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Index

absorption, 39-40, 52-53, 195, 288, 371,
520-5

absorption characterization, 520-5

absorption coefficient, 520

absorption in doping superlattices, 418

acceptor, 2; see also hydrogenic acceptors,
shallow acceptor

acceptor degeneracy, 25

acceptor energy, see ionization energy

acceptor-hydrogen complex, 378-9

acceptor in quantum barrier, see impurity in
quantum barrier

acceptor in quantum well, see impurity in
quantum well

acceptor wave functions, 22

actinides, 390-1

activation energy, 132

activation energy of impurities, see ionization
energy

admittance spectroscopy, 505-8

AlGaAs, 292, 542

AllnAs, 543

AllnP, 292

alloy broadening, 517-19

AlSb, 25

amphotericity, 189, 198, 277-90, 301-3

annealing temperature, 270

antisite defect, 367-8, 373

antisite~interstitial pair, 367, 368

approximations for Fermi-Dirac integral of
order j=+, 107-14

approximations for Fermi-Dirac integral of
order j=0, 115~16

approximations for Fermi—Dirac integral of
order j=—%, 117

As, dimers, 199-200

As, tetramers, 199-200

Auger recombination, 70

Auger spectroscopy, 454
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autocompensation, 189, 191, 198, 199-200,
255,277-90, 301-3

baffle zone, 163

band filling, see Burstein—Moss shift

band structure, 22-3

band tails, 44-8

band-to-band transitions, 512

bandgap narrowing, 48-53

bandgap renormalization, see bandgap
narrowing

bandgap shrinkage, see bandgap narrowing

Bardeen states, see surface states

Be, 182-5, 271, 276, 292, 328, 457

Be precursors, 219-22

Bloch function, 20

Bohr magneton, 11

Bohr model, see hydrogen atom model

Bohr radius, 9

Boltzmann distribution, 103

Boltzmann-Matano method, 316

bound exciton, 512-19

Bragg reflection, 536

Bridgman technique, 3867

Brooks-Herring approximation, 399

brownian motion, 307-8

bulk equilibrium, 251-2, 279

Burstein—Moss shift, 3741, 53

Burstein—Moss shift in two-dimensional
systems, 39

C, 190-2, 292, 332, 458

C precursors, 230-3

Ca, 186

calibration, see doping calibration
capacitance change, 505

capacitance transient, 4968, 502
capacitance—voltage profile, see CV profile
capping layer, 275
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capture, 60

capture cross section, 61, 74

capiure energy, 74

capture energy of DX-centers, 361

capture probability, 61

capture rate, 61

capture transient, 63

carrier concentration, 118-36

cascade recombination, 69

cathodoluminescence, 509

Cd, 188-189

Cd precursors, 227-30

central cell, 26

central cell corrections, 25-7

central cell potential, 25

characterization techniques, 482-540

chemical-beam epitaxy, 149

chemical shift, 25

chloride vapor-phase epitaxy, 161

circular orbit, 11

co-implantation, 285

collision cascades, 268

compensated semiconductors, 128, 135

compensating native defects, see native
defects

compensation, see autocompensation,
compensated semiconductors

compositional distribution coefficient, 259-62

concentration-dependent amphotericity, 279,
286-90

concentration-dependent diffusion, 187-8,
274-5, 3214, 291, 320

configuration coordinate diagram, 72-3

configuration coordinate diagram of DX-
center, 362

configuration coordinate diagram of EL2
center, 370

congruent evaporation temperature, 253

continuity equation, 311-12

Conwell-Weisskopf approximation, 399

correlation energy, 364

coulombic repulsion, 293

Coulomb potential, 7

Cr, 336, 385-7

cracker cell, 147-8

critical thickness, 537

crucible, 1401

CV concentration, 488

CV depth, 489

CV profile resolution, 450-4, 489-92

CV profiling, 487-95

Czochralski technique, 365-6, 385~7

D, see deuterium
dead volume, 156

Debye screening radius, 31, 489-90
deep donor, 125-8
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deep level, 54-77, 354-91, 492-5

deep level transient spectroscopy, 496503

deep impurity, see deep level

deep trap, see deep level

defect, 379; see aiso deep level, antisite
defect, Frenkel defect, Schottky defect

