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— — vapor-phase growth 259, 264-267

— of nucleation 188
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— thin-film deposition, laser ablation 236

lattice

— expansion 34

— mismatch 211

layer(s)

— amorphous layer 66, 70

— atomic layer epitaxy (ALE) / deposition
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— Boltzmann-Matano analysis  93-96
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mean-square average velocity 3, 7
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— analytical model 335-336

— comparison with experiment 336-338

— computer modeling 333-334

— crystallization of glass 338

— experiment 331-333

nuclear

— collision 63, 70

— decay 158

— stopping 62

nucleation 175-201, 328

— assumption in the classical nucleation
theory 188-189

— Avrami exponent 200

— Becker-Dring analysis (see there) 183-188

— cavitation 193-194

— — re-entrant cavities 194-195

— cloud seeding to induced rainfall 195

— crystallization, industrial 195-196

— grain refiners 196

— growth, nucleation-limited 303

— heterogenous 175, 190-197



— homogenous 175-190

— of ice in water 192

— Johnson-Mehl-Avrami equation 197-201

— kinetics of 188

— lore, nucleation 192-193

— of layers 273-275

— — rate of new layers 274, 301

— of a precipitate particle 189-190

— rate of 183-185, 187, 190, 198, 209

— residues 196-197

— by scratching 193

— supercooling to homogenous nucleation
temperature 168

— surface nucleation 206-210

— — cluster formation 207-209

— — nucleation on a surface during vapor

deposition 206-207

— — rate equations  209-210

— surface-free energy 181-183

— theory 286

— Turnbull’s droplet experiment 179-181,
190

— in vibration 192

— Volmer analysis 176179

— Volmer-Weber model 189

numerical methods, mathematics of diffu-
sion 90-93

nylons 308

o

Onsager fluctuation dissipation theorem 277

operating point 114-116

optical isolators 212

order-disorder transition 170, 283

ordering 314

— alloy 284

— ordering vs. phase separation 323

orientation texture, preferred 236

Ostwald ripening 341

outgassing 85, 158

oxide

— Boron oxide 121

— field oxide 20, 58, 98

— high melting point oxide 122

— layer 20, 57-58, 98

— — oxide layer growth 67, 97, 100

— patterned 97

— zinc oxide 238

oxygen

— precipitation of 57, 179

— sensors 36

— in silicon 57

— SIMOX (silicon implanted with oxygen)
71

Subject Index

p
p/n junction 38, 84

Papapetrou 354

parabolic dendrite tip 356

particle-size distribution 342

peanut butter 247

pearlite 363

- in iron-carbon alloys 371

Peclet number 354

PECVD (plasma-enhanced chemical vapor

deposition) 241

perturbation 353

— of the interface 149

PET (polyethylene terephthalate) 309

phase

— changes 165-171

— — first-order 165-169

- — second-order 169-171

— diagram 129

— —alloys 313, 317-319

— — cadmium-tellurium 127

— disordered phase 171

— equilibria 165-173

— —alloys 313-314

— — critical point between liquid and vapor
172-173

— eutectic phase diagram 319

— formation of the new phase 197

— gas-phase diffusion 53

— intertwined phases 330

— ordered phase 171

— segregation during a phase change

129-130

— separation 315, 323-330

— — analytical model for spinodal decompo-
sition 326-328

— — microstructure 328-330

— — ordering vs. phase separation 323

— — phase separation 324-326

— solid-phase

— — epitaxial regrowth 66

— transformations 109-116

— — casting of metals 113-114

- — diffusion-limited growth 111

— — kinetics of first-order phase transforma-
tions (see there) 259-281

— — operating point 114-116

— — thermally-limited growth 111-113

— — third-order phase transformation 170

— — transformation-rate-limited growth
109-111

— vapor-phase growth 126, 292, 298

— volume fraction of phase 329

phase-field modeling, dendrites 358
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Subject Index

phosphorus

— diffusion in silicon 49-50

— electrically active phosphorus 50

phosphorus-vacancy complex 49

photoresist stripping 251

planar interface growth in a thin-cell 146

planetary reactor 231

plasma 235, 241-252

— DC (direct current) plasma 235, 241-243

— deposition 218

— ECR (electron cyclotron resonance) 251

— etcher / etching 245-248

— — anisotropic etching 245-246

— — parameters 247

— — reactive ion etching (see RIE) 241, 245,

248-250

— — selective etching 245

— ion milling 252

— magnetron sputtering 249-250

— reactors 247-249

— — Barrel reactor 247

— rf (radio-frequency) plasma 235, 243-244

— spraying 217

plasma-enhanced chemical vapor deposition
(PECVD) 241

platinum

— catalyst 162

— hydrogen in 30

point-defect generation in silicon 53-56

polybutene-1, spherulitic growth 306

polycrystalline deposit 218

polyethylene terephthalate (PET) 309

polymers

— crosslinked polymer 24

— diffusion in 24-25

— thermoplastic 24

— thermoset 24

polypropylene 309

polysilicon 58, 72, 119, 134, 217, 248, 258

power-transmission devices 122

precipitate particle, nucleation of 189-190

probability distribution 75, 77

pyrometer 256

q
quartz 20

— crystals 125
quasi-equilibrium model 163-164

r

radial

— distribution function 260
— temperature gradients 257
radiative heating 254-255

