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— S-layers 304, 305

— tobacco mosaic virus (TMV)  302-304
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Index

PR (AZ4330) patterning by
photolithography 209

pseudo-PBGs (PPBGs) 351, 354

pseudopotentials 9

pulsed laser deposition 116

pulsed metal-organic CVD (MOCVD)
process 256

pulsed vapor infiltration (PVI)

PVA fiber matrix 289

PVD. see physical vapor deposition (PVD)

pyridine catalyst 114, 407

279

q
quadrupole mass spectrometry (QMS)

239, 402
— crystals 286
quantum dot film 231
quantum simulations 4
— calculation of properties using 10
— finite and extended 8, 9
quarter-wave optical thicknesses
quartz crystal microbalance (QCM)
402
quartz crystal microgravimetry 276
quasineutrality 134
quaternary compounds studied, in ALD 414,
415

231,

378
71, 231,

r

radical flux 149

rates of reaction, calculation 12, 13

refractive index 366, 378, 379

- of an Al,03/TiO, composite 380

— linear dependence of nanolaminate 379

resistive RAM (ReRAM) 174, 178, 179

resistivity of TaN films 147, 148

— deposited using Ta[N(CH3),]s as a
precursor 147

retarding field energy analyzer (RFEA)

RF-driven inductively-coupled plasmas

Rh films 212

ring-opening reaction 86, 91, 96

roll-to-roll ALD processes 116

roll-to-roll production environment 117

Rutherford backscattering analysis 34

Rutherford backscattering spectroscopy
(RBS) 231

r values, of oxygen radicals

136
141

151

S

sacrificial layers 162

SAMs. see self-assembled monolayers (SAMs)
szS3

— conformal heteroepitaxial deposition 256

— photonic band diagram and reflectance
spectra 355

— SEM image of Sb,S; wires 255

— VLS growth of binary semiconductor NWs
Sb,S; 255

scanning electron microscopy (SEM) 231

— AAO membrane surface showing hexagonal

arrangement 234
— arrangement of silica beads 346
— cross sections
——of ALD TiO, inverse opals 238

—— SEM images of ALD Cu,S film 232
—— SEM images of FIB-cut MEMS cantilever
coated with 233
—— through completely backfilled
structure 362

— fabricated

—— RCAT DRAM cell 164

—— S-RCAT DRAM cell 164

— of FeRAM cell structure 177

— fractured frustule after TiO, coating 316

— heavily sintered synthetic silica opal 353

— of interconnect stack up to MT8 185

— micrographs of ACCs consisting of titania/
silica 214

— multilayered inverse opal

— MWCNT array 333

— omega-shaped gate ZnO nanowire
field 257

— silica aerogel vs. ZnO ALD cycles

Schrédinger equation 5

secondary ion mass spectrometry
(SIMS) 231

self-assembled monolayers (SAMs)
195-197, 199-201, 284

— patterning by using SPM 215

self-limiting binary reaction 272

- sequence 272

self-limiting reactions, for MLDgrowth

— using two homobifunctional reactants 84

SEM. see scanning electron microscopy (SEM)

semiconductor devices 161

semiconductor nanowires

— coating single crystals

361

241

256

semiconductor nanowires (NWs) 254
Si—Cl/Si-OR, condensation 73
silanols 102

silica aerogel

—vs. ZnO ALD cycle, SEM images 241

silica deposition 72

silica gel 238-240

— ALD Al,O; infiltration measurements vs.
TMA exposure 239

silica-rich nonstoichiometric silicates 74



silicon 69, 405
silicon trenches
silver 403
simulated body fluid (SBF)
Si precursor 75

Si wafer surface 305
S-layers 304

232

318

sodium dodecyl sulfate (SDS) 329

soft materials

— ALD for

—— bulk modification of natural and synthetic
polymers 279, 280

—— polymer sacrificial templating 280-283
—— polymers for passivation, encapsulation,
and surface modification 274-279
- Al,O3 ALD
—— mechanisms on PP, PVA, and PA-6, 290,
291

—— on polyamide 6, 289, 290

—— on polypropylene 286-288

—— on polyvinyl alcohol 288, 289

— atomic layer deposition on  271-274

— patterned and planar SAMs and surface
oligomers

—— ALD nucleation on  283-285

— representative polymer materials

—— Al,O3 ALD reactions on  286-291

solar cells. see also organic solar cells (OSCs)

