
Index

a
ab initio methods 214
absorption coefficient 170, 330
AC signal 522
acceptor blend 166
– supersaturation 166
acceptor-type conjugated polymers 95
acrylate monomers 499
aerosols 537
air-stable polymer devices 272
– achievement 272
alkyl chains 5, 345
alkyl-substituted polycarbazole polymers 98
alternating polyfluorene copolymers

(APFOs) 76
alumina films 495
alumina layers 499
aluminosilicate barrier 497
amorphous films 477, 480
anionic semiconductor species 233
annealing spin-cast thin films 29
anodic alumina template 339
antistatic coating 213
– applications 213
Arrhenius-like thermal activation 206
arylene vinylene based low-bandgap

polymers 140
atomic force microscopy (AFM) 302, 391
– surface topography images 71
atomic layer deposition 495
Auger recombination process 193
Auger spectroscopy 27

b
backbone melting 10
balance of system (BOS) 543
ball-to-ball distances 163
Barix-coated plastic film 500

Barix multilayer technology 498
Barix process 504, 505
Barix resin system 499
benzo-ethylene-dioxythiophene 214
BHJ-based devices 174
bicontinuous interpenetrating network 59
black rollers 435
blending polystyrene (PS) 526
Boltzmanns constant 284
balance of modules (BOM) 554
bright-field TEM
– images 316, 320
– micrographs 309, 311
built-in intramolecular charge transfer 109
bulk-heterojunction (BHJ) 57, 59, 155, 165,

193, 284, 300, 319, 368, 348, 544
– architecture 347
– layers 375
– phase-separated 266
– photoactive layer 302
– photovoltaic devices 63, 94, 380
– solar cells 134, 138, 263, 269, 376, 382, 383,

544
– systems 309

c
cadmium-indium-gallium-selenide (CIGS)

543
cadmium telluride (CdTe) 543
Cadogan ring closure reaction 97
carbazole-based monomers 104
carbazole-based polymers 96, 111, 115, 121
– ladder-type 96, 100, 103, 111, 121, 124, 125
– structure 110
carbazole moiety 95
CdSe nanoparticles 181, 186, 199
– concentration 199
– synthesis 181

j567

Organic Photovoltaics: Materials, Device Physics, and Manufacturing Technologies.
Edited by Christoph Brabec, Vladimir Dyakonov, and Ullrich Scherf
Copyright � 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-31675-5



charge-carrier mobility 494
charge-transfer absorptions 18
charge-transport properties 179
chemical vapor deposition (CVD) 497
classic silicon-based solar cells 245
close-packed self-organized layers 109
close-packed titania mesopores 340
coefficient of linear thermal expansion

(CLTE) 474
coffee stain effect 76
common cleaning techniques 219
– plasma cleaning 219
– UV ozonizing 219
– wet cleaning 219
concentration-dependent optical behavior 102
conductive polymers 245, 251
– largest shortcoming 251
conjugated polymers 368, 375, 385, 494
conjugated triblock copolymers 85
consumer electronics 555
conventional oil and gas 536
copolymers backbone 109
copper-metallized PET foils 523
copper phthalocyanine (CuPc) 230
corona device 521
cost-effective production process 425
cost-intensive printing 520
Coulomb interaction 180, 206
– long-range 205
crystal-packing effects 169
crystalline films 474
crystalline silicon modules 553
cubic zinc blend structure 184
current-voltage
– behaviors 192
– characteristics 186, 287
– curve 23, 202, 460, 463
cyclic voltammetry (CV)
– data 266
– experiments 121
mobile phones, see consumer electronics

d
Debye-Scherrer analysis 29
Debye-Scherrer diffraction rings 19
deposition techniques 375
– large-scale 375
– liquid-state 513
device film 173
– processes 185
– structures 332
dimethylformamide (DMF) 225
dimethylsulfoxide (DMSO) 220
dip coating 342

dispersion polymerization 247
– approach 255
donor-acceptor composites 179
– photovoltaic cells 266
donor-acceptor-donor segments 140
donor-acceptor interface 160, 300, 346, 348,

