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« particle, 11
acceleration due to gravity, g, 529
activity coefficient, 312
adhesion, ion assisted deposition, 396
alloy, 7
amorphous, 515
binary, 254, 268
disordering, 257
enthalpy, 309
equilibrium, 517
ion beam mixing, 309
ion implantation, 271
metastable, 269
sputtering of, 229
substitutional atoms, 278
amorphization, 259
amorphous alloy, 515
amorphous metastable phase, 354
amorphous phase transformation, 326
analytical calculation, 120
angular differential scattering
cross-section, 63
angular impact parameter, 54
angular momentum, 50, 58
anti-site defects, 343
approximation
calculation, 124
momentum, 101
aqueous corrosion, 420
resistant coatings, 444
areal density, 8
atom
displacement, 199
primary knock-on (PKA), 141
replacements per, 256
self-interstitial (SIA), 281

atomic densities, 6

atomic displacement rate, 206, 257
atomic jump frequency, 205
atomic mass unit, amu, 529
atomic number, 5

atomic volume, 7, 19 )
Avogadro’s constant, N,, 7, 529

Baker series expansion, 27

ballistic ion beam mixing, 299

Bethe theory of electronic stopping,
104

binary alloy, 254, 268

binary collisions, 40

elastic, 39

binary phase diagram, 267, 322

binding energy, 19

Boltzmann’s constant, 22, 529

Bohr radius, 11

Bohr screening function, 30

Bohr screening length, 33

Bohr theory of electronic stopping,
101

Bohr velocity, 11

broad-beam gridded ion sources, 474

calculation
analytical, 120
approximations, 124
LSS parameters, 122
momentum, 101
polyatomic targets, 131
PRAL, 120
projected range, 125
range, 120-1
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calculation continued
reduced range, 120
universal, 122
calorie, 8
cascade, 147
displacement per atom, 185
ion beam mixing, 302-3
phase transformation, 348
cell
complex unit, 354
unit, 483
center of mass
coordinates, 44
scattering, 40, 505
total energy, 47
velocity, 46
central force
energy conservation, 52
force field, 15
motion, 49
potential, 58
centrifugal energy, 52
ceramics, 427
channeling
critical angle, 134
dechanneling, 134
energy loss, 153
maximum range, 138
chemical disorder, 254
chemical interdiffusion coefficient,
306
classical theory, scattering, 40
closest approach, distance of, 53
coating
dielectric, 434
ion assisted, 363
optical, 433
reflective, 438
solid lubricant, 442
tribological, 440
cohesive energy, 226, 313
ion beam mixing, 313
collision, 147
binary elastic, 39
diameter, 59
definitions, 41
electronic, 89
head-on, 48, 59
inelastic, 41
kinematics, 41
nuclear, 89
replacement, 148, 273

Index

sequences, 173

soft, 40

violent, 40
collision cascade, 147

alloy disordering, 257

deposited energy, 182

high density, 176

ion beam mixing, 302

materials properties, 185

overlap, 260

parameters, 318

random-walk, 304

recovery, 349

temperature, 313

volume, 182
complex unit cell, 354
composition changes, sputtering, 232
computer simulation, sputtering, 247
concentration ion implantation, 238
conservation of angular momentum,

50

conservation of energy, 42
conservation of momentum, 42
cooling, splat, 270
coordinates

center-of-mass, 44

polar, 51
coordination number, 20
correlated damage, 283
corrosion

aqueous, 420

of resistant coatings, 444
Coulomb force, 9, 14
Coulomb interatomic potential, 67
Coulomb’s constant, 529
critical angle channeling, 134
cross-section, 64

