
Table of contents

Semiconductors

Subvolume A2: Impurities and Defects in Group IV Elements, IV-IV and III-V Compounds

Part a: Group IV Elements
(edited by M. Schulz)

List of frequently used symbols and abbreviations; conversion tables...............................................................XII
1. Symbols............................................................................................................................................................. XII
2. Abbreviations and acronyms............................................................................................................................ XIV
3. Conversion of units.........................................................................................................................................XVI

1 Introduction...........................................................................................................................no update

2 Trends of impurity and defect properties...............................................................................no update

3 Measurement methods........................................................................................................... no update

4 Impurity and defect properties in group IV elements......................................................................... 1

4.1 Diamond (C)......................................................................................................................................1
4.1.1 Impurities (R. Sauer)......................................................................................................................... 1
4.1.2 Defects (R. Sauer)............................................................................................................................2

Figures for 4.1.1 and 4.1.2................................................................................................................. 3
References for 4.1. 1 and 4.1.2.......................................................................................................................4

4.1.3 Paramagnetic centers (C. A. J. AMMERLAAN)............................................................................................ 6
4.1.3.1 Introduction.........................................................................................................................................6
4.1.3.2 EPR spectra.........................................................................................................................................8
4.1.3.3 g-values and linewidths of paramagnetic centers in CVD diamond................................................53

Figures for 4.1.3............................................................................................................................... 54
References for 4.1.3.........................................................................................................................65

4.2 Silicon................................................................................................................................................77
4.2.1 Solubility, segregation and distribution coefficients of impurities and defects

(H. Bracht, N. A. Stolwijk)......................................................................................................... 77
4.2.1.1 Solubility data of impurities: group IA............................................................................................. 77
4.2.1.2 Solubility data of impurities: group IIA.......................................................................................... 79
4.2.1.3 Solubility data of impurities: group IIIB including rare earth elements........................................... 80
4.2.1.4 Solubility data of impurities: group IVB.......................................................................................... 81
4.2.1.5 Solubility data of impurities: group VB.......................................................................................... 82
4.2.1.6 Solubility data of impurities: group VIB.......................................................................................... 83
4.2.1.7 Solubility data of impurities: group VIIB.......................................................................................86
4.2.1.8 Solubility data of impurities: group VIII (iron group).................................................................... 88
4.2.1.9 Solubility data of impurities: group VIII (cobalt group).................................................................. 91

https://d-nb.info/964445743


IX

4.2.1.10
4.2.1.11
4.2.1.12
4.2.1.13
4.2.1.14
4.2.1.15
4.2.1.16
4.2.1.17
4.2.1.18

Solubility data of impurities: group VIII (nickel group)................................................................ 94
Solubility data of impurities: group IB...........................................................................................98
Solubility data of impurities: group IIB...................................................................................... 105
Solubility data of impurities: group VIII (group IIIA)..................................................................106
Solubility data of impurities and native point defects: group IVA...............................................115
Solubility data of impurities: group VA........................................................................................122
Solubility data of impurities: group VIA........................................................................................131
Solubility data of impurities: group VIIIA.................................................................................... 136
Distribution coefficients at the melting point.............................................................................. 137
Figures for 4.2.1.............................................................................................................................139
References for 4.2.1.......................................................................................................................159

4.2.2
4.2.3
4.2.3.1

4.2.3.2

4.2.3.3

4.2.3.4

4.2.4
4.2.4.1
4.2.4.2
4.2.4.3
4.2.4.4
4.2.4.5
4.2.4.6
4.2.4.7
4.2.4.8

4.2.5
4.2.5.1
4.2.5.2
4.2.5.3

4.2.5.4
4.2.5.5

Diffusion of impurities...............................................
Impurity levels (J. WEBER).................................................
Ionization energies...........................................................
Figures for 4.2.3.1...........................................................
References for 4.2.3.1.....................................................
Pressure coefficients........................................................
Figures for 4.2.3.2...........................................................
References for 4.2.3.2.....................................................
Capture coefficients and capture cross-sections............
Figures for 4.2.3.3...........................................................
References for 4.2.3.3.....................................................
Photoionization cross-sections of impurity levels . . . .
Figures for 4.2.3.4...........................................................
References for 4.2.3.4.....................................................
Excited bound states of acceptors and donors (R. Sauer) 
Acceptors of group III impurities..................................  
Donors of group V impurities and Li............................  
Donors of group VI impurities........................................
Thermal donors(TDs): Oxygen-related defects............
Shallow thermal donors (STDs).....................................

see Vol. III/33A (book or online-version) 
.......................................................... 170 
.......................................................... 170 
...........................................................196 
...........................................................198 
.......................................................... 212 
.......................................................... 213 
.......................................................... 214 
.......................................................... 214 
.......................................................... 217 
.......................................................... 217 
.......................................................... 218 
.......................................................... 222 
.......................................................... 222 
.......................................................... 224 
.................................................no update 
.................................................no.update
...........................................................224
................................................. no.update 
...........................................................224

Very shallow centers and deep transitions metal defects.............................................................. 224
Acceptors of group II impurities................................................................................................... 225
Pseudo-donors or pseudo-acceptors............................................................................................. 225
References for 4.2.4......................................................................................................................226
Photoluminescence properties of impurities and defects (R. SAUER)........................................... 227
Excitons bound to neutral acceptors or donors....................................................................no update
Excitonic luminescence due to defects..........................................................................................227
New defect species incorporating hydrogen and rare earth erbium ions, and novel 
spectroscopic technique using radioactive isotopes.................................................................... 227
Er3+-related luminescence in silicon...................................................................................................227
Photoluminescence spectroscopy using radioactive isotopes........................................................228
Figures for 4.2.5............................................................................................................................ 237
References for 4.2.5......................................................................................................................239