336, 337
donor-acceptor heterojunctions 57
donor-acceptor layer 206
donor-acceptor material 197, 202
donor-acceptor system 198, 451
– hybrid 368
donor blend 166
drift-diffusion motion 202
dye-sensitized photovoltaic cells 229
dye-sensitized solar cells (DSSC) 26, 58, 66,

181, 189, 244, 340, 370, 544

e
EDOT 215
– oxidative polymerization 215
electric field 346
electrical doping 226
electricity European exchange (EEX) 547
electrochemical oxidation 217
– approach 145
– characterization 144
– techniques 206
electrodes 332, 371, 426, 437, 441, 522
– structure 458
electroluminescence images 70
electron acceptors 189
electron-deficient heterocycles 130
electron-deficient phenyloxadiazoles 62
electron-donating monomers 130
electron diffraction patterns 311
electron donor 323
electron-hole pairs 272, 293, 331
– distance 288
electron-hole transfer 197
electron injection barriers 28
electron spectroscopy for chemical analysis

(ESCA) 27
electron-transport layer 21
electron transfer 333, 347
electron transport materials (ETMs) 59, 63, 204
– domains 22
– mechanisms 205
electronic circuitry 472
electronic printing process 519
electronic relaxation process 199
electrophilic substitution reaction 100
electropolymerization 96, 146, 343, 347
electrostatic force microscopy (EFM) 72

568j Index



ellipsometric data 435
ellipsometry 448
encapsulation process 504
– technology 506
energy conversion efficiency (ECE) 58
energy-filtered TEM (EFTEM) 307
energy storage systems 551, 552
energy transfer 350
enthalpic interaction 338
environmental scanning electron microscopy

(ESEM) 75
EPIA, see European Photovoltaic Industry

Association
equatorial wide-angle reflections 112
equatorial X-ray scattering intensity

distribution 123
ethylene vinyl acetate copolymer (EVA) 494
European Photovoltaic Industry Association

(EPIA) 544
evaporation processes 454
exciton diffusion 347
– length 332, 350
exciton harvesting 344, 347
exciton transport 197
external quantum efficiencies (EQEs) 58,

330, 334, 363
– curves 122
– spectrum 338

f
Förster process 197
Fermi level alignment 232
Fermi level pinning 233, 331
field-dependent measurements 205
field effect hole mobilities 256
field effect transistor (FET) 129, 144, 255
flexographic printing 518, 525
Flory–Huggins parameter 301
fluorene alkyl substituents 78
fluorenone containing copolymers 86
fluorine-doped tin oxide (FTO) 331, 364
fossil fuel 531, 537
fullerene-based electron transport 164
fullerene derivative 165, 169, 173
– absorption 169
– domains 19
– materials 171
– stability 173
– variations 165

g
gas-phase 513
geminate recombination 202
generic polymer 180

– structure 180
glass-based displays 479
glass substrates 492
global warming 534, 537
gravure printing 519, 525
grazing emission X-ray fluorescence

(GEXRF) 28
grazing incidence small-angle X-ray 29
greenhouse gases 537
gross domestic product (GDP) 533

h
healing damaged devices 30
heat transfer coefficient 434
high angular annular dark field detector

scanning transmission electron microscopy
(HAADF-STEM) 225

high-boiling solvents 227
high-density data storage 472
high-efficiency devices 86
high-efficiency polymeric solar cells 300
high electron affinity 332, 368
high-energy-absorbed photon 193
high open-circuit voltage 188
high-performance devices 257, 322
high-quality conjugatedpolymer brushes 195
high-quality inorganic films 498
high-resolution microscopy techniques 302
highest occupiedmolecular orbital (HOMO)

