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Abeles’s model 63-4
AlAsSb
band-gap energies 174-5
optical properties 323
phonon frequencies 108
thermal conductivity 70
AlGaAs
band offsets
GaAs interface 278-9
GalnP interface 278
band-gap energies 157-60
deformation potential 2634, 269-70,
271-2
effective masses 239-41
elastic properties 90, 96
electro-optic constant 358, 359
Franz—Keldysh effect 360
impact ionization coefficient 383
low-field mobility 369, 377-8
microhardness 93
minority-carrier transport 380-1
nonlinear optical constant 361-2
optical properties 316, 317
phonon frequencies 106-7, 113-15, 120
photoelastic constant 357, 358
piezoelectric constant 128-9
thermal conductivity 68, 69
thermal diffusivity 75-6
AlGaAsSb
band offsets
GalnAsSb interface 282
InP/InAs/GaSPb interfaces 281
band-gap energies 187-8, 196
optical properties 328
Schottky barrier 296-7
AlGaln
and coherent epitaxy 37
phonon frequencies 108, 109

AlGalnAs
band offsets, GalnAs interface 283
band-gap energies 194-5
effective masses 250, 251
impact ionization coefficient 385
optical properties 331-2
Schottky barrier 298-9
thermal conductivity 74
AlGalnN
crystal lattice parameters 25, 26
low-field mobility 373-4
Schottky barrier 297-8
thermal conductivity 68, 69, 70
AlGalnP
band offsets
AlInP interface 282
GalnP interface 282-3
band-gap energies 187, 191, 1934, 196
effective masses 250
elastic properties 81, 86
low-field mobility 373-4
minority-carrier transport 382
optical properties 330-1
Schottky barrier 298
thermal conductivity 74
AlGaN
band offsets, GaN interface 2834
band-gap energies 149-51
and critical thickness 38
deformation potential 261-2, 263
impact ionization coefficient 382
low-field mobility 368, 376, 377
minority-carrier transport 380
nonlinear optical constant 361
optical properties 311-12
phonon frequencies 105-6
piezoelectric constant 125
Schottky barrier 291
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AlGaNAs
band-gap energies 184-5
optical properties 326-7
AlGaP
band-gap energies 153, 154
effective masses 238-9
optical properties 314
AlGaPAs
band-gap energies 186-7
optical properties 326-7
AlGaSb
band-gap energies 163-5
effective masses 242-3
impact ionization coefficient 384
lattice parameters 26, 27
low-field mobility 369-70
Schottky barrier 294-5
AllnAs
band offsets
GalnAS interface 280
InP interface 279
band-gap energies 160-1
deformation potential 264
effective masses 240, 241
elastic properties 89, 90
optical properties 316-17, 318
Schottky barrier 2934
AllnAsSb
band offsets, GalnAsSb interface
282
band-gap energies 187, 188-9, 196
AlInN
band offsets, GaN interface 284
band-gap energies 150, 152
low-field mobility 368-9
optical properties 313, 314
AllnP
band offsets
AlGalnP interface 282
GalnP interface 277-8
band-gap energies 153-5
deformation potential 262-3
effective masses 238-9, 240
optical properties 314-15
AllnSb
band-gap energies 165-6
effective masses 242-3
low-field mobility 369-70
optical properties 319, 320
alloy scattering 365
alloys defined and described 1

AlPAs
band-gap energies 174-5
effective masses 245
AIPSb
band-gap energies 174-5
effective masses 245
optical properties 322
Au/GalnP rectifiers 292

band offsets see heterojunction band offsets
band-gap energies
background and theory
bowing parameter 136
interpolation of parameters 4-7
ordered/disordered alloy 136-9
quasi-cubic band model 133-6, 135
group IV alloys
binary 139-45
ternary 145-7, 149
III-V ternary alloys
Al~(V, V) 174-5
Ga—(V, V) 175-9
In—(V, V) 179-84
dilute-nitride III-(V, V) 166-74
(I, II)-As  157-63
(II, II)-N  149-53
(I, I)-P  153-7
(11, II)-Sb  163-6
summary 1834
III-V quaternary alloys
dilute-nitride 184-93
(11, 1L, M)~V 193-5
IV, V, V) 195
summary 196-7
II-VI ternary alloys
Cd—(VI, VI) 210-12
Zn—(VI, VI) 208-10
dL, 1I)-0  197-8
L, I)-S  198-201
(1L, II)-Se 2014
L, I)-Te 204-8
summary 214-16
II-VI quaternary alloys
L 11, I)-VI  213-14
L, ID)—(VI, VI) 212-13
summary 214-16
BeCdSe
band-gap energies 199, 201, 202
optical properties 335
BeCdTe, band-gap energies 799, 201, 202
BeMgCdSe, band-gap energies 213-14