defect formation energy, 299

degenerate states, 13

degeneracy, 22

delta doping, 407-11, 433-81

delta doping in bipolar transistors, 469-70

delta doping in diodes, 470

delta doping in doping superlattices, 412-22,
471-81

delta doping in field-effect transistors, 467-9

delta doping in heterojunctions, 465-7

delta doping in lasers, 47680

delta doping in LEDs, 4746

delta doping in modulators, 4801

delta doping in ohmic contacts, 4635

delta doping in superlattices, 414-22

density of states, 80-93

density of states in 3D systems 83, 93

density of states in 2D systems 87, 93

density of states in 1D systems 88, 93

density of states in OD systems 89, 93

density-of-states effective mass, 845

density of states in presence of tail states, 46

depletion approximation, 487-8

depletion layer, 170, 394

deuterium, 375-6

devices, 463-81

diffusion, 307-38; see also concentration-
dependent diffusion, hydrogen diffusion,
impurity—defect complex diffusion,
interchange diffusion, interstitial
diffusion, self diffusion, substitutional
diffusion, substitutional-interstitial
diffusion

diffusion along imperfections, 325

diffusion barrier, 308

diffusion coefficient, see diffusion constant

diffusion constant, 188

diffusion constants of impurities, 328-37, 376,
382

diffusion constants for self diffusion, 251,
349-50

diffusion constant gradient, 310

diffusion hop, 307

diffusion in closed system, 2756

diffusion in open system, 275-6

diffusion length, 60, 274, 313

diffusion measurement, 326—8

diffusion mechanisms, 316-25

discreteness of charge, 4434

distribution coefficient, 245; see also
compositional distribution coefficient,
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thermodynamic distribution coefficient

DLTS, see deep level iransient spectroscopy

DLTS spectrum, 500

denor, 2; see also hydrogenic donors, shallow
donor

donor-acceptor pair transition, 511

donor-complex center, see DX-center

donor degeneracy, 21

donor energy, see ionization energy

donor-hydrogen complex, 377

donor in quantum barrier, see impurity in
quantum barrer

donor in quantum well, see impurity in
quantum well

donor wave functions, 20

doping calibration, 170-7

doping distribution in delta-doped
semiconductors, 446-58

doping during epitaxial growth, 24962

doping efficiency, 222, 267, 357

doping filament, see filament doping

doping homogeneity, 177-81, 213-19

doping in heterostructures, 392-412

doping incorporation by diffusion, 272-7

doping incorporation by implantation, 262-72

doping incorporation during MBE, 251-8

doping incorporation during OMVPE, 251-8

doping impurity flux, 165

doping precursors, 20847

doping profile, 176-9, 326-7, 3467, 449-56,
487-95

doping saturation, see saturation

doping superlattice, 412-22, 471-81

doping uniformity, 177-81, 213--19

drift mobility, 485

drift velocity, 309-10

DX-center, 3034, 355-65, 462

effective Bohr radius, 19, 23

effective density of states, 89-93

effective density of states in 3D systems, 91, 93

effective density of states in 2D systems, 92-3

effective density of states in 1D systems, 92-3

effective mass, 18

effective-mass-like acceptors, see hydrogenic
acceptors

effective-mass-like donors, se¢ hydrogenic
donors

effective Rydberg energy, 19, 23

effective Rydberg energy of impurity in
quantum barrier, 429-31

effective Rydberg energy of impurity in
quantum well, 426-8

effusion cell, 141-2, 167-9

Einstein relation, 310

EL?2 defect, 58, 365-73

electrochemical profiling, 174, 495
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electroleminescence, 509