angular-differential scattering, 63

differential, 62, 65

electronic, 99

energy-transfer, 71

nuclear, 90

reduced, 80

Rutherford, 70

stopping, 90, 93

total, 65
crystal structure, metastable phase,

354

crystallization enthalpy, 326
crystallography, 483
cubic, face-centered, 19, 485
current density, 2
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damage
correlated, 283
depth, 163
efficiency, 153, 170
fractional damage function, 168
irradiation displacements, 155
radiation, 5, 141
straggling, 164
damage energy, 152, 161
depth distribution, 163
displacements per atom, 165
efficiency, 153
Kinchin-Pease, 151
NRT model, 154
primary knock-on, 153
primary recoil, 167
production rate, 165
reduced, 161
spatial distribution, 162
Darken—Gurry plot, 277
Darken’s analysis, 312
dechanneling, 134
defect
anti-site, 343
dislocation, 344
formation enthalpy, 283
irradiation induced, 342
phase transformation, 342
recombination, 206
sinks, 206
vacancy-interstitial, 343
dense cascade, irradiation induced
disorder, 257
densification
ion beam assisted deposition, 377
molecular dynamic, 379
Monte Carlo, 374
TRIM, 376
density
areal, 8
atomic, 6
current, 2
planar, 6
density of states, 498
deposited energy
collision cascade, 182
depth distribution, 163
spike, 181
sputtering, 222
deposition
ion assisted, 363
ionized cluster, 446

Index 533

depth disorder, 164
depth distribution, damage energy,
163
detector, solid angle, 63
deuteron, 11
diagram, binary phase, 267
diamond lattice, 485
dielectric coating, 434
differential cross-section, 62, 65
diffusion
coefficients determination, 518
Enskog model, 209
interdiffusion coefficient, 306
in liquids, 209
radiation enhanced, 205
random-walk, 304
self-diffusion, 211
in thermal spikes, 209, 213
dislocation defects, 344
disorder
chemical, 254
irradiation induced, 255
lattice, 5
displacement
cross-section, 159, 160, 256
irradiation damage, 155
per atom, 199
produced by primary knock-on, 147
rate, 165, 206
spike, 179, 275
displacement damage
polyatomic materials, 171
displacement damage function, 147
displacement efficiency, 171
displacement energy, 141
per atom, 165
polyatomic materials, 169
threshold, 144
distance of closest approach, 53
distant resonant energy transfer, 103
distribution of range, 4, 117
Gaussian, 118
standard deviation, 119
dual ion implantation tribology, 412

effective charge
electronic stopping, 100
mixing parameter, 301
moving ions, 100
temperature spike, 322
efficiency, damage energy, 153
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elastic collisions reduced, 161
binary, 39 spatial distribution, 162
modulus, 20 energy loss, inelastic, 99, 154

electron charge, 529
electron mass, 529
electronic collisions, 89
electronic cross-section, 99
electronic energy loss Monte Carlo
simulation, 193

electronic stopping

Bethe formula, 104

Bohr, 101

effective charge, 100

Fermi-Teller, 105

Firsov, 106

high-energy, 101

Lindhard—Scharff, 106

low-energy, 105

Z, oscillations, 111
electron-volt, 8
elementary charge, 529
elements, table of, 491

energetic phase transformation, 324

energy
binding, 19
central force, 52
centrifugal, 52
cohesive, 226, 313
conservation of, 42
displacement, 141, 144
effective potential, 53
excitation, 104
Gibbs free energy, 266
irradiation damage, 155
minimum potential, 18
ordering, 341
reduced, 59
strain, 346
sublimation, 144
transfer, distant resonant, 103
transferred, 48
transferred cross-section, 71

energy damage, 152, 160
depth distribution, 163
displacements per atom, 165
efficiency, 153
fractional damage, 168
Kinchin-Pease, 151
NRT model, 154
primary knock-on, 153
primary recoil, 167
production rate, 165

energy loss rate, 88
Enskog model diffusion, 209
enthalpy
of alloy, 309
of crystallization, 326
defect formation, 283
of formation, 509
mixing, 341
order—disorder, 328
transformation, 340
epitaxy, ion assisted deposition, 390
equilibrium alloys, 517
equilibrium concentrations,
sputtering, 287
equilibrium interatomic distance, 19
equipment ion assisted deposition,
367
evaporation, heat of, 20
excitation energy, 104
expansion Baker series, 27

face-centered-cubic lattice, 19, 485
farad, 10
fatigue, 415
Fermi-Dirac statistics, 25
Fermi energy, 25
Fermi-Teller electronic stopping, 105
film
growth, ion assisted deposition, 366
transparent conducting, 437
Firsov electronic stopping, 106
Firsov screening length, 33
fitting parameters, scattering
function, 83
focused replacement sequence, 174
focusing, 145
force
Coulomb, 9, 14
interatomic, 14, 17
long-range interatomic, 15
short-range interatomic, 15
van der Waals, 24
force field, central, 15
formation
enthalpy of, 509
heat of, 509
metastable phase, 266, 352, 429
fractional damage energy, 168
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intrinsic stress, 380
inverse power
interatomic potential, 17
screening function, 30
ion assisted coating, 363
ion assisted deposition, 363—-4
ion beam assisted deposition

