field effect
transistor), 477

Metallic bonding, 13 ff.
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Metal organic chemical vapor deposition
(MOCVD), 459, 505 ff.

Metal organic molecular beam epitaxy
(MOMBE), 509

Metamaterials, 410 ff.
Microbridge, 362
MIGS (metal-induced gap states), 456
Miller indices, 60 f.
Minority charge carriers, 445
Miscibility gap, 38, 43
Mixing entropy, 39
Mobility
– edge, 266
– in metals, 255 ff.
– in semiconductors, 424 ff., 437 ff.
Modulation doping, 464 f.
Moiré topography, 79
Molecular beam epitaxy (MBE), 459, 504 ff.
Molecular orbitals, 4 ff.
Momentum conservation and energy
uncertainty of a Cooper pair, 303

– in photoemission, 186 ff.
– in scattering, 92, 127
MOSFET (metal oxide semiconductor field
effect transistor), 477

Motion of electrons and transport
phenomena, 241 ff.

Mott’s law, 268
Mott transition, 150 ff.
Mott-Wannier exciton, 400
Multiphonon processes, 121

N

Néel temperature, 212
Neél-wall, 222 ff.
Negative differential conductivity, 442
Negative index materials, 408 ff.
Nernst calorimeter, 132
Neutrality level, 456 ff.
Neutron diffraction, 75 ff.
– stars, 158 ff.
nipi superlattices, 470
Non-crystalline solid, 179 ff.
Nondegenerate semiconductors, 432 ff.
Nonlinear conductivity, 282
Normal coordinates, 19
Normal mode vibrations of a molecule, 30
Novel optical materials, 407 ff.

O

One-electron approximation, 135 ff.
Optical
– branch, 88
– confinement, 484

Optoelectronic devices, 472
Orbital, 4 ff.
– angular momentum, 192
Orbit of electrons, 286 ff., 492
Oscillations
– de Haas-van Alphen, 289
– Shubikov-de Haas, 495 ff.
Oscillator
– harmonic, 85, 116 ff., 377 ff., 404
Output characteristics, 475
Overlap, 172
– integral, 5, 197

P

Pair
– correlation function, 55 f.
– wavefunction, 197 ff., 305
Paramagnetism, 191 ff.
Parity, 29
Partial dislocation, 47
Patterson function, 54
Pauli matrices, 199, 215
– paramagnetism, 195 ff.
– principle, 6, 142, 250
Peltier effect, 263
Penn model, 405
Periodic table, 1 ff.
Periodic boundary conditions, 114, 138
Permalloy, 221, 236 ff.
Phase coherence length, 269 ff.
Phase diagrams, 36 ff.
Phonon, 91 ff.
– decay, 126
– exchange, 300
– spectroscopy, 91 ff.
Photocurrent, 470
Photoemission spectroscopy, 186 ff.
Photoluminescence, 468 ff.
Photonic crystals, 412
Photoresist, 510 ff.
Piezoelectric effect, 130, 388
Plasmons, 389 f., 401
Plastic deformations, 47
p-n junction, 443 ff.
Point
– defects, 45
– groups, 27 ff.
– Schönflies symbols, 28
– symmetry, 25 ff.
Poisson
– equation, 150 ff., 445 ff.
– number, 103
Polaritons, 381
Polarizability, 377 ff., 387
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Polarization, 373 ff.
– catastrophe, 387 ff.
Population inversion, 405, 482
Powder method, 69

Q

z Quantization, 466 ff., 495
Quantization of magnetic flux, 329 ff.
Quantum Hall effect, 495 ff.
– oscillations, 273 ff.
– well lasers, 471
– wells, 495
Quantum transport, 268 ff., 273, 279
Quasi
– electrons, 313
– Fermi level, 451
– harmonic approximation, 123
– holes, 313
– momentum, 93
– particles, 312

R

Raman-active phonon, 110
Raman scattering, 107 ff.
– from spin waves, 231
Rayleigh scattering, 108
Reactive ion etching (RIE), 512, 513
Reciprocal lattice, 57 ff.
Recombination, 451
– current, 450
Reduced zone scheme, 163, 175
Reduction to first Brillouin zone, 163
Reflection high energy electron diffraction
(RHEED), 505

– symmetry, 25
Reflectivity, 375, 384 ff.
Refractive index, 374, 407
Relaxation time, 126, 251 ff.
Remanence, 220
Representation of a group, 29
Residual resistivity, 260
Resistivity
– electrical, 247 ff.
– – amorphous solids, 266
– – semiconductors, 414 ff.