electronegativity, 26

electron gas, 94

electronic structure of delta-doped
semiconductors, 434—45

electronic structure of delta-doped
superlattices, 44445

elemental dopants, 181-207

elemental doping in CBE and OMMBE,
211-13

elemental sources, 165-207

elliptical orbits, 11

emission, 60

emission energy, 74

emission energy of DX-centers, 361

emission probability, 62

emission rate, 62

emission transient, 63

endothermic reaction, 131

energy distribution function, 94

enthalpy, 249

entropy, 249-50

envelope function, 20

epitaxy 137-64

equilibrium, see bulk equilibrium, focal
equilibrium, surface equilibrium

equipartition law, 99, 166

Er, 390-1

exciton, 512-19

exothermic reaction, 131

Fang-Howard wave function, 395-6

far-infra-red absorption, 523

Fe, 337,387

Fe precursors, 388

Fermi—Dirac distribution, 103-7

Fermi-Dirac integral of order j=+i—, 107-14

Fermi-Dirac integral of order j=0, 114-16

Fermi-Dirac integral of order j=—1, 116-17

Fermi gas, 104

Fermi level pinning, 293

Fermi-level-pinning induced surface drift,
343-9

fermion, 104

fickian diffusion, 311-16

filament doping, 170-3

finite reservoir, 312

first-order surface segregation, 339-43

flow controller, 146, 151

flow transient, 159

fluid dynamics, 260

flux distribution, 169

formation energy, 249, 299

Franck—Condon energy, see Franck—Condon
shift

Franck—Condon principle, 72

Franck—-Condon shift, 73, 360
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free exciton, 512-19

Frenkel defect, 318-19
freeze-out regime, 486
fundamental absorption edge, 520

GaAs, 25,292, 541

GaAs, see semi-insulating GaAs
GalnAs, 292, 543

GalnP, 292

GalnPAs, 544

gaseous doping sources, 20847

gas manifold, 158

gas-source molecular-beam epitaxy, 146
GaP, 25

GaSh, 25, 292

gaussian distribution, 31213

Ge, 198--200, 276, 333

Gibbs free energy, 79, 249

group-II dopants, 182-9

group-II doping precursors, 219-30
group-IV dopants, 189202

group-I1V doping precursors, 23041
group-VI dopants, 202-7

group- V1 doping precursors, 241-7
growth, 13764

growth of delta-doped semiconductors, 446-8
growth rate, 226-7

growth temperature, see substrate temperature
growth zone, 163

Hall carrier concentration, 484

Hall coefficient, 484

Hall effect, 483-7

Hall factor, 484

Hall mobility, 484-5

Haynes’ rule, 516

hetero-bipolar transistor, 4

heterojunction band discontinuity, 465-7

heterostructure, 392412

Hg, 189

high doping effects, 34-53

homogeneity, see doping homogeneity

homogeneous line broadening, 519

Hooke’s law, 360

hopping conduction, 41

Huang-Rhys parameter, 75

hydride, 210

hydride source, 146

hydride vapor-phase epitaxy, 161

hydrogen, 374-84

hydrogen atom model, 7-14

hydrogen atom wave functions, see wave
functions of hydrogen atom

hydrogen diffusion, 374-9, 382

hydrogen during epitaxial growth, 383—4

hydrogen implantation, 379-83

hydrogenic acceptors, 21-5
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hydrogenic donors, 18-21

hydrogenic impurity, 6

hydrogenic wave functions, see wave
functions of hydrogenic impurities

ideal gas, 94

ideal gas law, 97, 166

ideal gas theory, 97

implantation, 262-72, 379-83

implantation damage, 381-2

implantation profile, 265-70, 381

impurity, 1

impurity-assisted luminescence transitions,
510-20

impurity band, 414

impurity band conduction, 41

impurity band width, 434

impurity characteristics, 248-305

impurity—-defect complex diffusion, 318

impurity drift, 309-10

impurity in quantum barrier, 422--32

impurity in quantum well, 422-32

impurity incorporation, see doping
incorporation

impurity-induced layer disordering, 349-53

impurity luminescence, 390-1

impurity neutralization, 377

impurity passivation, 377

impurity scattering, 398—404

InAs, 25, 292, 541

infinite reservoir, 272-3, 313

inhomogeneous line broadening, 519

intra-center absorption, 371-2

intrinsic carrier concentration, 119-20, 133

intrinsic semiconductors, 118-20, 132-3

InP, 25, 292, 541

InP, see semi-insulating InP

InSb, 25

insulator-to-metal transition, see Mott
transition

interchange diffusion, 324

interstitial diffusion, 321

intra-center absorption, 371

intrinsic carrier concentration, 119-20, 133

intrinsic regime, 1234

inverted heterostructure, see heterostructure

ion implantation, see implantation

ionization energy, 20, 36-7, 121, 394

ionization energy of DX-center, 355-7

ionization energy of impurity in quantum
barrier, 429~31

ionization energy of impurity in quantum well,
426-8

ionization regime, 1234

ionized impurity scattering, see impurity
scattering

isoelectronic impurity, 26
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Kane function, 46
Knudsen cell, see effusion cell