radioactive isotope 36

radio-frequency (rf) plasma 235, 243-244

radius, critical 275

rainfall, induced, cloud seeding 195

random walk 75-77

rapid thermal processing (see RTP) 253-258

rate limiting process 231

reaction

— path  155-157

— — surface layers 208

— rate / chemical reaction rate theory 100,
155-173, 343

— — catalysis  162-163

— — constant 157

— — equilibrium constant 155

— — experimental determination of the order

of a reaction 158-160

— — growth, reaction time-limited 232

— — net rate of reaction 160-162, 164

— — order of a reaction 157, 159-160

— — quasi-equilibrium model 163-164

— — theory 259, 312

— transition state theory 157-158

recombinant energy 52

recombination-enhanced diffusion 52-53

re-entrant cavities 194

reflection high energy electron diffraction
(RHEED) 213, 238

regular solution 317

renormalization group theory 287

reptation 25

residues, nucleation from 196-197

rf (radio-frequency) plasma 235, 243-244

RHEED (reflection high energy electron dif-
fraction) 213, 238

RIE (reactive ion etching) 241, 245, 248-250

— chemical species used for RIE 249

— magnetically enhanced RIE (MERIE) 250

ripening (see also coarsening / ripening)
341-349

— Ostwald ripening 341

rock salt, gold on 212

rod microstructure 362

root mean square

— displacement 76

— velocity 3,7

rotational order 293

RTP (rapid thermal processing) 253-258

— equipment 254

— laser heating 258

— radiative heating 254-255

— temperature measurement 256-257

— thermal stress 257-258

Rutherford backscattering 62, 67-68



s

salol 19

— crystals 196, 274, 283

sapphire, silicon on (SOS) 211

scanning tunneling microscopy (STM) 37,
210, 213-214, 349

Scheil equation 131-133, 138, 141

Schwoebel effect 38

scratch smoothing, coarsening  348-349

screw dislocations, growth on 275-277

secondary ion mass spectroscopy (SIMS) 36

second-order reaction 159

secret writing 197

seed crystal 119

segregation | segregate 129-142

— Burton, Primm and Schlicter (BPS) analysis
139-142

— diffusion at a moving interface 134-138

— during a phase change 129-130

— to grain boundaries 139

— Lever rule 130-131

— Scheil equation 131-133, 138, 141

— segregate in grain boundries 38

— in three dimensions 139

— zone refining 133-135

Sekerka and Mullins linear instability analy-
sis  149-152

self-aligned process 59

self-diffusion coefficients 29

semiconductor(s)

