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Knübel, A., Lebedev, V., and Capizzi, M. (2012). Identification of

four-hydrogen complexes in In-rich Inx Ga1−x N (x>0.4) alloys using

photoluminescence, x-ray absorption, and density functional theory,

Phys. Rev. B, 86, 201202(R).

Derbyshire, G., Cheung, K. C., Sangsingkeow, P., and Hasnain, S. (1999). A low-

profile monolithic multi-element Ge detector for x-ray fluorescence

applications, J. Synchrotron Radiat., 6, 62.

Diehl, W., Brick, P., Kunert, B., Reinhard, S., Volz, K., and Stolz, W. (2007). Low

threshold 1260 nm (GaIn)(NAs) semiconductor disk laser, Appl. Phys.
Lett., 91, 071103.

Dieumegard, D., Dubreuil, D., and Amsel, G. (1979). Analysis and depth

profiling of deuterium with the D(3He, p)4He reaction by detecting the

protons at backward angles, Nucl. Instrum. Methods, 166, 431.

Dixon, P., Richardson, D., Jones, R., Latham, C. D., Öberg, S., Torres, V. J. B., and
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dot 242, 244

laser 21

longer-wavelength 20, 28

near-band edge 92

near-band-edge 92, 93

optical 2

single-photon 262

spontaneous 25

emission energy 45

energy 5, 6, 8, 9, 11, 12, 14, 15, 37,

38, 40, 41, 48, 59, 60, 65–67,

102–106, 168, 182–184, 186,

187, 215–218, 252–254

biexciton binding 229

binding 105, 157

cluster state 12

exciton 57

gap 231

ground-state 147, 243

laser photon 52

peak 42, 49, 50

photoelectron 170

quasi-Fermi 22

resonant-level 11

resonant-state 4

threshold displacement 89

zero-point 149

energy barriers 91, 148, 209, 210,

224, 225

energy gap 2, 4, 6, 7, 12, 19, 20, 28,

33, 39, 100, 101, 103, 110,

111, 123, 125, 253, 256

epilayers 37–40, 42, 44, 48, 67, 69,

83, 89, 186, 193, 199, 200,

220, 221, 224, 261

deuterated/hydrogenated 192

hydrogenated 200

passivated 224

untreated 187, 200

EPR see electron paramagnetic

resonance

EXAFS see extended X-ray

absorption fine structure

EXAFS function 174, 175

EXAFS region 173–175

EXAFS signal 176, 199

EXAFS spectrum 174, 175

experiments 78, 79, 81, 83, 130,

131, 139, 140, 146, 147, 149,

150, 152, 159, 160, 162,

180–182, 190, 193, 196, 198

laser dissociation 73

laser-writing 50

optical spectroscopy 31

synchrotron radiation 205

extended X-ray absorption fine

structure (EXAFS) 170, 173,

176, 195, 197

Fermi energy 103, 109, 119

Fermi level 102, 131

Fick’s equation 233, 234

fluorescence yield (FY) 171, 172

FMS see full multiple-scattering

FMS simulations 187, 193, 194

Fourier transform 130, 175, 200

frequencies 43, 134, 148, 150,

154, 156, 158, 178, 235

angular 184

mode 135

phonon 148

scissoring 123, 124

vibrational 122, 141, 157

full multiple-scattering (FMS) 176

FY see fluorescence yield

Gaussian model 175

growth 19, 27, 32, 83, 261

epitaxial 191, 210, 229, 261

exponential 19

pseudomorphic 193

high-resolution X-ray diffraction

(HRXRD) 115, 122, 152, 153,

157, 167, 191, 194, 207–211,

213, 218, 221, 222
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H–impurity complexes 111