lanthanides, 390-1

large lattice relaxation, 71-5

laser, 476-80

lattice contraction, 53640

lattice expansion, 53640

lattice relaxation, see large lattice relaxation,
small lattice relaxation

lattice relaxation through breathing mode, 365

lattice relaxation through broken bond, 3624,
373

law of mass action, 130-2, 249-51

LEC, see Czochralski technique

lifetime killer, 55

light-emitting diode, 474-6

line broadening, 519

linear screening, 30

local equilibrium, 251

localized vibrational modes, 528-30

local vibrational mode spectroscopy, 194-5,
287-8, 526-31

longitudinal straggle, see straggle

low-pressure organometallic vapor-phase
epitaxy, 156

low-temperature GaAs, 367-8

luminescence, see impurity luminescence

luminescence in doping superlattices, 420-2

luminescence killer, see lifetime killer

luminescence spectroscopy, 509-20

Luttinger parameters, 23, 25

majority carrier, 122

many-body interactions, 48-9

mass-transport limitation, 262

materials, 139

matrix effect, 534

Matthiessen’s rule, 400

maximum doping concentration, 290-305

Maxwell-Boltzmann distribution, 102

Maxwell velocity distribution, 99102

memory effect, 155, 210

metalorganic molecular-beam epitaxy, see
organometallic molecular-beam epitaxy

metalorganic vapor-phase epitaxy, see
organometallic vapor-phase epitaxy

metal-to-insulator transition, see Mott
transition

metastable state, 361, 369

Mg, 185-6, 272, 330

Mg precursors, 222-3

migration, see surface migration

minority carrier, 122

minority carrier lifetime, 667

mobility, see drift mobility, Hall mobility

mobility of free carriers, 192, 231, 240, 247,
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398404, 407-10, 460-2
mobility of impurity ions, 309-10
modulation doped heterostructure, see

heterostructure
modulator, 480-1
molecular beam, 154
molecular-beam epitaxy, 13746
Mott criterion, 35-6
Mott density, 36
Mott transition, 34-7
multiphonon recombination, 68-71
multiple valleys, see subsidiary minima
multiwafer system, 153

native defects, 267--301

Nd, 390-1

negative-U center, 364

net capture rate, 65
non-linear screening, 30, 33

0, 203, 389-90

O-level, 365

ohmic contacts, 276, 463-5

ordered impurity distributions, 43, 462

organometallic compounds, 150-61, 21947

organometallic molecular-beam epitaxy, see
chemical-beam epitaxy

organometallic vapor-phase epitaxy, 153

orientation, 283-5

oxygen implantation, 389

parabolic quantum well, 440

Pauli principle, 16, 49, 80

Pb, 202

persistent photoconductivity, 74-5, 358-9

persistent photocurrent, see persistent
photoconductivity

phase space filling, see Burstein-Moss shift

photocapacitance, 369-70

photocurrent spectroscopy, 523

photoluminescence, 509

Po, 207

Poisson distribution, 296

Poole-Frenkel effect, 75-7, 502

Poole-Frenkel energy, 76

p-orbital, 2, 372

Pr, 390-1

pressure, see vapor pressure

pressure controller, 146, 151

principle of detailed balance, 61

projected range, see range

projected straggle, see straggle

pump, 145, 152

quantization of angular momentum, 8§, 11

quantization of energy, 10~18, 395-7, 421-2,
423-32, 43445
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quantization of energy in doping superlattice,
415-22

quantum barrier, 422-32

guantum number, 13, 16

quantum well, 42232

radiative recombination, 71, 510-20

Raman characterization, 5257

random impurity distribution, 43, 296, 462

range, 264-7

rare-earth impurities, 390-1

rate equations, 257

reaction zone, 163

reactor design, 156

recombination, 60; see also Auger
recombination, cascade recombination,
multiphonon recombination, radiative
recombination, Shockley-Read
recombination