BeMgZnSe
band offsets, ZnSe interface 289
band-gap energies 213, 274
optical properties 346
BeS/BeSe/BeTe, elastic properties
BeZnCdSe, optical properties 346
BeZnO
band-gap energies 197, 198, 199, 215
optical properties 332
BeZnSe
band offsets, ZnSe interface 287-8
band-gap energies 199, 201-2
elastic properties 84-5, 86, 94
optical properties 335, 336
phonon frequencies 111, 118
photoelastic constant 357
BeZnTe
band-energies 199, 201-2, 215
band-gap energies 799, 204-5
optical properties 339
phonon frequencies 111
bilayer model 34-5
binary mixed valence compounds 2—4
bond distances 21
bowing parameters 5, 6, 7, 136
dilute-nitride III-V alloys 167
electron and hole mobilities 367
III-V ternaries 184
II-VI ternaries 215
Brillouin scattering 357

90-1, 934

carrier transport properties 365-7
high-field mobility 376-9
impact ionization coefficient
low-field mobility 367-76
minority-carrier transport 379-82

CdHgS, band-gap energies 799, 200-1

CdHgSe
band-gap energies 799, 201, 2034, 215
low-field mobility 374
optical properties 338-9

CdHgTe
band offsets, CdTe interface 288-9
band-gap energies 199, 208, 215
Debye temperature 58-9
effective masses 252, 254
Frank—Keldysh effect 361
impact ionization coefficient 386
low-field mobility 375
minority-carrier transport 382
nonlinear optical constant 362

382-6

INDEX 393

optical properties 342
phonon frequencies 109, 111
specific heat 56
thermal conductivity 74-5
thermal expansion coefficient 63
CdSeTe
band-gap energies 211-12
optical properties 346
phase diagram 50
CdSSe
band-gap energies 210-11
effective masses 253
electro-optic constant 359-60
Franz—Keldysh effect 360-1
optical properties 344-5
CdSTe
band-gap energies 211
lattice parameters 31
optical properties 345
phase diagram 49-50
CGe
band-gap energies 140-1, 147, 149
optical properties 309
chalcopyrite structures 14
cleavage plane 41
coherent epitaxy
bilayer model 32-3
critical thickness 37-9
elastic strain and lattice deformation 33-7
lattice-mismatch of dilute-nitrides 167-8
compliance constants 81, §2-3
composite structures see coherent epitaxy
compound semiconductors 1, 10
conduction band structure 133, /34
critical thickness 37-9
crystal density
calculation 22
data 18, 19
crystal structure 2
lattice constant/parameters
random alloy 11
spontaneous ordering
CSi
band offsets
Si interface 276-7
SiGe interface 277
band-gap energies 139-40, 147-9
Debye temperature 57-8
effective masses 234-7
elastic properties 89
electro-optic constant 358

15-31

11-15
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CSi (Continued) interpolation scheme 2324
Frohlich coupling constant 130 temperature and pressure
lattice mismatch in epilayers 35-6 dependence 254-6
low-field mobility 367 group IV binary alloys 234-8
microhardness 92 III-V ternary alloys
optical properties 308-9 Al-(V, V) 245, 246
piezoelectric constant 125, 127 Ga—(V, V) 245-6
thermal conductivity 66, 67 In—(V, V) 246-7
thermal diffusivity 75-6 dilute-nitride III—(V, V) 243-5

CSiGe (III, II)-As  239-42
band offsets, Si interface 2767 (III, OI)-N 238, 239
band-gap energies 145-7 (1L, IIH)-P  238-9
minority-carrier transport 380 (1L, IIH)-Sb  242-3
optical properties 311 III-V quaternary alloys
Schottky barrier 291 dilute-nitride 248