H-induced effects 32, 232

H-induced recovery 85, 256, 258

H-induced variation 101, 258

HRXRD see high-resolution X-ray

diffraction

hydrogenated samples 14, 35, 44,

54–56, 63–65, 70, 73, 83, 92,

134, 164, 190, 197–199, 253,

256

hydrogenation 3, 31, 32, 34–36,

38–40, 42–44, 46–48, 72–74,

83, 85, 89, 90, 95, 97,

161–163, 167, 230, 231

postgrowth 75, 82, 85, 86, 94,

96, 97

selective 227, 237, 239, 249,

258, 262

hydrogen diffusion 232, 233, 238

hydrogen doses 38, 40, 54, 62, 63,

83, 164, 195, 239

hydrogen effects 42, 43, 45, 47, 49,

51–53, 227

hydrogen incorporation 31, 32,

34, 49, 53, 54, 73, 95, 96

hydrogen irradiation 132, 136,

152, 167, 186, 204, 208, 219,

230, 252, 254–256, 258

hydrogen passivation 65, 92

hydrostatic pressures 6, 7, 31, 33,

57–59, 64, 65, 74

IBA see ion beam analysis

impinging photon 168, 182, 183

impurities 15, 16, 32, 75, 76, 99,

100, 110, 113, 117, 125, 127,

162, 163, 211, 213, 219, 232,

233, 237, 238

amphoteric 100, 110

charged 233

isoelectronic 99, 101, 117, 127,

162

isolated 16

shallow 100, 101, 110, 111

transition metal 106

in-plane BGE 231, 238, 239, 241,

252, 254, 259–261, 263

intensity 39, 43, 44, 47, 63, 66, 85,

93, 95, 132, 133, 135,

144–146, 155, 171, 172, 244,

246

diffracted 178, 180, 181, 183,

196

field 70

relative 142, 144–147, 151, 190

scattered 164

spectral-line 156

interaction 2, 5, 9, 11, 12, 18, 21,

56, 60, 61, 65, 71, 113, 199,

203, 232, 234

hyperfine 81, 82

local 125, 127

massive 167

quantum 33

two-level 33

ion beam analysis (IBA) 208, 214

irradiation 35, 36, 39, 42, 46, 47,

132, 133, 165, 167, 188, 190,

203, 231, 232, 243, 245, 251,

252, 256–259

isosurfaces 108, 112, 118

isotopes 81, 141, 216, 217

laser exposure 50, 51

laser light 48, 252, 255

laser powers 49–52, 73

lasers 19, 20, 25, 27, 28, 38, 48, 53

long-wavelength 129

nitride-based 28

tunable 36

vertical-cavity 5, 28

laser spot 50, 51

lattice 39, 66, 73, 126, 152, 153,

160, 166, 229

crystalline 219

host 33, 211
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perfect 16

periodic 210

lattice constant 34, 101, 126, 165,

230

lattice expansion 241, 247, 249,

256

lattice overshooting 115, 124, 126

lattice parameter 115, 163, 166,

167, 178, 190, 198, 199, 210,

211, 213, 220, 221

layer 42, 79, 155, 156, 196, 207,

209, 214, 220, 221, 223–225,

243, 256

absorbing 19

active 166, 178

hydrogenated 166

passivated 222

tensile 23

tensile-strained 23

local structure 125, 162, 170, 171,

173, 174, 176, 178, 191, 208

local vibrational modes (LVMs)

130, 134, 188

LVMs see local vibrational modes

magnetic fields 31, 54, 55, 57, 58,

68–70, 74, 79, 250

magnetic moments 81

magnetophotoluminescence 13,

54

masks 230, 231, 237, 260–262

method

empirical pseudopotential 114

experimental 34, 35, 182, 207,

208

finite-element 237

nanofabrication 250

numerical 176

spectroscopic 78

microscope 255

optical 53, 255

scanning electron 239

MIR see multiple-internal-

reflection

MIR geometry 154–156, 160

model 2, 6, 8, 9, 12, 13, 15, 71, 72,

97, 101, 112–114, 116,

188–190, 234, 236, 237, 243,

248, 249

anticrossing 3, 13

atomic-scale 160

classical 17

complex 199

desorption 51

oscillator 145

pictorial 112

scattering 16

structural 175

theoretical 114, 115, 122

two-level 11, 18

modes 123, 124, 132–137, 141,

172, 173, 262

confined cavity 228

electron detection 172

high-frequency stretch 141

out-of-plane 141

single-photon counting 36

transmission 171

monochromator 164, 166, 182

focal length 35, 36

four-crystal 212

multiple-internal-reflection (MIR)

130

nanophotonics 227–229, 262

nanostructures 170, 171,

227–229, 237–239, 243, 254,

261, 262

nearest neighbors (NNs) 196

neighboring atoms 79, 100, 169,

170, 173–175

N–H bonds 43, 45, 46, 50, 117,

131, 137, 140, 160, 194, 252,

255
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N–H complexes 29, 31, 39, 42, 43,