100, 160, 231, 291, 300, 331, 445
hole-collecting electrode 180
hole-extracting layers 229
hole injection barriers 28
hole transport materials (HTMs) 58, 64
holographic microprisms 455
HOMO-LUMO
– bandgap 213
– gap estimation 16
– levels 64, 78
– transition 226
homogeneous thin films 455
HT-PAT polymorphs 9
HT-PHT films 27
HT-PT electron transport 17
HT-regioregular polythiophenes 7, 9, 17, 18,

25, 30
HT-HT sequences 9
– architecture 5
HTPT films 26
Hubbert graph 536
Hubbert law 537
hybrid organic 26
– nanocrystal solar cells 229
hydrolysis-resistant automotive wiring 472

Index j569



i
ideal photovoltaic device 206
ideal polymer 79
idealized single-layer device 59
IMI systems 435, 436, 437
in situ PEDOT films 216
in situ polymerization 341, 343
– layers 213
– polythiophene 371
incident photon to current efficiency (IPCE)

58
indium-tin oxide (ITO) 220, 331, 428,

435, 493
– coated foil 526
– electrode 136, 253, 291, 363, 441, 426, 462
– film 441
– replacement 250, 251
inherent surface smoothness 478
inkjet printing 75, 76, 173, 518
inline measurement system 434
infiltration techniques 347
inorganic crystalline semiconductors 221
inorganic material 371
inorganic nanocomposites, see Hybrid organic
inorganic nanowires 348
inorganic semiconductor 179, 385
– nanoparticles 179, 202
inorganic solar cells 93
insoluble Fullerene layers 169
Institute for Solar Energy Systems (ISE) 464
Institute of Microsystem Technology

(IMTEK) 464
insulator-to-metal transition 249
insulator-metal-insulator 435
interdigital electrode geometry 447
internal quantum efficiency (IQE) 195, 450
International Panel on Climate Change

(IPCC) 538
intersystem crossing process 199
intrinsically conducting polymer (ICP) 213
inverted tandem cell structure 274
ion beam milling 27
ion beam technique 28
ion-solvating functional groups 67

k
Kelvin probe 232, 233
– measurements 366
Knoevenagel polycondensation 141

l
Lawessons reagent 142
light-absorbing material 243
light-emitting diodes (LEDs) 93, 135, 137

light-induced degradation 230
light-scattering measurements 256
liquid crystalline mesophase 12
lithographic structuring 442
long-term stability 228
long-wavelength emission 269
low-bandgap
– analogues 78
– building blocks 130
– materials 76, 167
– nanoparticles 192, 197
– polymers 81, 82, 121, 130, 136, 143, 146,

147, 171, 349
– segment 130, 135
– sensitizers 62
low current densities 334
low-energy hole 22
low-energy ion bombardment 430
low induced stress 494
low-lying conduction band, see High electron

affinity
low-mobility polymer 333
low-performance technology 557, 558
low-resistance domains 23
low-temperature transitions 10
lowest unoccupied molecular orbital

(LUMO) 4, 264, 291, 300
– level 159, 231
– variation 170
luminescence decay 201
LUMO–LUMO gap 349
LUMO–LUMO drop 349

m
macromolecular chemical design 116
macroscopic single domains 14
MALDI-TOF mass spectroscopy 216
mapping techniques 71
maximum power point (MPP) 290
MDMO-PPV 313
– matrix film 313, 314
mean carrier drift length 285
measurement techniques 344
MEH-PPV 335
melting temperatures 347
mesoporous titania/polymer 337
metal-assisted cross couplings 14
– reactions 5
metal electrodes 445
metal-insulator-metal (MIM) model 230
metal-like conductivity 96
metal oxide-polythiophene 365
metal oxide nanoparticle 189, 376
– devices 197