CuAu (I, II1, IIT)-V  250-1
elastic properties 82 (I, OD)—(V, V) 248-50
electrical resistivity 365, 366 II-VI ternary alloys
lattice constant 15-16 (I, IH)-vI  251-3
thermal resistivity  65-6, 365, 366 II-(VI, VI) 253

CuAu-I structure 12, 14, 15, 66 [I-VI quaternary alloys

CuPt-B structure 12, 14, 15 1L, II)—(VI, VI) 2534
energy-band diagram 136, 137 elastic constants 81, §2-3

group IV alloy 81

Debye temperature 52-3, 567 III-V alloy 81, 834
group IV alloy 57-8 II-VI 84-6
-V alloy 58 pressure effect 88
II-VI alloy 58-9 and sound velocity 96-7

deformation potential (intervalley) temperature effect 86-8
group IV alloy 270-1 third-order constant 39
III-V alloy 271-2 see also Young’s modulus

deformation potential (intravalley) elastic strain 33-7
group IV alloy 259-61 elasto-optic effect 357-8

high-symmetry points 267-9 electrical resistivity 365, 366
III-V ternary alloy 261-6 electro-optic constants
high-symmetry points 269-70 linear 358-60
III-V quaternary alloy 266 quadratic  360-1
II-VI quaternary alloy 266-7 electron mobility See low-field mobility;
deformation potential (phonon) 121-3 minority-carrier transport

density-of-state effective mass 229, 232 elemental semiconductors 1, 2

diamond structure 2/ energy-band structure see band-gap energies;

dielectric constants 308 effective masses

dispersion 307 epitaxy see coherent epitaxy

drift velocities 365
Franz—Keldysh effect 360-1

effective masses Frohlich coupling constant 129-31
background and theory
compositional dependence 254 GaAsln, phase diagram 46, 47
electron effective mass 229-30, 23/ GaAsInP
hole effective mass 230-2, 233, 234, specific heat 55

235, 236 thermal conductivity and diffusivity 75-6



GaAsSb
band-gap energies 178-9
effective masses 246
impact ionization coefficient 385
optical properties 324
phonon frequencies 100, 108
Schottky barrier 295-6
thermal conductivity 73
GalnAs
band offsets
AlGalnAs interface 283
AlInAS interface 280
GaAs interface 284-6
GaN interface 284
InP interface 279-80
band-gap energies 161, 163
deformation potential 265
effective masses 240, 241-2, 256
elastic properties 89, 90
impact ionization coefficient
low-field mobility 377-8
near neighbour distances 28
optical properties 318-19
phase diagram 46, 47
piezoelectric constant 128
Schottky barrier 294
thermal conductivity 68, 69, 70
GalnAsSb
band offsets
AlGaAsSb interface 282
AlInAsSb interface 282
GaSb/InP/InAs interfaces 281
band-gap energies 796

effective masses 249-50
optical properties 328-30
Schottky barrier 296-7

thermal conductivity 70, 71, 72
GalnN

band offsets, GaN interface 284

band-gap energies 150, 151, 152-3

and critical thickness 38

deformation potential 262, 263

low-field mobility 368, 376, 377

near neighbour distances 28, 29

optical properties 313-14

phase diagram 47-8

phonon frequencies 105-6

piezoelectric constant 126-8

thermal conductivity 68, 69, 70
GalnNAs

band offsets, GaAs interface 286-7

3834

INDEX

band-gap energies
effective masses 248, 254, 256
optical properties 326
GalnNP
band-gap energies 185
optical properties 326
GalnP
band offsets
AlGalnP interface 282-3
AllInP interface 277-8
GaAs interface 277
band-gap energies 137-9, 155-7
deformation potential 263
effective masses 239, 240
elastic properties 89, 90
Franz—Keldysh effect 360
impact ionization coefficient 383
low-field mobility 369
nonlinear optical constant 362
optical properties 315-16
phonon frequencies
photoelastic constant 357
Schottky barrier 292
thermal conductivity 73
GalnPAs
band offsets, InP interface 280-1
band-gap energies
and coherent epitaxy 34-5, 38
deformation potential 266, 267
effective masses 248-9, 256
elastic properties
Frohlich coupling constant 131
impact ionization coefficient 385
low-field mobility 372-3, 378-9

microhardness 92-3, 94
minority-carrier transport 381-2
near neighbour distances 28, 29
phonon frequencies 108
piezoelectric constant 128-9