50–52, 73, 102–104, 113, 114,

116, 119, 121, 122, 185,

187–189, 194, 195, 198

N–H defect 40, 190

nitride alloys 1–5, 10, 14–18, 21,

28, 29, 34, 48, 52, 53, 72, 73,

167, 249

nitride lasers 4, 19–21, 23–25, 27,

28

nitride materials 231, 250, 255

nitrides 31, 32, 34–36, 38–40, 42,

48–50, 66–68, 72–78, 98–100,

159–163, 187, 188, 207–210,

218–222, 224–229, 232–239,

251–253

nitrogen concentrations 34, 37,

39, 56, 57, 70, 71, 195, 218,

234, 243

NNs see nearest neighbors

NRA see nuclear reaction analysis

nuclear reaction analysis (NRA)

167, 191, 194, 207–210, 214,

216, 217, 222, 223

nuclear reactions 209, 216–219,

223

ODMR see optically detected

magnetic resonance

ODMR intensity 86, 95

ODMR signals 79, 80, 85, 89, 90,

92–95

ODMR spectra 80, 81, 85–87, 93,

94, 96

ODMR technique 78–80, 87, 98

optically detected magnetic

resonance (ODMR) 75,

77–81, 85, 90, 92, 98

optical properties 1, 3, 29, 42, 43,

48, 53, 54, 73, 166, 229, 240

optical theorem 177, 178

passivation 40, 42, 66, 67, 76, 99,

101, 102, 104, 111, 112, 122,

123, 125, 127, 224, 225, 252,

255, 256, 258

electronic 31, 42, 100, 234

hydrogen-induced 93, 229

passivation rate 64, 66

paths 26, 175, 179

back and forth scattering 174

free 16, 17, 172, 189

mean-free 17

photoelectron-scattering 179

photoelectron 169, 170, 173, 176,

179, 189

photoluminescence (PL) 35,

40–42, 44, 47, 70, 74, 79, 97,

115, 163, 186, 191, 195, 201,

225

photon energy 70, 168, 170, 171,

185

photons 35, 182, 229, 253, 254

PL see photoluminescence

PL bands 41, 65, 92, 93, 164

PL emissions 79, 80, 85, 86, 91, 92

PL Intensity 37, 43–45, 79, 85, 86,

90, 92, 93, 164, 241

PL spectra 37–39, 41–45, 47, 57,

58, 62–64, 66, 67, 89, 164,

165, 240, 249

polarization 79, 143, 146, 175,

179, 181

polarized light 130, 142, 146, 147

properties 1–6, 8, 10, 12, 14–16,

18, 20, 31, 74–76, 99, 100,

102, 107–109, 207, 208, 227,

228, 258, 259

alloy 76

chemical 107, 113

electrical 258

local 116

magnetic 106

physical 32, 60, 73, 163, 190,

201, 204, 229, 237

polarization 245, 248, 249, 256
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semiconductor 100