— compound 51, 134, 232, 337

— diffusion in  45-59

— — arsenic diffusion in silicon 50

— — boron diffusion in silicon 50-51

— — phosphorus diffusion in silicon 49-50

— — recombination-enhanced diffusion

52-53

— — vacancy diffusion in silicon 47-49

— — zinc diffusion in GaAs 51-52

— doping of (see there) 53, 58-59

— gettering 57-58

— grade 120

— intrinsic 46

— migration in a temperature gradient 56

— oxygen in silicon 57

— point-defect generation in silicon 53-56

separation of variables 85-90

shallow

— acceptors 46

— donors 46

shouldering 119

Siemens process 134

silane 134, 204, 211, 230

— chloro-silane 211

Subject Index

silica 20, 68

— crystallization rate 110

— deposited 214

silicates 20

silicides 248

— conductors stripes 253

— titanjum silicide 253

silicon 20-22, 37, 119, 257, 336

— aluminium-silicon alloy 365

— amorphous, crystallization rate of 216

— arsenic diffusion in 50

— boron diffusion in  50-51

— copper in 30

— Czochralski silicon 56-57, 210

— Dash dislocations in silicon 119

— deposited 214

— dioxide 97

— dopants in 31

— epi layers 230

— growth rates

— — computer simulations 302-304

- — for (100) silicon 270

— liquid silicon 270

— MBE (molecular beam epitaxy), silicon by
211

— nitride 241

- nucleus 68

— oxygen in silicon 57

— phosphorus diffusion in  49-50

— point-defect generation in silicon 53-56

— polysilicon 58, 72, 119, 134, 217, 248, 258

— precipitation of oxygen in silicon 179

— reconstruciton 213

— on sapphire (SOS) 211

— silicon (111) facets 119

— SIMOX (silicon implanted with oxygen)
72

— Stillinger-Weber potential 15

— surface of 213

— vacancy diffusion in  47-49

silicon-germanium alloys 224

silicon-on-insulator 71-72

silver 38

— iodide 195

Simmions and Baluffi experiment 34-35

SIMOX (silicon implanted with oxygen) 71

SIMS (secondary ion mass spectroscopy) 37

sintering, coarsening 345-346

sinusoidal fluctuation 281

SiO, precipitate 57

site distribution funciton 273

slider assembly 229

slope of the liquidus 144, 150, 317

smart cut 72
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Subject Index

snow flakes 294-295

soap films 346

solid-phase epitaxial regrowth 66

solubility parameter 24

solute-trapping 335-336

solution

— alloy model, regular 314, 318, 324

— growth methods of crystals 124-126, 259

— — from aqueous solutions 125

— — flux growth 125

— — hydrothermal growth 125-126

— model, regular 314

solvability condition 356

sono-luminescence 194

SOS (silicon on sapphire) 211

spalling 219

spherical

— coordinates 82

— precipitate 102

spiky crystals 306

spin glass 286

spinodal decomposition 323-324, 326-328

— analytical model for 326-328

spiral growth 275

splat quenching 331

spreadsheet solution 92

sputter / sputtering 61

— deposition 235

— magnetron sputtering 235, 249-250

stability condition 356

stacking faults 54, 57

— extrinsic 57

steady-state

— boundary layer 138

— diffusion 102, 105, 135, 139, 151, 344

— — cylindrical coordinates 105

— — spherical coordinates 102, 105

— solutions  97-100, 135, 143, 353

— — one-dimentional 97

steel alloy 365

Stefan’s

— constant 254

— problems 97-107, 353

— — deal-grove analysis 100-102

— — diffusion-controlled growth 102-105

— — steady-state solutions 97-100, 353

step site, repeatable 288, 296

Stillinger-Weber potential for silicon 15, 269

Stirling

— approximation 77

— expansion 289

STM (scanning tunneling microscopy) 38,
210, 213-214, 349

stoichiometry / stoichiometric 35-36

— composition 127

— crystal growth 126-127

Stokes-Einstein relationship 25

straggle 63, 93

strained-layer growth, surface layers
223-224

— coherent strained-layer 219

— graded-strain layers 224

— strained-layer superlattice 223-224

— surface modulation 223

strain-field, elastic 221

Stranski-Krastanoff growth 213

stress(es)

— concentrators 223

— suface stresses 181

— thermal stresses 119, 257-258

succinonitrile 352

— borneol 366

— dendritic growth 356

sulfur 293

supercooling (see also cooling) 167

— constitutional 143-148

— homogenous nucleation 168

- of liquids 192

— of water 190

superheat 167

— crystalline phase, superheated 167

— steam, superheated 125

SUPREM (Stanford University Process En-
gineering Module) 67, 81

surface

— boundary condition, initial surface con-
centration 91-92

— cleanliness 214

— coverage 209-211

— diffusion 37-38, 207, 346, 349

— fluctuation 281

— flux, specified at surface 89

— layers 203-225

— — amorphous deposits 214-216

— — CVD growth by a surface-decomposition

reaction 204-205

— — fractal deposits 217-219

— — Langmuir adsorption 203-204

— — Langmuir-Hinshelwood reaction 205

— — misfit dislocations 219-223

— — strain energy 219-223

— — strained-layer growth (see there) 223-224

- — thinfilms 210-213

— — — deposited surface layers 212-213

— — — epitaxy (see there) 210-212

— migration 37

— modification 217

— surface modulation 223



— nucleation (see there) 206-210

— reconstruction 181, 213-214

— relaxation 181

— stresses 181

— tension 150, 152, 182, 281, 299, 343, 346,
355, 368

surface-free energy 181-183

surface-roughening transition 260, 283-309

— cooperative processes 285-287

— equilibrium surface structure 287-298

— Ising model 284-285

— Monte Carlo computer simulations
287-288

— surface roughness 283, 287

— temperature 286

— transition 260, 283-309

t

TBC (thermal barrier coating) 219

Temkin crystallization 333

temperature (see also thermal; see also heat /
heating) 2

— critical temperature gradient 145, 169, 285

— Curie temperature 169

— fictive 23-24

— fluctuation 382

— gradient

— —radial 257

— — typical 148

— measurement 256-257

— migration in a temperature gradient 56

— supercooling to homogenous nucleation
temperature 168

— surface-roughening temperature 286

tertiary butyl alcohol 304

tft (thin-film transistors) 217

thermal (see also temperature; see also heat /
heating)

— analysis 355

— conductivity 8, 12, 78

— differential thermal analysis (DTA) 197

— field 111, 152

— growth, thermally-activated 272

— rapid thermal processing (see RTP)
253-258

— spike 65

— stresses 119, 257-258

— TBC (thermal barrier coating) 219

thermally-activated transformation 364

thermally-limited growth 111-113

thickness, critical 222

thin-film 126, 210-213, 227-239

— deposition 227-239, 308

Subject Index

— — atomic layer epitaxy (ALE) / deposition
(ALD) 238-239

— — growth configurations for LPE 228-229

— — laser ablation 236

— — liquid phase epitaxy (LPE) 227-228

— — metallization 235-236

— — molecular beam epitaxy 236-238

— —rates 126

— — sputter deposition 235

— surface layers 210-213

— — deposited surface layers 212-213

— — epitaxy (see there) 210-212

— transistors (tft) 217

Turnbull’s

— droplet experiment, nucleation 179-181,
190

—rule 180

time

— constant 278

— correlation function 278, 302

— trajectory 259

titanium silicide 253

topological defect 347

torroidal flow 122

transformation

— diffusionless 333

— kinetics of first-order phase transforma-
tions (see there) 259-281

— rate of 197

— thermally-activated transformation 364

— volume fraction, transformed 198

transformation-rate-limited growth 109-111

transient, initial and final 137-138

transistors

- CMOS 58

— thin-films 217

transition

— order-disorder transition 283

— state theory 157-158

— surface-roughening transition (see there)
260, 283-309

TRIM program 65

tri-methyl gallium 205

TTT plot 364

Tungsten halogen lamps 254

turbine blades 385

Tyndall figures 168-169

u

UHV (ultra-high vacuum) 37, 237
ultra-high vacuum (UHV) 37, 237
ultrasonic bath 194