Schottky barrier 296

thermal conductivity 70, 71, 72
GalnPSb, minority-carrier transport
GalnSb

band-gap energies 166, 167, 168
effective masses 242-3
elastic properties 81, 83, 85

microhardness 93
minority-carrier transport 381
optical properties 319, 320
phase diagram 46, 47

phase transition 40-1

166-7, 168, 185

100, 108, 115

187, 189-91, 1967

81, 86, 87, 88, 96

381-2

395



396 INDEX

GalnSb (Continued)
phonon frequencies 107, 108
Schottky barrier 294-5
thermal conductivity 68, 69, 70
GaNAs
band offsets, GaAs interface 286
band-gap energies 166-7, 168, 171-2
and coherent epitaxy 36
deformation potential 265-6
effective masses 2434
impact ionization coefficient 384
low-field mobility 371, 378
mode Griineisen parameter /2]
optical properties 321, 322
GaNAsSD, band offsets, GaAs interface
287
GaNP
effective masses 243
optical properties 320-1
GaNP, band-gap energies 170-1
GaNPAs, band-gap energies 185-6
GaNSb
band-gap energies 172
optical properties 321
GaPAs
band-gap energies 175-6
deformation potentials 263-4, 266, 269-70
effective masses 245, 246
low-field mobility 371, 372
optical properties 3234
phonon frequencies 108, 115, 116, 122-3
GaPSb
band-gap energies 176-7
optical properties 324
Schottky barrier 295
GaSbAs, low-field mobility 371, 372
GeSn
band-gap energies 144-5, 147, 148
optical properties 309-10
Grimm-Sommerfeld rule 24
Griineisen parameter 119-21
phonon deformation potential 121-3
Hall mobilities 366, 367
heterojunction band offsets 275
group IV systems 275-7
III-V lattice matched system
ternary alloy 277-80
quaternary alloy 280-3
III-V lattice mis-matched system 283-7
II-V systems 287-9

HgSeTe, phase diagram 51
high-field transport
group IV 376
III-V ternary alloys
dilute-nitride III-(V, V) 378
(111, TIT)-As  377-8
(III, II)-N 376
I, Im-P - 376-7
III-V quaternary alloys 378-9
II-IV alloys 379
high-frequency dielectric constant 308
hole effective mass 230-2, 233, 234,
235, 236
hole mobilities 366, 367

impact ionization coefficient
group IV alloys 382
III-V ternary alloys
dilute-nitride III-(V, V) 384-5
Ga—(V, V) 385
In—(V, V) 385
(I, II)-As 3834
(II, II)-N  382-3
(II, I)-P 383
(III, III)-Sb 384
III-V quaternary alloys
(11, L, T~V 385
(I, ID—(V, V) 385
II-VI 386
InAsSb
band offsets, GaSb interface 280
band-gap energies 181-3
effective masses 247
impact ionization coefficient 385
low-field mobility 371, 372
optical properties 325
InGaAs, Frohlich coupling 129
InNAs
band-gap energies 173
effective masses 244-5
low-field mobility 371
InNP
band-gap energies 173
optical properties 322
InNSb
band-gap energies 174
effective masses 245
InPAs
band-gap energies 179, 180
Debye temperature 58
effective masses 246-7, 255, 256



low-field mobility 371, 372

optical properties 324-5

specific heat 54, 55

thermal conductivity 70, 71
InPAsSb

band-gap energies 195, 196

effective masses 250-1
InPSb

band-gap energies 179-81

low-field mobility 371, 372

optical properties 325
interpolation schemes

band-gap 4-7

effective masses 232—4
intravalley/intervalley deformation potential

see deformation potential

ionicity 9, 10
isotopic abundance 9

lattice constants/parameters
Cu—Au alloy 15-16
group IV semiconductor 19-22
-V semiconductor 22-9
II-VI semiconductor 29-31
non-alloyed semiconductors 16-19
lattice strain/deformation/mismatch
see coherent epitaxy
lattice-matching data 22, 23, 24, 30
linear electro-optic constant 358-60
long-wavelength phonon see phonon
low-field mobility 366, 367
group IV binary alloys 367-8
[II-V ternary alloys
dilute-nitride III-(V, V) 370
Ga—(V, V) 371
In—(V, V) 371
(II-1I)-As 369
(II-MI)-N  368-9
(II-1ID-P 369
(III-MI)-Sb  369-70
[II-V quaternary alloys
dilute-nitride 371-2
(I, 1L, 1)~V 3734
I, IH—(V, V) 372-3
II-VI ternary alloys
Zn—(V, V) 375
L m-o0 374
L, I)-Se 374-5
L 1I)-Te 375
Luttinger’s parameters 231, 233,
234

