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Bloch electron 270
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free 231–232, 241, 244, 280,
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nonequilibrium 164, 166–167,
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carrier diffusion coefficient

153–154
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carrier multiplication 12, 14–15,
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carrier relaxation, direct 241

CCD, see charge-coupled device
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transfer
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charge-coupled device (CCD) 150

charge trapping 279, 284, 295
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chemical vapor deposition (CVD)
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confinement effects 320–321, 323,
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theory of 205, 207, 209, 211,

213, 215, 217, 219, 221, 223,

225

Coulomb-driven charge transfer

(CDCT) 194–199

Coulomb matrix elements, effective

186, 188–190

crystalline materials 47, 109, 258,

265–268

CVD, see chemical vapor deposition

dark-field transmission electron

microscopy (DFTEM) 110

density functional theory

(DFT) 67, 69, 77, 87–88, 155,

184, 204, 218

density of states (DOS) 215,

219–220, 222–223

density of states, electronic 221,
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DFT, see density functional theory
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243–245, 392
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EELS, see energy electron loss
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(EMA) 29, 31, 53, 78–81, 84,

218
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(EPR) 228–229, 238–239,

363

electron relaxation 187, 189, 197
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116, 120–122, 126–128, 131
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electronics, solid-state 203
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electrons

donor 117, 215, 217–218, 241,

243

hot 6, 159, 272, 286–287

EMA, see effective medium

approximation

energy electron loss spectroscopy

(EELS) 238

energy-filtered transmission

electron microscopy

(EFTEM) 113, 115, 294

EPR, see electron paramagnetic

resonance

EQE, see external quantum

efficiency

ESR, see electron spin resonance

ethanol 359, 361, 364

exciton dissociation 371–372, 374

excitonic effects 68, 87, 89, 91, 333

external quantum efficiency

(EQE) 370–372

femtosecond phenomena

154–155, 157, 159, 161, 163

fullerenes 18, 318, 356–358,

369–371, 374

GBs, see grain boundaries

generalized transfer matrix

(GTM) 45, 47–48, 52

germanium 16, 22, 163–164, 170,

204, 317, 319, 384

germanium band structure 164

germanium nanocrystals 243,

325, 335–337, 347–348

germanium nanoparticles 28, 30,

34, 163

germanium nanostructures 35,

319–320, 324–325, 327, 333,

342–343, 345, 347–348, 384

synthesis of 324–325, 327

germanium quantum dots 320,

325, 327–328, 336–348

germanium quantum wells 320,

324, 328–329, 331–333

light absorption in 329, 331,

333

grain boundaries (GBs) 109, 122,

131, 205, 207, 209, 221, 280,

390

graphene 18, 27, 36, 319, 357

group IV nanocrystals 203–204,

206, 208, 210, 212, 214, 216,

218, 220, 222, 224, 226, 228,

230, 232

group IV nanostructures 16–17,

19, 22

GTM, see generalized transfer

matrix

HEMTs, see high-electron-mobility

transistors

high-efficiency silicon-compatible

photodetectors 343, 345–346

high-electron-mobility transistors

(HEMTs) 280

high-energy photons 14, 147, 382,

393

high-resolution transmission

electron microscopy

(HRTEM) 110, 112, 387

high-temperature annealing 103,

109, 388, 395, 399, 403

highest occupied molecular orbital

(HOMO) 34, 75, 101, 219,

221, 223, 225

HOMO, see highest occupied

molecular orbital

HOMO–LUMO gap 76, 221, 223

HRTEM, see high-resolution

transmission electron

microscopy
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impact ionization 14, 16, 184, 272,

286

interband transitions 320–321,

323

interface bonds 209–210, 221

interface defects 118, 121–122,

129, 131

interface polarization effects 85

internal quantum efficiency

(IQE) 16, 344–346

ion implantation 66, 163,

324–325, 396

ionization energy 215, 217, 219

IQE, see internal quantum

efficiency

Krönig–Penney models 258,

260–261

laser pyrolysis 66, 385–386

LFE, see local-field effects

light absorption efficiency 333,

341, 348

light absorption enhancement

328, 339–340, 342

light-induced degradation

383–384, 415

light management 19–20

local-field effects (LFE)