Frank-van der Merve growth, 370
Freeman ion sources, 457
Frenkel-defect, 142

Gaussian range distribution, 118
Gibbs criterion of phase stability, 346

Gibbs free energy, 266

adhesion, 396
g{g;i){ mle;:li, %;2 densification, 377
gazing, ‘aser, epitaxy, 390

grain size ion beam deposition, 384

gram-atom, 9

growth
Frank-van der Merwe, 370
Stranski—Krastanov, 370
Volmer—Weber, 370

hard-sphere interatomic potential, 16,
83

heat of evaporation, 20

heat of formation, 509

heat of ion beam mixing, 307

heat of sublimation, 20, 308

high density collision cascade, 176

high-dose ion implantation, 235, 286

high-energy electronic stopping, 101

high-temperature ion sources, 459

high-temperature oxidation, 418

homogeneous nucleation, 350

Hook’s law, 346

Hubler—van Vechten model, 400

Hume-Rothery rules, 268, 276

impact parameter, 64

angular, orbital momentum, 52, 54
implantation metallurgy, 517
impulse approximation, scattering, 75
impurity atoms, lattice location, 272
impurity-vacancy interactions, 283
interaction, impurity—vacancy, 283
interatomic Coulomb interaction, 67
interatomic distance equilibrium, 19
interatomic forces, 14, 17
interatomic potential, 14, 32

hard-sphere, 16, 83

inverse power, 17

Lennard-Jones, 17

square-well, 17
interatomic spacing, 488
intergrodifferential equation, 157
interstitial solid solutions, 265

equipment, 367

film growth, 366

grain size, 384
microstructure, 365
reactive processing, 399
residual gases, 369
stress, 381

texture, 387

ion beam mass analysis, 461
ion beam mixing

alloy, 309

ballistic, 299

cascade, 302-3

chemical driving force, 307, 313
cohesive energy, 313
de-mixing, 309

heat of mixing, 307

liquid diffusion, 321

phase formation, 323
polyatomic target, 305

recoil, 300

thermally assisted, 319
thermodynamic effect, 305
temperature-dependent, 299
temperature-independent, 299
transition temperature, 322

ion beam system, 455
ion implantation, 408

alloy, 271
concentration, 238
high-dose, 235, 286
ion sources, 456
metallurgy, 254
phase formation, 265
plasma immersion, 3
plasma source, 467
recoil, 300
sputtering, 228
system, 2

ion-solid simulations

molecular dynamic, 200
Monte Carlo, 191
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ion sources long-range interatomic force, 15
broad-beam gridded, 474 long-range order parameter, 254
Freeman, 457 low-energy electronic stopping, 105
high-temperature, 459 LSS parameter calculation, 124
ion implantation, 456
MEVVA, 459 mass
plasma, 467 of electron, 529
ion stopping, 88 reduced, 45
ionized cluster beam deposition, 446 mass analysis, ion beam, 461
irradiation damage materials properties, cascade, 185
displacements, 155 maximum range channeling, 138
energy, 160 mean free path, 176
irradiation defects, 342 mean ionization potential, 104, 194
irradiation enhanced thermal melting temperature, 186
reordering, 261 metal, glassy, 270
irradiation induced disorder, 255 metallurgy
dense cascade, 257 implantation, 517
point defects, 255 ion implantation, 254
metastable phase
joule, 8 alloys, 269
amorphous, 354
Kinchin-Pease energy, 151 crystal structure, 354
Kinchin—Pease damage function, 151 formation, 266, 352, 429
Kinchin—Pease modified damage kinetics, 353
function, 152 phase field, 355
kinematics, elastic collisions, 41 transformation, 325
kinetic metastable phase, 353 metglasses, 271
kinetic phase formation, 324 MEVVA ion sources, 459
kurtosis, 120 microstructure ion assisted
deposition, 365
laboratory scattering angle, 505 Miedema rules, 279
laser glazing, 271 Miedema semi-empirical model, 509
lattice Miller indices, 7, 485
diamond, 485 minimum potential energy, 18
disorder, 5 misfit parameter, 284
face-centered-cubic, 485 mixing enthalpy, 341
location, 272 modulus, elastic, 20
lattice parameter, 7 molecular densification, 379
Lennard-Jones interatomic potential, = molecular dynamic ion—solid
17 simulations, 200
Lenz-Jensen screening function, 31 cascade temperature, 203
lifetime spike, 213 crystalline order, 202
Lindhard intergrodifferential defects, 201
equation, 157 diffusion, 203, 204
Lindhard screening function, 28 Moliere screening function, 29
Lindhard screening length, 33 momentum
Lindhard—Scharff electronic stopping, approximation, 101
106 conservation of, 42
linear cascade sputtering, 219 Monte Carlo simulation
liquid diffusion ion beam mixing, 321 densification, 374
liquid-state diffusion, 209 dpa, 199
location lattice, 272 ion—solid simulations, 191
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electronic energy loss, 193
nuclear scattering, 192
PIPER, 192
procedure, 194