structural 126, 191, 207, 208,

210, 220, 228, 236, 249

QDs see quantum dots

quantum confinement 231, 241,

243

quantum dots (QDs) 228, 229,

242, 250, 260

quantum wells (QWs) 2, 23, 24,

37, 42, 76, 178, 195–197, 199

QWs see quantum wells

QWs

hydrogenated 198

thin 166, 178

RBS see Rutherford back scattering

spectroscopy

RCs see rocking curves

recombination 25, 54, 55, 68, 77,

79, 80, 82, 92, 244

bound-hole 54

charged/multiple-exciton 244

defect-related 25

free-exciton 240, 241

radiative 25, 38, 80, 85, 94, 262

resonance-enhanced 86

recombination bands 56, 59, 63,

67

refractive index 230, 256–258

regions 16, 34, 41, 42, 68, 70, 110,

170, 189, 199, 230, 242, 243,

246, 254, 259

deuterated 42

extended energy 179

high-charge-density 108

high-density 108

high-energy 251

laser-treated 50

light-emitting 49

low-charge-density 110

low-density 108, 112

nanometer-sized 238

near-edge 170, 177, 193

near-surface 172

subgap 257

terahertz 34

wavelength 34

resonances 52, 81, 89, 255

electron paramagnetic 79

resonant defect levels 2, 3, 5, 10,

29

resonant states 6, 9

rocking curves (RCs) 153, 154,

220–222, 224–226

Rutherford back scattering

spectroscopy (RBS) 214, 215,

217

sample holder 219, 224

sample hydrogenation 35, 244

samples 35–43, 47–52, 54–65,

68–72, 74, 138, 139, 146, 147,

150, 151, 153–156, 164–166,

202, 212, 213, 217–219,

221–225, 235–240

deuterated 42, 122, 134, 138,

149

deuterium-irradiated 132

electron-irradiated 253

epilayer 94

hydrogenated GaNP 77

isotropic 174

lower-dose irradiated 42

masked 230, 260

nitride 14, 259

temperature-sensitive 53

unpatterned 241, 248

virgin N-containing 46

scanning electron microscopy

(SEM) 49, 51, 52

scanning near-field optical

microscope (SNOM) 53, 255

scattering 4, 15–17, 169, 170, 173,

176, 219
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band-edge 18

inelastic 184

n-type carrier 4, 16

resonant 15

scattering angle 215

scattering paths 176, 179

scattering theory 168

SDDs see Si drift diodes

SE see spontaneous emission

secondary ion mass spectrometry

(SIMS) 35, 42, 83, 191, 209,

236

SEM see scanning electron

microscopy

semiconductor

heterostructures 170, 171,

210

semiconductor lasers 19, 25

semiconductor materials 32, 79,

95, 227

semiconductor matrix 100, 232

semiconductors 32, 33, 35, 92,

100–102, 162, 163, 168, 169,

171–173, 175–177, 179, 181,

183, 185, 227, 229, 232, 233

alloyed 32

conventional 232

host 100, 101

narrow-gap 32

nondegenerate 17

Si drift diodes (SDDs) 172

signals 87, 175, 182, 185–187,

189, 202, 217

experimental 189

filtered 196

luminescence 36

multiline 95

shell 200

single-line 95

signal-to-noise ratio 130, 154,

155, 171, 172, 197, 212

SIMS see secondary ion mass

spectrometry

SIMS measurements 36, 74, 83,

236, 263

simulated ODMR spectra 86, 87,

91, 93

simulations 87, 107, 175, 176,

185, 187, 189–195, 197, 199,

201, 203, 213, 220, 221, 236,

239, 240, 261

finite-element 248

theoretical 103, 114

SNOM see scanning near-field

optical microscope

spectra 38, 40, 64, 67, 68, 70, 92,

94, 95, 143, 149, 151, 155,

193, 202, 203, 217, 219

bottommost 244

experimental 86, 176, 192, 194,

197

lowest 155

magneto-PL 54, 57

photoreflectance 7

raw 196

simulated 93, 189

topmost 243

vibrational 136, 141

spontaneous emission (SE) 25

strain

extra-compressive 257

local 66

random 150, 151

strain fields 245, 248

strain profiles 213, 220, 221

stress

biaxial anisotropic 248

built-in 248

tensile 247

stress direction 143, 147

substrate 19, 186, 193, 195, 196,

210, 211, 213, 224, 244

laser 25

patterned 251

thick 154, 213

supercells 10–12, 66, 102–104,

124, 139, 188
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telecom lasers 5, 19, 20

TEY see total electron yield

thermal annealing 3, 5, 29, 35, 43,

46, 47, 73, 77, 83, 85, 167,

186, 209, 210, 224, 258

thermal dissociation 50, 51, 73

total electron yield (TEY) 171, 172

transitions 43, 44, 54, 55, 67–70,

78, 79, 142, 144–146, 163,

183

carbon impurity 254

dipole-allowed 68

magnetic dipole 81, 82

radiative 248

spin-forbidden 81

spin-resonant 79

uniaxial stress 130, 142, 152, 160

valence band maximum (VBM) 33,

202–204

VBM see valence band maximum

VCA see virtual crystal

approximation

VCSELs see vertical-cavity surface

emitting lasers

vertical-cavity surface emitting

lasers (VCSELs) 19, 245

virtual crystal approximation

(VCA) 101

wavefunctions 11, 16, 55, 61, 168

carrier 250

electron–hole 241

final-state 169, 173

many-body 174

scattered 169

wavelengths 2, 19, 27, 37, 51, 169,

170, 228

photon 52

telecom 252

XAFS see X-ray absorption fine

structure

XAFS analysis 178

XAFS experiments 196

XAFS measurements 171

XANES see X-ray absorption

near-edge structure

XANES

fluorescence 190

fluorescence-mode 185

interpretation links 177

nitrogen-edge 189

simulated 187

XANES experiments 186, 191,

195

XANES spectra 176, 188, 193,

202

XES see X-ray emission

spectroscopy

X-ray absorption fine structure

(XAFS) 168, 170–173, 178,

182, 184, 185, 198, 204

X-ray absorption near-edge

structure (XANES) 140, 152,

153, 157, 170, 173, 176, 185,

188–191, 193–195, 201–203,

205

X-ray diffraction (XRD) 101,

161–163, 165, 167, 178, 185,

186, 195, 198, 199

X-ray emission spectroscopy

(XES) 162, 168, 182, 184,

204, 205

XRD see X-ray diffraction
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