– thermal, 124 ff.
Resonant Raman scattering, 110 ff.
Reststrahlen (residual radiation), 384
Reverse bias, 451
Richardson-Dushman formula, 155 ff.
Ritz method, 17, 168
Rotating crystal method, 69
Rotation axes, 25

S

Scattering conditions, 58
– density, 53
– of electrons in bands, 247 ff.
– vector, 53
Schönflies symbols, 28
Schottky
– barrier, 458
– contact, 443 ff.
– defect, 46
Screw dislocation, 47
Seebeck effect, 263
Selection rules, UPS, 189 ff.
Semiconductor, 419 ff.
– epitaxy, 504 ff.
– heterojunction, 460
– heterostructures, 459 ff.
– superlattice, 459 ff.
Shubnikov-de Haas oscillations, 495 ff.
Shubnikov phase, 337 ff.
Sine-Gordon equation, 224
Singlet state, 198
Slater determinant, 327
Sodium chloride structure, 9 ff.
Solid solution, 48
Solidus line, 37
Sound
– velocity, 100, 116
– waves, 94, 100
Space charge capacitance, 454
– groups, 27
– zone, 454
Specific heat of free-electron gas, 145 ff.
– of atom variations, 118 ff.
– of superconductors, 293
Spin operator, 193, 209, 215, 305
Spin-orbit coupling, 219
Spin-orbit splitting, 421
Spin valve, 238
Spin waves, 215 ff.
– magnetostatic, 227 ff.
Split ring resonators, 410
Spontaneous emission, 481
Square-well model for metals, 136 ff.
Stars and Fermi gas, 158 ff.
Stereographic projection, 27
Stimulated emission, 481
Stokes lines, 109, 231
Stoner criterion, 203
– gap, 205, 218
Stoner-Wohlfart model, 201 ff.
Strain, 95
Stress tensor, 98
Structure analysis, 67 ff.
– factor, 64 ff.
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Subbands, 467
Superconducting quantum interference
device, (SQUID), 347, 366

Superconductivity, 291 ff.
– coupling constants, 320
Superconductors, elemental, 293
– oxide, 340 ff.
– type II, 333 ff.
Supercurrent, 295, 321 ff.
Superlattices, 73, 459 ff.
Superstructure, 73
Surface waves, 157, 230, 382 ff.
– magnetic, 230 ff.
Susceptibility
– antiferromagnetic, 214
– electric, 107, 373, 497
– magnetic, 192 ff., 207, 214
Symmetry, 25 ff.
– points, 64
Synchrotron radiation, 185

T

Thermal conductivity
– via electrons, 264
– via phonons, 124 ff.
Thermal energy, 118 ff.
– expansion, 121 ff.
– properties, 113 ff.
Thermoelectric effects, 261 ff.
Thermionic emission, 152 ff.
Thomas-Fermi screening length, 151, 405
Threshold current density, 485
Total reflection, 384, 390, 417 ff.
Transconductance, 476, 480
Transfer characteristics, 475
Transistor, 472 ff.
Transition temperature
– high Tc superconductors, 344 ff.
– magnetic, 209 ff.
– in superconductors, 291 ff.
Transport coefficients, 263
– phenomena, 124 ff., 251 ff.
Transverse effective mass, 422
– waves in solids, 90, 379 ff.
Triplet state, 198
Tunnel barriers, 356 ff.
– diode, 357, 360
– spectroscopy, 360
Tunneling experiment, 352 ff.
– of Cooper pairs, 362 ff.
– of electrons, 352 ff.
– process, 352
Two-dimensional density of states
– for electrons, 156, 467
– for phonons, 129

Two-dimensional electron gas, 156,
182, 467, 499

Two-dimensional lattice, 22
Two-dimensional Schrödinger
equation, 466

U

UHV (ultra high vacuum) system, 504
– technology, 504
Ultraviolet photoemission spectroscopy
(UPS), 184 ff.

Umklapp process, 128
Universal conductance fluctuations,
279 ff.

V

Valence band, 176, 178, 419 ff.
Van der Waals bonding, 15 f., 19
Van Hove singularity, 115, 177, 395
Virtual phonons, 300
Voigt’s notation, 98
Volume expansion coefficient, 122

W

Wave packet, 125, 241 ff.
Weak localization, 278 ff.
Weissenberg method, 69
Wiedemann-Franz law, 264 ff.
Wigner-Seitz cell, 64
Work function, table of, 155
Wurtzite lattice, 35

X

X-ray
– diffraction, 59 ff.
– interferometry, 78 ff.
– photoemission spectroscopy (XPS),

184 ff.
– topography, 78 ff.
X-ray lasers, 511

Y

Young’s modulus, 103

Z

Zero point energy, 113
– entropy, 17
Zinc blende structure, 35
Zone melting, 45
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