motion, central force, 49

moving ion, effective charge, 100

nearest-neighbor distance, 22
neutron, 11
NRT model damage energy, 154
nuclear collisions, 89
nuclear cross-section, 90
nuclear scattering Monte Carlo
simulation, 192

nuclear stopping

power law, 93

reduced cross-section, 93

reduced notation, 92
nucleation

homogeneous, 350

phase formation, 324
nucleus, radius, 11

optical coating, 433
order, radiation enhanced diffusion,
262

order-disorder, 254

enthalpy, 328

transition temperature, 328
overlap collision cascade, 260
oxidation, high-temperature, 418

Pauli exclusion principle, 24
permittivity of free space, 529
phase diagram

binary, 267, 322

phase width, 355

polymorphous, 326
phase formation

ion beam mixing, 323

ion implantation, 265

kinetics, 324

nucleation, 324

thermodynamics, 326
phase stability, Gibbs criterion, 346
phase transformation

amorphous, 326

cascade, 348

defect, 342

energetic, 324

metastable, 325

Index

537

PIII, 3
PIPER, Monte Carlo simulation, 192
planar densities, 6
Planck’s constant, 11, 529
plasma immersion ion implantation, 3
plasma ion sources, 467
plasma source ion implantation, 467
point defect, irradiation induced
disorder, 255
Poisson’s equation, 26
polar coordinates, 51
polyatomic materials
calculation, 131
damage energy, 169
displacement damage, 171
displacement efficiency, 171
ion beam mixing, 305
range, 131
sputtering, 229
polymers, 427
polymorphous phase diagram, 326
potential ’
central force, 58
hard-sphere, 83
interatomic, 14, 32, 67
mean ionization, 104, 194
minimum energy, 18
power law, 74, 78
screened Coulomb, 24, 76
power law
nuclear stopping, 93
power law potential, 74, 78
PRAL (projected range algorithm),
120
precipitates, 519
preferential sputtering, 230
primary knock-on, displacements
produced by, 147
primary knock-on atom (PKA), 141
primary knock-on damage energy,
152
primary recoil damage function
thin target, 167
ion implantation, 168
probability function, 72
processing, reactive IBAD, 399
production rate of damage energy,
165
projected range, 4, 39, 115, 128
calculation, 125
PRAL, 120
transverse, 116
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proton, 11
PSII, 467

quenching
rapid thermal, 269
rate, 270

radial range, 116
radiation-damage effects, 5
radiation enhanced diffusion, 262
radius