universality class 285

up-hill diffusion 326
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Subject Index

v

vacancy 28-34, 49, 53
— charge states of 48
— concentration 29

— diffusion 28-30

— —in silicon 47-49
— energy level of 47

— equilibrium concentration 28-30, 32-34

— formation energy 28

— motion energy 29

— phosphorus-vacancy complex 49
— source / sink of 32

vacuum, ultra-high (UHV) 37, 237
valence

— band 45
— states 45
vapor

— chemical vapor deposition process (see

CVD) 204-205, 211, 229-233
— cloud 236

— critical point between liquid and vapor

172-173
— equilibrium vapor pressure 266

— nucleation on a surface during vapor de-

position 206-207
— physical vapor deposition 234-235

— plasma-enhanced chemical vapor deposi-

tion (PECVD) 241
— pressure 203, 235

vapor-phase growth 126, 259, 264-267, 292,

298
— kinetics of 265
velocity, average of 3,7, 11
view factor 255
viscosity 8, 19, 23, 25, 268, 274
voids 41-42
— Kirkendall 39
Volmer analysis, nucleation 176-179

Volmer-Weber

— growth 212

— model, nucleation 189
volume fraction

— of phase 329

— transformed 198
VYCOR 324

w

water

— bonding 72

— nucleation of ice in water 192
— ordinary tap water 192

— supercooled 190

wetting angle 191

Whisker growth 39-40

Wilson

— growth rate of a crystal 268
— vapor melt growth 263

X
X-ray fluorescence 36
x-y model 286

z

Zener 371

zero flux boundary condition 93
zinc

— diffusion in GaAs 51-52

— oxide 238

zirconia / zirconium 36

— calcium-stabilized 36

— oxide 219

— yttrium-stabilized 36
Zn-MgZn, 366

Zn-Mg,7n;; 366

zone refining, segregation 133-135



Subject Index
Index by Chapter Sections

a

active growth sites, 20.4, 20.5, 20.18, 20.19,
22.2

activity, 22.1, 22.6

adsorbed layer, 4.13

adsorption

— energy, 16.2

— chemical, 15.20

alloys, 22, 24

amorphous materials, 3.16

— deposits, 16.14

— layer, 6.6, 6.11

anisotropic crystal growth, 12.13, 20.3,
20.17, 21.19, 21.23, 26.3, 26.9

argon, 2.5, 2.6

Arrhenius, 1.1

arsenic in Silicon, 5.8

atomic collisions, 1.7

atomic force microscopy (AFM), 4.13

atomic layer epitaxy, 17.13

autoclave, 10.10

automatic diameter control, 10.3

Avogadro’s number, 1.4

average velocity, 2.1, 2.2

Avrami exponents, 15.30

axi-symmetric growth, 10.7

b

backscattered yield, 6.10, 6.12
bamboo structure, 4.19

barrel reactor, 17.4, 18.8
Becker-Déring analysis, 15.10, 15.16
benzil, 21.27, 27.8

B parameter, 24.3

Boltzmann, 1.1

— distribution, 1.4

— factor, 1.1, 13.5, 20.10

— constant, 1.4
Boltzmann-Matano analysis, 7.23
bond energies, 22.5, 23.1

Kinetic Processes. Kenneth A. Jackson

boron in Silicon, 5.8

boron oxide, 10.6

boundary layer, 11.10, 11.13, 12.3, 17.6,
25.3, 27.15

Bragg-Williams, 21.18

Bridgman growth, 9.4, 10.7

bubbles, 25.8

Burton, Primm and Schlicter, 11.13

c

Cahn and Hilliard, 23.5

capture length, 16.6

carrier concentrations, 5.2

castings, 9.5,15.25, 25.6, 28

— chill zone, 28.1

— columnar region, 28.1, 28.5

— equiaxed zone, 28.1

catalysis, 13.9

cavitation, 15.22

Cd-Te alloys, 10.12

cellular growth, 12.5, 27.22

chain-folding, 21.30

channeling, 6.9, 6.14

charge neutrality, 4.11

chemical etching, 18.7

chemical potential, 15.17, 17.5, 20.4, 22.1,
22.6, 24.5

chemical vapor deposition, 16.9, 17.3,17.14

chlorosilanes, 17.4

Clausius-Clapeyron equation, 20.7

cloud seeding, 15.24

cluster

— distribution, 15.10, 16.8, 25.3

— of atoms, 15.2, 16.7, 20.18, 25.1

— of adatoms, 16.8

— formation, 16.6

CMOS transistors, 5.16

coarsening, 25

— in a solution, 25.3

— of dendritic structures, 25.4
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Subject Index