570j Index



metal oxide networks 385
metallic electrode 331
methylene dioxythiophene (MDOT) 214
microcrystalline domains 9
microelectronics industry 517
microreplication technologies 441
microstructure 452
microwave absorption studies 249
mobile ionic impurities 28
module efficiency 459
moisture barriers 496
molecular-scale structure 202
monochromatic illumination 267, 343
monomer vapors 499
monomeric units 99
Monte Carlo techniques 206
– approaches 207
– modeling 202
– simulations 499
morphology fixation 169
morphology mapping 70
multicomponent system 165
– phase diagram 165
multilayer polymer tandem solar cell 273
multiple electron-hole pairs 193
multiple exciton generation 193

n
nanocrystal device 181
– classes 181
nanocrystal materials systems 181
nanocrystal photovoltaic device, see Generic

polymer
nanocrystalline ZnO 373, 378
nanoimprint lithography (NIL) 339, 517
nanoparticle 375
– devices 196
– films 335
– shape 184
nanopillars 341
nanoporous devices 335
nanoporous metal oxide 369
nanoporous TiO2 368
nanoporous titania films 329, 335, 342
nanoscale phase separation 76
nanoscale structure-property relationships 9
nanostructure 333, 341
– electrodes 442
– geometry 348
– ideal structure 195
– metal oxides 368
– photovoltaic device 195, 197
– photovoltaics 181
– polymeric devices 341

– pores 385
nanowires, see Nanopillars
National Renewable Energy Laboratory

(NREL) 245, 491, 551
near-field scanning optical microscopy

(NSOM) 72
near-field scanning photocurrent microscopy

(NSPM) 72
near infrared (NIR) 170
– photons 301
neutral conjugated polymers 245
new renewable energies (NRE) 539
next-generation organic photovoltaics 30
nickel-catalyzed reaction 96
– Yamamoto polymerization 97
nitrogen-bridged ladder-type polymer 100, 108
nonamphiphilic dye 352
nonoptimum phase morphology 273
nonspace-charge-limited devices 289
nonuniform electric field 287
n-type semiconductors 26, 162
nuclear power 534

o
oil shortage 534
open-circuit energy level diagrams 65
open-circuit voltage (Voc) 21, 57, 134, 191,

193, 206, 231, 364, 459, 503
optical absorption spectra 19, 369
optical simulations 448
optimal device thickness 289
optimized blend compositions 167
– cyclohexafullerenes 167
OPVC fabrication 526
organic composite photovoltaics

(OCPV) 329, 347
– OCPV models 329
organic electronic devices 299, 443, 447
organic field effect transitors (OFETs) 514
– circuits 517, 522, 524
– devices 527
organic hole transport materials 251
organic light-emitting diodes (OLEDs) 58,

213, 447, 491, 514,
– displays 485, 500
– materials 484
organic light-emitting polymers 471
organic moieties 250
– low-cost processability 250
organic photovoltaic (OPV) 3, 552
– absorber 492
– cells 494
– devices 155, 165, 446
– effect 165

Index j571



– modules 552
– technologies 552
organic photovoltaic cell (OSC) 58, 59, 202,

213, 246, 434, 491, 514, 549
– devices 93, 245, 443, 447
– technology 26
organic polymeric materials 129
organic semiconducting materials 93
organic semiconductors 5, 17, 471, 513
organic solar cell 218, 244, 455, 448, 457, 463,

491, 492, 552
– architecture 458
– devices 65
– electrode interface 441
– PEDOT-type materials 218
organic thin-film devices 220
Organization for Economic Cooperation

and Development (OECD) 531
organometallic derivatives 215
– metal-catalyzed coupling 215
organometallic synthesis 217
Ormecon dispersion process 249
ortho-dichlorobenzene (ODCB) 294
oscillator circuits 524
oxidant sodium peroxodisulfate 215
– polymerization 215
oxidative polymerization mechanism 215
oxygen-doping effects 15
oxygen-scavenging role 269
oxygen plasma treatment 230

p
Pacific Northwest National Laboratories

(PNNL) 497
particle size distribution (PSD) 222
phenyl-C61-butyric acidmethyl ester (PCBM)

18, 166, 310
– assembly 18
– clusters 316
– crystals 166, 316, 318
– domains 310, 311, 316, 319, 322
– films 312, 314
– heterojunctions 319
– molecules 314
– nanocrystals 311, 316, 320
– phase separation 20
– polymer solar cells 287, 315
PCNEPV domains 305, 308
PDI-based device 118
– chemical structure 214
PEDOT 217, 218
– buffer layers 218, 229, 453, 455
– polymeric salts 216
– preparation 218