— development 257

— dye sensitized 306

— grown on plastic substrates

sol-gel chemistry 61, 62

sol-gel in solution 61

—and in ALD, differences between 71

sol-gel technology 76

solid oxide fuel cells (SOFCs) 215, 393

solid-state reaction, of ZnO-TiO, core-shell
NWs 262

solution-based processes

spinel MgAl,O, nanotubes

— formation 266

sputtering 116, 133, 161, 173, 183, 185, 180,
261, 262, 264, 331

Staphylococcus aureus 319

step coverage models, in ALD 28

— experimental verifications  34-37

— Gordon’s model 28-31

—— assumptions 28

—— exposure time estimation 29

—— flat surface 29, 30

—— stoichiometric requirement 29

—— tubular structure 30, 31

- Kim’s model 31-34

——assumptions 31

117

271

Index

—— film thickness 33, 34

—— precursor flux 33

—— reemission mechanisms 33
sticking coefficient 229
sticking probability of radicals
Stober method 73

strain energy 17

structural properties, of Al,O; layer
— FTIR spectroscopy 112

— TEM images 111-113

substrate potential 135

151

111

subwavelength nanostructured optics 382
sulforhodamine B 315

surface chemistry 135

surface diffusion 136

surface passivation, of crystalline Si 152, 153

surface properties, change of 195

— inherent surface reactivity 203, 204

— polymers 201-203

— self-assembled monolayers
199-201

— vapor-phase deposition 204, 205

surface reaction 4, 6, 8, 14

— during ABC alucone growth 89, 90

—in ALD 14-16, 281

— formation of Sr(OH), and Ba(OH), and loss
of 406

— hampered at surfaces

— heats of reaction 86

— kinetics 66

— mechanism 90

— during MLD with TMA and EG 89

— rates, and processes 136

— TMA/OH surface reaction 272

surface recombination probability 137

synthetic opals  349-352

— GLAD techniques 350

— IHEISA technique 352

— Langmuir-Blodgett (LB) technique 352

— optical structure 351

— sedimentation process, to fabricate

195-197,

114

351

t
Ta [N(CH3),]s precursor
tantalum films 403
Ta,05-Al,03 nanolaminate 383
teflon 416
TEM analysis. see transmission electron
microscopy (TEM) analysis
tensile test curves, of silk fiber 309
ternary compounds, studied in ALD 414, 415
tetraethoxysilane (TEOS) 74
tetrakis(diethylamido)titanium
(TDEAT) 200

147

433
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Index

tetrakis(dimethylamido)titanium
(TDMAT) 200, 319
tetrakis(dimethylamido)zirconium
(TDMAZ) 200
tetrakis(dimethylamido) zirconium(IV)
(TDMA(Zr)) 113, 200
tetrakis(dimethylamino)hafnium [Hf(NMe,)],
34
tetrakis(ethylmethylamino)hafnium
(TEMAH) 34, 35
tetramethylaluminum (TMA)
— —Si(CH3),~O-linkage 100
thermal ALD processes 146
thickness evolution, of Pt and PtO, films
thickness profile, of TiO, film 37

203

148

thin film electroluminescent (TFEL) 358,
378

thin film encapsulation 383-385

thin film gas diffusion barriers 117-119

three-dimensional photonic band
structures 349

through-silicon via (TSV) technology 162

TiN ALD layer nucleation 275

TiO,

— Al,O3 nanolaminates 380
— nucleation 280
— photocatalytic effect 260

TiO, nanoparticles. see also nanoparticles
— applications 251

TiO,/NiO ALD nanolaminates
Ti—-O-Ti bond formation 75
TiO,/ZnO nanolaminates 380
Ti precursors 145, 200, 202, 280
titania/alumina ALD nanolaminates
titania deposition, from Ti(O;Pr)s 69
titania nanoparticles, for ALD 69
titanicone MLD films 86

titanium isopropoxide (TIP) 202, 279
titanium oxide (TiO,) 123, 354
titanium tetrachloride (TiCly) precursor
titanium tetraisopropoxide 36, 302

— thickness profile of TiO, film 37
titanium tetraisopropyl oxide 113
titanium tetramide (Ti(NH,),) 200
TMA 285, 287

— chemisorption 236
— exposure 238

— injection time 36

— water ALD processes
— water cycles 272
tobacco mosaic virus, ALD on 283
transition states (IS) 5