INDEX

Matthews—Blakeslee theory 38
melting points 51, 52-3
see also phase diagrams
MgCdSe
band-gap energies 199, 201, 202-3,
215
low-field mobility 374-5
optical properties 337
MgCdTe
band-gap energies 199, 206, 215
optical properties 340
MgZnCdSe
band offsets, ZnCdSe interface 289
band-gap energies 214
optical properties 346-7
MgZnO
band offsets, CdS interface 287
band-gap energies 197-8, 199, 215
and coherent epitaxy 37
deformation potential 267
effective masses 251-2
low-field mobility 374
minority-carrier transport 382
optical properties 332-3
phase diagram 48-9
MgZnS
band-gap energies 198-9, 205
optical properties 333-4
MgZnSe
band offsets
ZnCdSe interface 289
ZnSe interface 287-8
band-gap energies 199, 201, 202, 215
low-field mobility 374-5
nonlinear optical constant 362
optical properties 335-7
thermal expansion coefficient 63
MgZnSeTe
optical properties 346
phonon frequencies 112
MgZnSSe
band offsets, ZnSe interface 289
bang-gap energies 212-13
effective masses 2534
optical properties 346
phonon frequencies 111-12
MgZnSTe, band-gap energies 212, 213
MgZnTe
band-gap energies 199, 205-6, 215
optical properties 339—40
Schottky barrier 299
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microhardness L, I)—(VI, VI) 346
group IV alloy 92 see also elasto-optic; electro-optic
-V alloy 92-3 ordering see spontaneous ordering
II-VI alloy 93-6
minority—carrier transport periodic table 2
group 1V alloys phase diagrams
binary 379-80 group IV alloys 45
ternary 380 III-V alloys 45-8
III-V ternary alloys II-VI alloys 48-51
(II1, II)-Ga 381 phase transition, structural 39-41
(III, IIH-N 380 Phillips ionicity 9, 10
III-V quaternary alloys phonon frequencies/modes 99-100, /01, 102,
I, III, II-v- 382 104-5, 110
I, IH—(V, V) 3812 group IV alloy 1004, 112-13
II-1V alloys 382 III-V alloy 104-9, 113-15
mode Griineisen see Griineisen parameter II-VI alloy 109-12, 115-19
molecular weight mode Griineisen parameter 119-21
calculating 9-10 phonon deformation potential 121-3
non-alloyed semiconductor data 18, 19 temperature and pressure dependence
multilayer structures see coherent epitaxy 112-19
photoelastic coefficient 357-8
nonlinear optical constant 361-2 piezoelectric semiconductors 97, 126
stress and strain constants 125-9
optical properties pseudomorphic epitaxy 37-9
dielectric constants 308
dispersion relations 307 quadratic electro-optic constant 360-1
group 1V alloys
binary 308-11 reflectivity 307
ternary 311 refractive index 307
III-V ternary alloys resistivity
Al~(V, V) 322-3 electrical 365, 366
Ga—(V, V) 3234 thermal 64, 65, 67, 68, 365, 366
In—(V, V) 324-6
dilute-nitride II-(V, V) 320-2 Schottky barrier 289-90
1, II)-As 31620 group IV alloys 290-1
11, II)-N  311-14 III-V ternary alloys
{1, In-p  314-16 Ga—(V, V) 295-6
III-V quaternary alloys (1L, IID)-As 2924
dilute-nitride 326 (I, OI)-N 291
(I, I, -V 330-2 I, In-p 292
(I, IH—(V, V)  326-30 (I, II)-Sb  294-5
(v, v, V) 332 III-V quaternary alloys
II-VI ternary alloys (11, 1L, 1)~V 297-9
Cd—(VI, VI) 344-6 I, ID)—(V, V)  296-7
Zn—(VI, VI) 3434 II-VI ternary alloys
L -0  332-3 Zn—(VI, VI) 300
(L I)-S 333-5 L, I)-Te 299
1, I)-Se  335-9 semiconductor types 1
(L I)-Te 339-42 SiC 1,2
II-VI quaternary alloys Franz—Keldysh effect 360