coincidence site boundary, 25.10

collisions, 2.1, 2.3, 2.4

compound semiconductors, 5.3, 5.9, 11.7,
17.6, 24.8, 25.10

concentration distribution, 4.21, 5.6, 5.11,
5.18, 7, 8,9.3, 11, 12, 27.12

conduction band, 5.1, 5.10

conductor stripe, 4.19

congruent melting composition, 10.11

constitutional supercooling, 12.1, 12.8

continuous casting, 9.5

convective flow in a melt, 11.10

cooperative processes, 21.3

covalent crystals, 4.11

critical cluster size, 15.14

critical exponent, 21.3

critical opalescence, 23.2

critical point, 10.10, 14.6, 15.1, 15.17, 21.2,
21.17, 23.2, 28.5

critical radius, 15.3, 20.21, 25.1, 25.11

critical temperature, 12.3, 14.6, 21.2

critical thickness, 16.23

crystal growth

— efficiency, 17.7

— fluctuation in growth rate, 11.10

— on srew dislocations, 20.20

— rate of growth, 20.3

— vapor phase, 10.11, 20.2, 20.7, 21.18

crystal growth habit, 21.13

crystal growth methods, 10.1

— aqueous solutions, 10.9

— Chalmers method, 10.8

— horizontal gradient freeze, 10.9

— hydrothermal growth, 10.10

— solution growth, 9.2, 10.1, 10.9, 11.17,
12.13, 17.1, 20.1

— vapor phase, 10.11, 16.28, 20.1, 20.9, 21.12

— vertical gradient freeze, 10.9

crystallization

— of glasses, 9.1, 24.9

— of amorphous silicon, 16.16

— of silica, 9.2

Curie temperature, 14.6, 21.2

curvature of the interface, 27.8

CVD

— growth, 16.2

— reactors, 17.4

Czochralski growth, 5.14, 9.4, 10.1, 10.13,
11.7, 16.9, 21.26

— diameter control, 10.3

— of silicon, 5.13

— liquid encapsulated, 10.5

— crystal rotation, 10.3, 10.10

— shouldering, 10.3

d

dangling bonds, 3.2

DDT, 21.28

Deal-Grove analysis, 8.4

— coefficients, 8.6

Debye frequency, 13.4, 13.11

delta doping, 4.12

delta lattice parameter model, 22.12

dendrite growth, 9.6, 11.12,12.6, 21.14,
21.27, 26

— re-melting, 28.2

— solvability condition, 26.8

density of growth sites, 20.4, 20.19, 21.6,
21.11

density of states, 5.1

denuded zone, 5.16

deposition rates, 10.11

diamond cubic, 3.4

difference equation, 7.20

diffusion, 2,3,4,5,7,8,9.3,11.7, 26.4, 27.11

— coefficients, 1.9, 2.2, 3.2, 3.8, 4.2, 4.11,
4.21

— — concentration dependent, 7.23

— in liquids, 2, 11.16, 12.14, 20.15, 24.3

— —in silicon, 4.6

— couple, 4.12, 4.21,7.11, 7.25, 27.1

— distance, 2.3,7.12,7.21,8.7, 11.10, 11.17,
12.10, 27.23

— equation, 7.3, 7.20

—inagas, 2.1

— amorphous materials, 3.1

— in crystals, 4

— in eutectics, 27.11

— from a surface, 7.8

— in grain boundaries, 4.14

— in polymers, 3.7

— in semiconductors, 5

— jump distance, 2.3, 20.11, 20.15

— diffusion limited growth, 8.7, 9.3

— — precipitatation, 8.7

— measurement 4.12

— mechanisms, 4.2

— self diffusion, 4.4, 4.12

— — coefficients, 4.4

— solutions to the diffusion equation, 7, 8,
11, 12.1, 26.4

— — cylindrical coordinates, 7.8, 7.18, 8.11

— — flux specified, 7.17

— — one dimensional, time dependent, 7.20,

11.7

— — separation of variables, 7.13

— — spherical coordinates, 7.9, 7.18

— — steady state diffusion, 8.7, 11.12, 12.2,

12.11, 25.4



— — — initial and final transients, 11.11

— — moving interface, 11.7

— surface diffusion, 4.13, 16.6, 25.7, 25.10

—up-hill, 234

diffusionless transformation, 24.3

dislocation core, 16.21

—loop, 16.23, 16.24

— in silicon, 10.3

disordered phase, 14.9

dissociation, 18.1

distribution coefficient, 12.14, 22.4, 24.15,
26.10

dopant atoms, 5.1, 5.2

doping of semiconductors, 5.10

drift component, 4.11

drive-in, 5.10, 7.8

driving force for a phase transformation, 9.1

Duwez, 24.1, 24.10

e

EDAX, 4.12

effusion cells, 17.12

Einstein relation, 4.11

elastic strain field, 16.21

electrically active dopants, 19.1

electroless nickel, 16.14

electromigration, 4.16

electron cyclotron resonance, 18.11

emissivity, 19.2

emitter push, 5.7

end of range, 6.3, 6.10, 7.22, 7.26

energy loss, 6.2, 6.9, 6.11

— spectrum, 6.8, 6.12

entropy