4.2.6
4.2.6.1
4.2.6.2
4.2.6.3

4.2.7
4.2.7.1
4.2.7.2
4.2.7.3

Paramagnetic centers (C. A. J. AMMERLAAN)...................................................................................... 244
Introduction.........................................................................................................................no update
Symmetry data of defect centers......................................................................................... no update
Electron paramagnetic resonance (EPR) data.............................................................................244
Figures for 4.2.6............................................................................................................................290
References for 4.2.6......................................................................................................................290
Vibrational modes of impurities and defects (R. Murray, R. C. Newman)...............................309
Substitutional impurities............................................................................................................... 309
Substitutional impurity complexes................................................................................................309
Oxygen in Si.................................................................................................................................. 310



X

4.2.7.4 Interstitial impurity complexes..................................................................................................... 311
4.2.7.5 Irradiation defects, general...............................................................................................................312
4.2.7.6 Defect concentrations derived from strengths of local vibrational mode absorption lines . . . 313
4.2.7.7 Hydrogen atoms and molecules..................................................................................................... 314

Figures for 4.2.7............................................................................................................................. 318
References for 4.2.7.......................................................................................................................321

4.2.8 Oxygen-related defects and microdefects (W. Zulehner)............................................................ 324
4.2.8 .0 Introduction.....................................................................................................................................324
4.2.8.1 Classification of defects..................................................................................................................324

Figures for 4.2.8.1.......................................................................................................................... 325
References for 4.2.8.1....................................................................................................................325

4.2.8.2 Pointdefects.....................................................................................................................................326
4.2.8.2.1 Vacancies and interstitials...............................................................................................................326

Figures for 4.2.8.2.1.......................................................................................................................331
4.2.8.2.2 Atomic size effects of impurities.................................................................................................. 335

Figure for 4.2.8.2.2.......................................................................................................................337
4.2.8.2.3 Oxidation effects........................................................................................................................... 337

Figure for 4.2.8.2.3.......................................................................................................................338
4.2.8.2.4 Carbon and oxygen........................................................................................................................338
4.2.8.2.5 Other impurities.............................................................................................................................. 339

References for 4.2.8.2....................................................................................................................339
4.2.8.3 Aggregation phenomena..................................................................................................................342
4.2.8.3.1 Complex formation........................................................................................................................342
4.2.8.3.2 Homogeneous nucleation...............................................................................................................343

Figures for 4.2.8.3.2.......................................................................................................................344
4.2.8.3.3 Heterogeneous nucleation...............................................................................................................344
4.2.8.3.4 Doping inhomogeneities..................................................................................................................345

Figures for 4.2.8.3.4.......................................................................................................................346
4.2.8.3.5 Precipitation.....................................................................................................................................347

Figure for 4.2.8.3.5.......................................................................................................................348
References for 4.2.8.3....................................................................................................................348

4.2.8.4 Microdefects.................................................................................................................................... 350
4.2.8.4.1 Self-point microdefects (swirl defects).............................................................................................350

Figures for 4.2.8.4.1.......................................................................................................................353
4.2.8.4.2 Oxygen-related microdefects........................................................................................................ 354

Figures for 4.2.8.4.2.......................................................................................................................368
4.2.8.4.3 Properties and defects of other impurities...................................................................................... 370

Figures for 4.2.8.4.3.......................................................................................................................372
4.2.8.4.4 Oxidation-induced stacking faults..................................................................................................372

Figures for 4.2.8.4.4.......................................................................................................................373
4.2.8.4.5 Gettering and denuded zones........................................................................................................ 374

Figures for 4.2.8.4.5.......................................................................................................................375
References for 4.2.8.4....................................................................................................................376

4.3 Germanium (Ge)..........................................................................................................................382
4.3.1 Solubility and segregation of impurities and native point defects

(N. A. Stolwuk, H. Bracht)....................................................................................................... 382
4.3.1.1 Solubility and segregation coefficients...........................................................................................382

Figures for 4.3.1.............................................................................................................................384
References for 4.3.1........................................................................................................................ 386

4.3.2 Diffusion of impurities.................................................... see Vol. III/33A (book or online version)
4.3.3 Impurity levels (E. E. Haller)..................................................................................................... 387
4.3.3.1 Shallow donors binding energies.................................................................................................. 387
4.3.3.2 Group VI substitutional donors..................................................................................................... 388



XI

4.3.3.3 Shallow acceptors.......................................................................................................................... 389
4.3.3.4 Deepcenters................................................................................................................................... 389
4.3.3.4.1 Group II substitutional double acceptors........................................................................................390
4.3.3.4.2 Group I substitutional triple acceptors and related complexes..................................................... 390
4.3.3.4.3 Transition metals.......................................................................................................................... 391
4.3.4 Capture cross-sections (E. E. Haller)........................................................................................392
4.3.5 Photoionization-cross-sections (E. E. Haller)........................................................................... 392
4.3.6 Deformation potentials...................................................................................................... no update
4.3.7 Luminescence of bound excitons (E. E. Haller)........................................................................ 393
4.3.8 Electron paramagnetic resonance (EPR) (E. E. Haller)............................................................394
4.3.9 Local vibration modes (E. E. Haller)........................................................................................394

Figures for 4.3.3 - 4.3.9................................................................................................................ 395
References for 4.3.3 - 4.3.9..........................................................................................................399

Part p: IV-IV and III-V Compounds (to be published)

4.4 Silicon carbide (SiC)

5 Impurity and defect properties in group III-V compounds

6 Impurity and defect properties in ternary compounds

7 Impurity and defect properties in quaternary compounds