78, 83–84, 89–90

low-dimensional nanosystems

178, 181

lowest unoccupied molecular

orbital (LUMO) 34, 72, 75,

101, 219, 221, 223, 225, 244,

370

LUMO, see lowest unoccupied

molecular orbital

matrix materials 102, 104, 115,

242, 388, 392, 415

MD, see molecular dynamics

MEG, see multiple-exciton

generation

metal-insulator-semiconductor

(MIS) 343, 413

metal-oxide-semiconductor

field-effect transistors

(MOSFETs) 118, 204, 206

microelectronics devices 318, 329

MIS, see metal-insulator-

semiconductor

modulation doping 240–243, 245,

280, 392–393

molecular dynamics (MD) 70, 185,

196

MOSFETs, see metal-oxide-

semiconductor field-effect

transistors

multiple-exciton generation

(MEG) 12, 16, 147, 168, 178,

415

nanocarbon materials 355–357,

369, 371, 374

nanocrystal superlattices

262–263, 265, 267, 269, 271,

273, 275, 277, 279, 281, 300

transport in 267, 269, 271, 273,

275, 277, 279, 281

nanocrystalline materials 256,

272

NDC, see negative differential

conductance

negative differential conductance

(NDC) 268–270, 306–308

nitrogen 106, 400

nonradiative recombination 127,

146, 181, 183, 213, 233

O-terminated silicon nanocrystals

365–366, 369
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OH-terminated silicon

nanocrystals

231, 362

OH-terminated silicon quantum

dots 218, 223

optical absorption 68, 75, 77,

82–83, 88, 91, 103, 266, 348

optical band gap 41, 322, 332,

334, 339, 341–342, 371, 394

optoelectronic devices 240, 268

optoelectronics 262, 264, 319

PECVD, see plasma-enhanced

chemical vapor deposition

photocarriers 145, 153–154,

166

photoexcited carriers 13, 150,

152–154, 171, 387

photogenerated carriers 10, 342,

344

photoluminescence 32, 100, 171,

182, 221, 232, 329, 382,

387–388, 393

photon absorption process 322,

338, 341, 348

photons, low-energy 12–15, 393

photovoltaic applications 115,

264, 289

photovoltaic solar cells, basic

principles of 5, 7, 9

photovoltaics, advanced concepts

for 10–11, 13, 15

plasma doping, self-regulatory

211, 213, 226–227

plasma-enhanced chemical vapor

deposition (PECVD) 103, 106,

114, 263, 267, 283, 289,

368–369, 385–387, 397, 411

QC, see quantum confinement

QCE, see quantum confinement

effects

QDs

see quantum dot

see quantum dots

quantum confinement (QC) 34, 66,

75–77, 99–100, 102, 128,

130–132, 242, 268, 328–329,

333–334, 355–356, 360,

384–385, 414

quantum confinement effects

(QCE) 186, 189, 261–262,

318, 320, 323, 329–330,

332–334, 336, 338, 342, 348,

356, 358, 414–415

quantum dot (QD) 65–66, 68–75,

77, 79–82, 85–87, 90–91,

99–103, 107–109, 117, 223,

225, 241–242, 327–329, 337,

339–340

quantum dots (QDs) 66–67,

71–72, 74–76, 78–79, 82–84,

86–87, 112–113, 130–132,

214–215, 217, 262–263, 319,

324, 334, 347–348

quantum dots

amorphous 70, 90, 108

embedded 74–75, 80, 83, 88

small 73, 76, 88, 90, 225

quantum wells (QWs) 27, 237,

255, 257, 261–263, 275, 299,

302–303, 319, 324, 329, 332,

348, 384

QWs, see quantum wells

Raman spectroscopy 109–110

rapid thermal annealing (RTA)

111, 129, 206, 211–212, 388,

413

RTA, see rapid thermal annealing

Schrödinger equation 258, 265,

300, 303

SCR, see space charge region
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SCs, see solar cells