— of fusion, 21.10, 21.18, 27.19

— difference, 13.9, 14.10, 16.14, 20.10, 21.18

- of mixing, 4.7, 22.1, 22.9, 22.13

epitaxy, 16.9, 17.11, 22.13

— coherent strained layer, 16.19

— Frank-Van der Merv growth, 16.12

— graded strain layers, 16.25

— heteroepitaxy, 16.10

— homoepitaxy, 16.9

— semi-coherent, 16.19

— strain energy, 16.19

— strained layer growth, 16.24

— strained layer superlattice, 16.24

— Stranski-Krastanoff growth, 16.12

— Volmer-Weber growth, 16.11

equilibrium boundary angles, 27.10

equilibrium concentration of vacancies, 4.3,
4.9

equilibrium constant, 13.1, 13.9, 13.12

error function, 5.11, 7.10

Subject Index

etching

— anisotropic, 18.6

— reactive ion etching, 18.1,18.5,18.9,18.11

— selective, 18.5, 18.6, 18.7

eutectic, 11.12, 22.11, 27, 28.5

— classes of, 27.2

— colonies, 27.22

— coupled growth, 27.16

— interface shape, 27.14

— lamellar microstructure, 27.3, 27.14,
27.18, 27.21

— off-composition, 27.15

— phase diagram, 22.11, 27.16

— rod microstructure, 27.2

excitation, 18.1

explosive crystallization, 16.16

extrinsic gettering, 5.16

facet effect, 24.2

faceted growth, 21.1, 21.27, 26.9

Faraday dark space, 18.3

Fermi energy, 5.1

ferromagnet, 14.6, 21.1, 21.5

Fick’s law, 2.2, 4.1, 7.3, 8.3, 23.4

fictive temperature, 3.6

field oxide, 3.4, 5.16

floating zone, 10.6

fluctuation dissipation theorem, 20.22, 21.5,
21.22

flux growth, 10.10

focusing collision, 6.5

Fourier series, 7.15, 7.18

fractal deposits, 16.17

— columnar region, 16.18

Frank, Charles, 16.12, 20.20, 21.5, 21.31

free energy of a step, 21.19, 21.22

free energy to form a cluster, 15.3

free volume model, 3.6

freezing point depression, 22.8

Frenkel, 20.11, 20.28

g

gallium arsenide, 5.9, 16.3, 16.10, 16.25,
17.1, 17.6, 17.13, 18.10, 19.5, 22.12

— zinc in GaAs, 5.9

gallium nitride, 16.10

garnets, 10.10, 16.11, 17.2

gas constant, 1.4

Gaussian, 5.11, 7.5, 7.23

germanium, 3.4, 6.8, 8.1, 10.3, 16.14, 16.25,
24.7

gettering, 5.15

Gibbs free energy, 14.1

405



406

Subject Index

Gibbs-Thompson effect, 12.9, 15.7

glass, 3.1, 3.5, 4.13, 5.10, 5.15, 9.1, 14.6,
16.14, 19.6, 20.11, 23.2, 23.9, 24.9, 25.7

— molecular glass formers, 3.1

- network glass-formers, 3.1

— network modifiers, 3.4

— transition, 3.5

glycerin, 15.22

gradient energy, 23.5

grain boundaries, 4.13, 25.9

— coarsening, 17.11

— growth, 17.10, 25.7

— high angle, 4.14

— preferred orientations, 17.11, 28.1

— refiners, 15.25

— size, 4.16, 15.25, 16.17, 17.10, 28.5

gravitational field, 1.5

heat flow, 7.5, 10.2

— thermally limited growth, 9.3

h

helix, 21.30

ice, 15.21, 21.13

ideal alloys, 22.1, 22.5

ideal gas, 1.2

industrial crystallization, 15.24
interface instability, 11.16, 12
— analysis, 12.8

— perturbation of an interface, 12.8
interstitial atoms, 3.4, 5.11

— diffusion, 4.5

— migration, 5.14

— precipitation, 5.13

i

intrinsic gettering, 5.15
intrinsic semiconductor, 5.2
ion beam deposition, 6.1
ion implantation, 5.16, 6

— damage, 6.4, 6.7

— concentration profile, 7.22
ion interactions, 6.2

ion milling, 18.12

ionic crystals, 4.11
ionization, 18.1

Ising model, 21.1, 21.17
Ivantsov, 26.6

J
Jackson alpha factor, 21.8

Johnson-Mehl, 15.26
Johnson-Mehl-Avrami, 15.28

k

Kaufman ion source, 18.13

kinetic coefficient, 20.16, 20.23, 20.26,
21.22, 22.9, 26.3

kinetic driving force, 20.5

kinetic energy, 1.3

kinetic phase diagram, 24.9

kinetic roughening, 21.27

kink site, 20.17

Kirkendall effect, 4.14

— voids, 4.15

Knudsen, 16.4, 17.9, 20.5, 20.28, 21.32

—cell, 17.8,20.8

Kossel-Stranki model, 20.16, 21.1

k-value, 11.1, 11.15, 12.7, 12.14, 24

— effective k-value, 11.5, 11.13

I

Langmuir adsorption, 16.1, 21.15

Langmuir-Hinschelwood Reaction, 16.3

laser ablation, 17.11

— heating, 19.6

— melting, 24.2

latent heat, 4.4, 9.4, 10.2, 12.9, 14.1, 15.2,
15.26, 15.31, 20.2, 20.6, 20.10, 20.16, 20.25,
21.6, 21.13, 26.2