— calculation of 10-12

— first-order saddle points on system PES 10

380

380

201

272

transmission electron microscopy
(TEM) 111, 112, 230, 282

— ALD Al,03-coated ZnO nanorods

~ ALLO; ALD

—— on ethanol-dispersed SWCNT

bundles 334

—— onto polyvinyl alcohol fibers

— Al,Os-coated SWCNT 332

— Al,03-TiO, nanolaminate with 17
alternating sublayers 388

— alumina-coated titania
nanoparticles 252

— broken storage node 165

— carbon aerogel 243

— CNTs coated with V,0,

— Cu nanoparticle chains

- neat Al,Os layer 112

— nonreactive polypropylene fiber 275

— NO,/TMA functionalized MWCNT after 50
ALD cycles 335

—nylon 6 fibers 290

— one branched tube of MgAlL,O,

— one MgO-MgAlL, O, core-shell
nanowire 266

— one Zn,Si04 nanotube with Au
nanocrystallites 264

— of polypropylene 287

— polypropylene after coating using
TMA/water 287

— of self-assembled organic multilayer/TiO,
nanolaminate films 385

— smooth surface texture 288

— TMV treated with TiO, by ALD 303

— untreated MWCNTs after 50 ALD cycles of
Al,O; 335

— ZnAl,O, nanotubes 262

— ZnO nanowires shelled by TiO,
layer 263

— ZnO-TiO,; core-shell nanowires 260

transmission electron microscopy (TEM)
analysis 278

transparent conductive oxides (TCOs)
3006, 317

tridecafluoro-1,1,2,2-
tetrahydrooctyltrichlorosilane (FOTS)

triethylenediamine (TED) 103

trilayer NWs 264

trimethylaluminum (TMA) 14, 16, 18, 34, 66,
85, 86, 88, 91-93, 97, 99, 101, 105, 199, 203,
229, 237, 239, 272, 276, 277, 281,
285, 287, 288, 290, 291, 302, 331, 332, 337,
407, 416

tris(8-hydroxyquinolinato)aluminum
(Algs) 277

262

288

336
259

266

204



tris(8-hydroxyquinoline) gallium (GaQs)
nanowires 283

tunable PC structures 366—369

u

ultrahigh vacuum (UHV) environment 72

ultrathin hybrid nanolaminates 385

UV-induced wetting transitions 276

UV radiation, in plasmas 152

v

vacuum ultraviolet (VUV) radiation 152, 153
vanadium oxide—-CNT composite 329

van der Waals forces 352

van der Waals interactions 195, 305, 328
vapor deposition techniques 271
vapor-phase atomic layer deposition 272
vibrational partition functions 10

w

wafer level 162, 179, 180

W/ALO; layers 380

water vapor transmission rates (WVTRs)
118, 124, 276, 277

—vs. Al,03/ZrO, nanolaminate
thickness 117

water window 380

wave function-based quantum simulations 5,
6

wave function methods

117,

5-8

X

X-ray diffraction theory 346

— Bragg peak 346, 347

X-ray photoelectron spectroscopy (XPS) 76,
102, 288, 411, 412

X-ray reflectivity (XRR)

— analysis of TMA + GL MLD films 96

— for characterization of ultrathin
materials 381

—scan of an ABC MLD film 99

— spectra of nanolaminates of alternating
W/ALO; layers 380

Index

4
Yablonovite structure 350

yttrium-stabilized zirconia (YSZ)

— for fuel cell applications 207

— to reduce thickness of electrolyte 393
— selective deposition of Pt films on 215
— small grain sizes 393

z

zero-point energies 10

zincone MLD films 86

zinc selenide 378

zinc sulfide (ZnS : Mn) films
358, 378

zirconium tetramide (Zr(NH,)4)

zirconium tetrat-butoxide 86

ZnAl mixed metal oxide (MMO)
framework 315

ZnO ALD cycles

— for quantum dot film 231

— SEM images of silica aerogel vs. ZnO ALD
cycles 241

— vs. mass gain and Zn EDAX signal,
on silica aerogel 241

ZnO ALD films 103, 104, 235

ZnO-Au-Al,O; system 265

ZnO-coated collagen 280

ZnO-coated porous alumina 318

ZnO film coverage 34

ZnO, for transparent conducting
electrodes 216

ZnO inverse opals, optical
properties 360

ZnO nanolaminates 380

ZnO nanoparticles 266, 331

ZnO NW surface 258, 260

ZnO oxide semiconductor
channel layer 177

Zn0-Si0,, reaction 264

Zn-porphyrin 310

Zn,SiO4 nanotube 264

Zr0, films 417

Zr precursor 113, 200
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