Bohr, 11

nucleus, 11

screening, 32
random walk

collision cascade, 304

diffusion, 304
range, 88, 115

calculations, 120-1

damage, 141

distributions, 4, 117

enhanced diffusion, 205

polyatomic targets, 131

projected, 4, 39, 88, 115-16, 128

radial, 116

reduced, 121

spreading, 116

straggling, 117
rapid thermal quenching, 269
rate

energy-loss, 88

quenching, 270
reactive IBAD processing, 399
recoil ion beam mixing, 300
recovery collision cascade, 349
reduced cross-section, 80
reduced damage energy, 161
reduced energy, 59
reduced length, 92
reduced mass, 45
reduced notation
reduced nuclear stopping, 92-3
reduced range calculation, 121
reduced stopping cross-section, 94
reflective coating, 438
replacement collision, 148, 173, 273
replacement cross-section, 257
replacement per atom, 256
resistant coating of aqueous

corrosion, 444

Index

Rugate filter production, 436
Rutherford cross-section, 70

scattering
center-of-mass, 44
classical theory, 40
CM angle, 55
cross-section scattering, 63
fitting parameter, 83
impulse approximation, 75
two-particle, 42
scattering angle, 505
scattering integral, 55
screened Coulomb potential, 24, 76
screening distance, 59
Thomas—Fermi, 60
screening function, 25
Bohr, 30
inverse power, 30
Lenz-Jensen, 31
Lindhard, 28
Moliere, 29
Sommerfeld asymptotic, 27
Thomas—Fermi, 27, 79, 81
screening length
Bohr, 33
Firsov, 33
Lindhard, 33
Thomas-Fermi, 26
universal, 36
self-diffusion, 211
self-interstitial atom (SIA), 281
semi-empirical sputtering, 223
short-range interatomic force, 15
simulation
molecular dynamic, 200
Monte Carlo, 191
TRIM, 192, 197
single-element targets sputtering, 219
skewness, 120
solid angle, detector, 63
solid lubricant coating, 442
solid solubility, 523
solid solutions, 265
solubility, 278
solid, 523
solutions
interstitial, 265
solid, 265
Sommerfeld asymptotic function, 27
spacing, interatomic, 488
spatial distribution, 162
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specific heat, 186
spreading range, 116
spike
cylindrical model, 213
deposited energy, 181
displacement, 179, 275

effective temperature, 322

lifetime, 213
melt, 186
sputtering, 234, 244
temperature, 213
thermal, 180, 275
volume, 182
yield, 246
splat cooling, 270
sputtering
alloy, 229
angular dependence, 225

composition changes, 232
computer simulation, 247

deposited energy, 222
equilibrium, 287

ion implantation, 228
linear cascade, 219

materials factor, 220, 223

polyatomic target, 229
preferential, 230
semi-empirical, 223

single-element targets, 219

spike, 234, 244
surface chemistry, 288
threshold energy, 224
yield, 219, 223

square-well interatomic potential, 17
standard deviation range distribution,

119
stopping, ion, 88

stopping cross-section, 90, 93

straggling range, 117
strain, 21
strain energy, 346

Stranski-Krastanov growth, 370

stress, 21
intrinsic, 380

ion beam assisted deposition, 381
sublimation, heat of, 20, 308

substitutional alloy, 278

surface chemistry sputtering, 288

system, ion implantation, 2

table of elements, 491

Index 539

Taylor series, 21
temperature
collision cascade, 313
melting, 186
order—disorder transition, 328
spike, 213
texture, ion beam assisted deposition,
387
thermal assisted ion mixing, 319
thermal reordering, irradiation
enhanced, 261
thermal spike, 180, 275
diffusion in, 209
thermodynamic effect ion beam
mixing, 305
thermodynamic phase formation, 326
Thomas-Fermi differential equation,
503
Thomas—Fermi statistical model, 25
Thomas—Fermi screening distance, 60
Thomas—Fermi screening function,
27-8,79, 81 :
Thomas-Fermi screening length, 26
total cross-section, 65
two-particle scattering, 42
transferred energy, 48
transformation enthalpy, 340
transition temperature ion beam
mixing, 322
transparent conducting films, 437
transverse projected range, 116
tribological coating, 440
tribology, 410, 413
dual ion implantation, 412
TRIM, 192, 197
densification, 376

universal calculation, 122
universal screening length, 36

vacancy diffusion coefficient, 205
vacancy—interstitial defects, 343
van der Waals forces, 24
Vegard’s law, 267
velocity

Bohr, 11

collision cascade, 182

of light, 10, 529

spike, 182
Volmer—Weber growth, 370
volume, atomic, 7, 19
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yield Z, oscillations, electronic stopping,
spike, 246 111
sputtering, 219, 223 ZBL universal scattering formula, 98
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