SE, see spectroscopic ellipsometry

secondary ion mass spectroscopy

(SIMS) 228, 238–239

semiconducting SWCNTs

357–358, 370–372, 374

semiconductors

amorphous 42–43, 237, 264,

266, 278, 281–282, 322

bulk 14, 16, 179, 336

silicon-based nanostructured

superlattices, electrical

transport in 255–256, 258,

260, 262, 264, 266, 268, 270,

272, 274, 276, 278, 280, 282,

284

silicon carbide 382, 394, 397, 405,

408

silicon lattice 206, 212–213, 234

silicon nanoclusters 108–109,

381–382, 384, 386, 388, 390,

392, 394, 396, 398, 400, 402,

404, 406, 408

silicon nanocrystal colloids 357,

359, 373

silicon nanocrystal doping 214,

218, 236, 238, 244

silicon nanocrystal films 117,

388–390, 393–394, 396–397,

400, 403

silicon nanocrystal formation 110,

205, 236, 387, 395, 399

silicon nanocrystal networks,

interconnected 205, 214, 236,

238, 244

silicon nanocrystal photovoltaic

devices 408

silicon nanocrystals, surface

engineering of 359, 368, 373

silicon nanocrystal solar cells 385,

393

silicon nanocrystal surface

engineering in liquids

358–359, 361

silicon nanocrystal surface

tunability, efficient 357

silicon nanocrystal synthesis,

direct 385, 414

silicon nanocrystals 99, 116–117,

119, 121, 123, 125, 127, 129,

291, 303, 305, 397, 403, 405,

408

conventional doping of 217,

230, 393

engineered 369, 374

free-standing 103, 212, 231,

245

growth of 111, 242, 387, 412

hydrogenated 186, 188

luminescent 115

monodisperse 386, 415

n-type 364, 372

optoelectronic properties of

355–356, 365

p-type 363, 373

quantum-confined 357–358

solid-phase crystallization of

387, 396

surface-engineered 355–356,

358, 360, 362, 364, 366, 368,

370, 372, 374

silicon nanostructures 145, 147,

150

silicon nitride 268, 304–306

silicon quantum dots 2, 66, 68, 70,

72, 74, 76, 78, 80, 82, 84, 86,

88, 90

silicon-rich carbide (SRC) 105,

289, 293

silicon-rich layers (SRLs) 387

silicon-rich oxide (SRO) 49, 51,

105–106, 112, 115, 237, 283,

399

silicon solar cells 230, 236,

386–387

silicon wafers 118–119, 121, 394,

397, 399, 407–408
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SIMS, see secondary ion mass

spectroscopy

single-walled carbon nanotubes

(SWCNTs) 357–358, 369,

371–374

solar cell applications 190, 385

solar cell performances 178–179,

183, 374, 415

solar cells (SCs) 2, 16, 19–21,

205–206, 355, 357, 369,

371–372, 382, 384, 386,

389–390, 410, 413, 415

solar cells, membrane-based

p–i–n 396, 403–404

solids, amorphous 265, 267

space charge region (SCR)

236–237, 389–390

spectrophotometry 27–28, 30, 32,

34, 36, 38, 40, 42, 44, 46, 48,

50, 52–53

spectroscopic ellipsometry

(SE) 28, 36, 47–48, 53

spectroscopy, time-resolved

terahertz 153

SRC, see silicon-rich carbide

SRLs, see silicon-rich layers

SRO, see silicon-rich oxide

SWCNTs, see single-walled carbon

nanotubes

tandem cells (TCs) 12–14,

382–385

TAT, see trap-assisted tunneling

Tauc plots 42–43, 331, 335,

339

TCOs, see transparent conducting

oxides

TCs, see tandem cells

TDDFT, see time-dependent

density functional theory

TEM, see transmission electron

microscopy

thermal annealing 337, 387, 396

time-dependent density functional

theory (TDDFT) 88

time-resolved terahertz

spectroscopy (TRTS)

153–154

TMM, see transfer matrix method

transfer matrix method (TMM)

101, 128

transmission electron microscopy

(TEM) 110, 112, 130, 227,

238, 283, 360, 367

transparent conducting oxides

(TCOs) 384, 396

trap-assisted tunneling (TAT) 219,

278, 285, 287, 310

TRTS, see time-resolved terahertz

spectroscopy

ULSI, see ultra-large-scale

integration

ultra-large-scale integration

(ULSI) 204, 206, 226

vacuum states 188, 190, 192

Wannier–Stark ladders 271,

308–309

X-ray absorption near-edge

spectroscopy (XANES) 239

X-ray diffraction (XRD) 109–110,

130

XANES, see X-ray absorption

near-edge spectroscopy

XRD, see X-ray diffraction
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