lattice mismatch, 16.10

LEED, 16.13

Legendre polynomials, 7.18

Lennard-Jones potential, 2.4, 20.12

lever rule, 11.2

Lindeman theory, 14.3

liquid crystals, 16.17, 19.6, 21.13

liquid phase epitaxy, 17.1

— dipping, 17.2

— slider, 17.2,17.3

— tipping, 17.2

lithium disilicate, 20.21

lithium niobate, 4.11

low pressure CVD, 17.4

Lucolux, 25.7

m

macroscopic shape of crystals, 20.2

— macroscopic facets, 21.1, 21.17

magnetically enhanced RIE, 18.11

magnetron sputtering, 18.10

mean free path, 1.9, 2.1, 4.1, 17.4, 18.2,
18.12, 20.11, 20.14

mean free time, 2.1

mean time to failure, 4.20

melt growth, 10.1, 12.7, 12.14, 20.1, 20.5,
20.10, 20.15, 21.13, 21.17, 21.24

— kinetics, 20.12



melting point, 1.2, 2.5, 3.1, 4.4, 4.10, 5.14,
9.6, 10.5, 12.2, 12.14, 13.10, 14.1, 15.2,
15.15, 15.23 16.14, 16.16, 17.1, 17.11,
20.10, 20.20, 20.25, 21.13, 21.18, 21.23,
21.26, 21.30, 22.3, 25.7, 26.2, 27.17

metallic glasses, 3.1, 16.14, 24.1

metallization, 17.10

metal-organic chemical vapor deposition,
17.7

microprobe, 4.12

microscopic reversibility, 20.1

microvoids, 5.13

misfit dislocations, 16.19

molecular beam epitaxy, 16.10, 17.11

molecular dynamics, 2.4, 6.5, 14.3, 20.1,
20.5, 20.12, 20.24

Monte Carlo computer simulations, 15.17,
16.9, 20.5, 21.5, 21.22, 24.4, 24.7

moving boundary problems, 8.1

Mullins and Sekerka, 12.8

n

nearest neighbor interactions, 21.24

net rate of reaction, 13.8

Newton’s equations, 2.5

Newton’s law of cooling, 13.5

noise, 1/f, 4.17

nominal operating point, 9.7

non-equilibrium crystallization, 24.1

— distribution coefficient, 24.6

normal freezing, 11.3

nuclear collision, 6.2, 6.10

nucleation, 15, 16.5, 16.27, 21.4, 23.7

— heterogeneous, 15.1, 15.7, 15.19, 15.20,
28.1

— homogeneous, 14.4,14.5,15.4,15.21,28.1

— kinetics, 15.16

—lore, 15.21

— — scratching, 15.22

— nucleation limited growth, 21.24

— of a precipitate particle, 15.17

— of layers, 20.18

— rate of nucleation, 15.10, 15.15, 20.19,
21.21

— residuals, 15.25

numerical methods, 7.19, 7.25

— finite difference, 7.19, 7.26

— finite element, 7.19

— spread sheet solution, 7.22

— zero flux boundary condition, 7.22

o
Onsager, 20.23, 21.5
operating point, 9.6

Subject Index

order of the reaction, 13.3, 13.7

order-disorder transition, 14.8, 21.1

ordering, 1.6, 2.7, 4.3, 4.9, 4.21, 5.2, 5.10,
6.1, 6.9, 7.15, 8.1,84,9.1,9.7, 10.8, 11.10,
12.8, 13.3, 13.12, 14.1, 14.6, 15.5, 15.22,
15.28, 16.6, 16.10, 16.25, 17.1, 17.11, 18.2,
18.4, 18.12, 19.1, 20.4, 20.10, 20.19, 21.1,
21.12, 21.18, 22.5, 23.1, 24.8, 25.1, 25.2,
25.8, 25.11, 27.13

ordering alloy, 14.9, 21.2

outgassing, 7.13, 7.21

oxide layer, 3.4, 5.15, 6.7, 6.12, 8.1, 8.13

— growth, 8.1, 9.3

— patterned, 8.1

oxygen precipitation, 5.15, 15.5

— sensors, 4.12

p
p/n junction, 4.14,7.12

Papapetrou, 26.1

peanut butter, 18.6

Peclet number, 26.5

phase transformations, 9.1, 14.11, 20.1,
22.13

— diagrams, 8.9, 11.1, 11.10, 12.2, 14.10,
22.9, 22.13

— equilibria, 14.1, 22.3, 22.13

— first order, 14.1

— second order, 14.6

— third order, 14.8

phase field modeling, 26.9

phase separation, 22.6, 23

physical vapor deposition, 17.8

planar interface, 12.5

planetary, 17.4

plasma, 17.10, 18.1

— etching, 17.10, 18.5

— direct current, 18.1

— radio frequency plasmas, 18.3

— reactors, 18.8

— spraying, 16.17

— plasma-enhanced chemical vapor deposi-
tion, 18.1

point defect generation, 5.11

polymer crystallization, 21.30

— diffusion, 3.7

polysilicon, 5.16, 6.13, 10.4, 11.7, 16.17,
18.9, 19.4

power transmission devices, 10.7

pre-dep, 5.10

pre-melting phenomena, 14.4

probability distribution, 7.1, 7.10

407



408

Subject Index

q
quartz crystals, 10.10

quasi-equilibrium model, 13.11

r

radial distribution function, 20.1

radial temperature gradients, 19.5
radiative heating, 19.2

random walk, 7.1

rapid thermal processing, 19.1
rate-limiting process, 17.5

reaction path, 13., 13.9, 15.16, 16.7, 17.5
reaction rate, 8.4, 13, 17.6, 20.1, 22.2, 25.4
— constant, 13.3

— theory, 13.1

recombination enhanced diffusion, 5.10
re-entrant cavities, 15.23

regular solution, 22.5

renormalization group theory, 21.5
repeatable step site, 20.17, 21.6, 21.15
RHEED, 16.13,17.13