L I, I )-VI  346-7 phonon frequencies 100, /02



SiGe
band offsets, Si interface 276
band-gap energies 148

relaxed alloy 141-3

strained alloy 1434
and critical thickness 38, 39
crystal lattice parameters 19-22
deformation potential 259-61, 269
effective masses 237-8
elastic properties 81, 84, 85

electro-optic constant 358
Frohlich coupling constant 130
impact ionization coefficient 382, 383
low-field mobility 367-8
minority-carrier transport 379-80
optical properties 309-10
ordered structures /2, 13-14
phase diagram 45, 46
phonon frequencies 100-4, 113, 121-2
Schottky barrier 290-1
specific heat 53-4
thermal conductivity 66, 68
SiGeSn, band gap energies 147
SiSn, band gap energies 148-9
sound velocity 96-7
specific heat
group IV alloys 51, 52-3, 534
[II-V alloys 54-5
[I-VI alloys 55
spontaneous ordering
energy-band gaps 136-9
group IV alloy 11, 12
[I-Valloy 12, 14-15
I-VI alloy 12,15
structural phase transition 39-41
surface energy 41

tetrahedral rule 3-4
thermal conductivity 52-3, 63-6, 67
group IV alloy 66-8
[I-V alloy 68-74
II-VI alloy 74-5
thermal diffusivity 75-6
thermal expansion coefficient 52-3
group IV alloys 59-61
M-V alloys 61-3
[I-VI alloys 63
thermal resistivity 64, 65, 67, 68,
365, 366
thin films see critical thickness
transport see carrier transport

INDEX

valence band structure 133, /34
valence binary compounds 3-4
valence electrons 2-3

Varshni parameters 159-60, 163

399

Vegard law 20, 25-6, 28, 36, 37, 57, 141

Wiedemann—-Franz law 65, 365
wurtxite structure 21/

Young’s modulus
group IV alloy 89
MI-V alloy 89-90
II-VI alloy 90-2

zinc blende structure 2/

energy band diagram 136, 137
ZnCdO
band-gap energies 198, 199, 215

optical properties 333
ZnCdS
band offsets, ZnS interface 287
band-gap energies 199, 200, 215
deformation potential 267
nonlinear optical constant 362
optical properties 334-5
phase transition 40, 41
phonon frequencies 109, /71
ZnCdSe
band offsets
MgSSe interface 289
MgZnCdSe interface 289
MgZnSe interface 289
ZnSe interface 287-8
band-gap energies 199, 201, 203, 215
elastic properties 91-2
Franz—Keldysh effect 360-1
nonlinear optical constant 362
optical properties 337-8
phase transition 40, 41
phonon frequencies
7ZnCdSSe, band offsets, ZnSSe interface
ZnCdTe
band offsets
CdTe interface 288
ZnTe interface 288
deformation potential 266-7
elastic properties 85, 87, 88
electro-optic constant 358-60
lattice parameters 29, 30, 31
phase diagram 49
low-field mobility 375

109-11, 115-16, 118
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ZnCdTe (Continued)
nonlinear optical constant 361, 362
optical properties 340-1
phonon frequencies 109-11
photoelastic constant 357
Schottky barrier 299
structural phase transition 39, 40
ZnHgS, band-gap energies 199, 200,
215
ZnHgTe
band-gap energies 199, 207-8
effective masses 252-3
microhardness 94-5
minority-carrier transport 382
optical properties 342
phonon frequencies 109
thermal conductivity 74
thermal expansion coefficient 63
Zn0OS
band-gap energies 208-9
optical properties 343

ZnOSe
band-gap energies

209

deformation potential 267

ZnSeTe
band-gap energies
elastic properties
low-field mobility
optical properties

209, 210
91-2, 94
376

344

phonon frequencies 118

7ZnSSe

band offsets, ZnSe/ZnCdSe interfaces

band-gap energies

209-10

deformation potential 267

low-field mobility
optical properties
Schottky barrier

376
343
300

thermal expansion coefficient

ZnSTe
band-gap energies

209, 210

deformation potential 267

optical properties

3434

63

289