redistribution effects, 306-53

redistribution effects in delta-doped
semiconductors, 454-8

Rydberg energy, 10

S, 203-5, 335

S precursors, 241-3

saturation, 189, 302, 459

saturation regime, 1234

sawtooth superlattices, 412-2, 471-81

scattering mechanisms, 4014

Schottky defect, 318-19

Schrédinger equation, 15, 423

screened Coulomb potential, 28, 31

screening, 27-34

screening radius, see Debye screening radius,
Thomas-Fermi screening radius

Se, 205, 271, 292, 335

Se precursors, 2434

secondary ion mass spectrometry, 532-5

segregation, see surface segregation, first-
order surface segregation, zero-order
surface segregation

selectively doped heterostructures, see
heterostructures

self-consistent calculation, 440-2

self diffusion, 251, 34953

semiconductor statistics, 78-136

semi-insulating InP, 379, 385, 387-8

semi-insulating GaAs, 366-7, 374, 379,
385-7

shallow acceptor, 6, 21-5

shaltow donor, 6, 18-21

shallow impurity, 6-53

Shockley—Read recombination, 64

Shockley-Read recombination rate, 66, 508

short range potential, 26, 55

Shubnikov—de Haas oscillation, 406
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shutter, 142-3

Si, 192-8, 271, 292, 332, 458

Si precursors, 233-8

SIMS, see secondary ion mass spectrometry

SIMS resolution, 448-50

small lattice relaxation, 72-3

Sn, 200-2, 276, 292, 334

Sn precursors, 238-241

Sommerfeld fine structure constant, 10

solubility, 304-5

source zone, 161

s-orbital, 2-3, 372

spacer layer, 395, 398, 404-5

spin, 13-14, 49, 104

sp>-bonded impurity, 59

stagnant layer, 159-60

Stark effect, 13

Stefan-Boltzmann law, 174

strain, 3045, 536

straggle, 264-7

subband energies of delta-doped
semiconductors, 438-9

subband energies of parabolic wells, 440

subband energies of triangular wells, 397,
437-9

subsidiary minima, 27, 85

substitutional diffusion, 31718

substitutional-interstitial diffusion, 321-4

substitutional impurity, 1

substrate holder, 1434

substrate orientation, see orientation

substrate rotation, 217

substrate temperature, 143-5, 155, 189,
196-7, 252, 256-7, 281, 456

superlattice, see doping superlattice

superlattice interdiffusion, see impurity-
induced layer disordering

surface equilibrium, 251-2, 279

surface migration, 337-49, 410-12

surface segregation, 202, 337-49

surface states, 54, 293, 343

surface structure, 284

surface vacancy concentration, 252-3

tail states, see band tails

Te, 206, 292, 336

Te precursors, 244-7

tetrahedral bonds, 58, 363

thermal decomposition, 210

thermal line broadening, 519

thermally stimulated capacitance, 5038
thermally stimulated current, 503-8
thermocouple, 141

thermodynamics, 249

thermodynamic distribution coefficient, 259
thickness uniformity, 218
Thomas-Fermi screening radius, 31, 490

Innoscience1366-00139301

RX-0255.628



337-TA-1366

606

three temperature method, 137, 368

transport, 45862, 4734

trap, see deep level

TSCAP, see thermally stimulated capacitance
TSC, see thermally stimulated current
two-dimensional electron gas, 392-8
two-dimensional screening, 33

two-donor model, 124, 355-9

uncertainty relation, 567, 80

uniformity, see deping uniformity, thickness
uniformity

Urbach tail, 418, 523

V/II flux ratio, 189, 196, 199, 281
van der Pauw technique, 485
vapor-phase epitaxy, 161

vapor pressure, 140, 154, 157
variational calculation, 395-7, 43740
Vegard’s law, 53940
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viscous flow, 154
V-shaped quantum well, 43743

wave function, see Fang-Howard wave
function

wave functions of hydrogen atom, 14-17

wave functions of hydrogenic impurities, 3,
14-17

wave functions of impurities in guantum
wells, 425

X-ray characterization, 53540

Yb, 390-1
Yukawa potentials, 32

Zeeman effect, 13

zero-order surface segregation, 338-9
Zn, 186-8, 276, 292, 330, 457

Zn precursors, 223-7
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