RIE reactors, 18.9

ripening, 25.1

root mean square displacement, 7.2
root mean square velocity, 1.4, 1.8
rough crystal surface, 20.18
roughening transition, 20.2, 21
Rutherford backscattering, 6.1, 6.7

s

Salol, 3.1, 15.22, 15.25, 20.19

scanning tunneling microscopy, 4.13, 16.9,
16.13, 25.11

Scheil equation, 11.3, 11.125

Schwoebel effect, 4.13

scratch smoothing, 25.10

secondary ion mass spectroscopy, 4.12

segregation, 9.3, 11.1

— coefficient, 11.2, 24.9, 26.10

— grain boundary, 4.14, 5.16, 11.12, 12.5,
14.4, 15.30, 17.10, 25.7, 28.5

— in three dimensions, 11.12

self-aligned process, 5.17

shallow acceptors, 5.2

shallow donors, 5.2

Siemens process, 11.7

silane, 11.7, 16.3, 16.9, 17.4

silica, 3.1

— precipitate, 5.15

— semiconductor grade, 10.5

silicide, 19.1

silicon, 2.5, 3.4, 4.12, 5.11, 5.17, 6.8, 6.12,
8.1,8.13,15.5,16.9,16.14,16.25,17.4, 18.9,
18.13, 19.5

—epi, 17.4

— facets, 10.4

— growth, 21.23

— implanted with oxygen (SIMOX), 6.12
— nitride, 18.1

— ~ on sapphire, 16.10

— oxygen, 5.14

— ~-on-insulator, 6.12

— phosphorous in =, 5.6
Simmons and Balluffi, 4.10
sintering, 25.7

site distribution function, 20.18
slope of the liquidus, 12.2,12.9, 22.8, 27.13
Smart Cut, 6.13

snow flakes, 21.13

solid phase epitaxial regrowth, 6.7
solid state doping, 5.16

solute trapping, 24.5
sono-luminescence, 15.22
source/sink of vacancies, 4.8
spherulitic growth, 21.29
spinodal, 23

— up-hill diffusion, 23.4

spiral step, 20.21

splat quenching, 24.1

sputtering, 6.1

— deposition, 17.9

— etching, 18.6

stacking faults, 5.13

Stefan Problems, 8.1
Stillinger-Weber potential, 2.5, 20.12
Stirling expansion, 7.3, 21.8
stoichiometry, 4.11, 10.11, 17.1
Stokes-Einstein relationship, 3.8
straggle, 6.4, 7.22, 7.26
substitutional atoms, 3.4
succinonitrile, 26.2, 26.7, 27.6, 27.22
sulfur, 21.13

supercool, 14.4, 15.22

superheat, 10.10, 14.3, 15.23, 17.3
SUPREM, 6.7, 7.8

surface coverage, 16.1, 16.8, 16.27, 21.15
— decomposition reaction, 16.2

— facets, 10.3

— free energy, 15.8

— hardening, 16.17

— layers, 16.1, 16.11

— migration, 4.13

— modification, 6.14

— modulation, 16.24

— nucleation, 16.4

— reconstruction, 15.8, 16.13

— surface relaxation, 15.8

surface stresses, 15.8



surface tension, 8.13,10.6,12.9,12.12, 144,
15.2, 15.5, 15.15, 15.19, 15.23, 20.3, 20.23,
20.27, 21.19, 21.23, 25.3, 25.7, 25.11, 26.3,
26.6, 26.9, 27.9, 27.11

t

Temkin, 17.14, 24.4, 24.10, 26.11

temperature, 1.2

— measurement, 19.4

tertiary butyl alcohol., 21.27

thermal barrier coating, 16.19

thermal conductivity, 1.9, 2.2, 7.5

thermal spike, 6.5

thermal stress, 10.3, 16.17, 19.5

thermally activation, 20.14, 27.4

thin films, 10.11, 16.9, 16.27, 17.14, 21.30

— deposition, 17.1

thin film transistor, 19.6

tilt boundaries, 4.14

time correlation function, 20.23, 20.27,
21.23

time trajectory, 20.1

torroidal flow, 10.7

transformation rate limited growth, 9.1

transition State Theory, 13.3

transparent analogues, 21.12

TTT diagrams, 27.5

tungsten halogen lamps, 19.2

turbine blades, 28.5

Turnbull’s Droplet Experiment, 15.6

Turnbull’s Rule, 15.7, 15.20

twin boundary, 25.9

Tyndall figures, 14.5

Subject Index

u

ultra high vacuum, 4.13, 17.12
Universality class, 21.3
vacancy, 5.3,5.11

— charge states, 5.5

— concentration, 4.4, 4.8

— diffusion, 4.2

— —in Silicon, 5.3

— motion energy, 4.3, 4.10

— formation energy, 4.3, 4.8

v

valence band, 5.1

vapor pressure, 5.11, 10.11, 16.1, 17.9, 20.7

viscosity, 1.9, 3.1, 3.6, 20.11, 20.15, 20.20,
21.3, 21.13

Volmer, 15.1
VYCOR, 23.2
w

wafer bonding, 6.13

wetting angle, 15.19

whisker growth, 4.15

Wilson, 20.5, 20.11, 20.28, 21.5, 24.10

z
zirconia, 4.12
zone refining, 11.5

409