– properties 218
– redox states 217
– role 229
Peoples Republic of China (PRC) 543
perylene-based dyes 116
perylene dicarboximide antennae moiety 169
perylene monodicarboxiimide (PI) 62
perylene tetracarboxydiimide (PDI) 117
phase-segregated mixture 252
phenylene vinylene (PPV) derivative 61
phosphoric acid groups 332
photoactive layer deposition 255
– productive tool 255
photocurrents 364
– density 289
– generation 17
photodegradation reactions 482
photoinduced absorption (PIA) 369
– measurements 199
photoinduced ESR experiments 369
photolithography spin-coated

semiconductor 523
photoluminescence images 70
photoluminescence quenching 68, 199, 343
photoluminescence spectral data 338
photoreaction mechanisms 481
photoresist structures 442
photovoltaic 549
– applications 185
– cells 336, 343
– conversion efficiency 254, 264, 491
– conversion solar energy 283
–devices 26, 117, 122, 179, 181, 190, 243, 250,

368, 375, 376, 382, 391
– energy 551
– fabrication method 253
– main steps 284
– polymers 250
physical vapor deposited (PVD) 497
PIA spectroscopy 369, 378, 379
planar heterojunction photo-voltaic cell 364
planar metal oxide 363
planar zinc oxide (ZnO) 363
plasma enhanced chemical vapor deposition

(PECVD) 497
polychlorotrifluoroethylene (PCTFE) 496
polyester films 471
polyethylene naphthalate (PEN) 426, 471,

472, 496
– films 472, 475, 477, 478, 479, 480, 497
polyethylene terephthalate (PET) 425,

471, 475
– films 472, 477, 478, 479, 480
– heat-stabilized 485

572j Index



– substrates 251, 502
polyethylenedioxythiophene (PEDOT)

dispersions 247
polymer 68, 75, 181, 196
– bandgap 349
– blends 380, 383
– chains 333, 338, 346, 472
– dopant system 257
– engineering 349
– films 473
– flexibility 22
– influence 257
– matrix 312
– metal oxide 368
– mobility 344, 346
– morphology 257
– nanowires 348
– optical spacer 263
– organic solar cells 255
– phase separation 21
– photovoltaic devices 57, 243, 252
– physical processes 196
– production 243
– solar cells 18, 125, 263, 271, 272, 299, 311,

322, 375
polymeric semiconductor-based solar cells

(PSCs) 299
polymethylmethacrylate (PMMA) 339
polystyrene sulfonic acid (PSS) 215
polythiophenes 3, 4, 10, 226
– controlled crystallization 291
– derivatives 332
– optical properties 226
– orientation 291
– phase 23
– plasticizers 12
– polymer chains 291
power-law decay 205
power conversion efficiency (PCE) 23, 57, 80,

264, 334
precipitation kinetics 166
precipitation thermodynamics 166
printing techniques 517
– process 525
pump-down curve 433
pump-probe spectroscopy 199
– absorption measurement 193
PV module installation 548
pyrrole-containing polymers 78

q
quantitative structure activity relationship

(QSAR) analysis 174
quantum-conned systems 180

quantum efficiency (QE) 263
quantum rods 184
– formation 184
quasi living process 5
quasi-steady state photoinduced absorption

experiment 203
quasi-two-dimensional behavior 16
quenching effects 173

r
radiative force (RF) 537
Raman spectroscopy 70, 71
random copolymers 143
rapid charge-pair recombination process 192
rapid spin coating 7
red-absorbing fluorine copolymer 189
red-shifted absorption 293
red-shifted optical absorption 7
reel-to-reel process 85, 442
refractive index 346
renewable energies (RE) 539, 553
– source 546, 548
residual charge moieties 217
resonant energy transfer (RET) 350, 351
rigid film 480
rigorous coupled wave analysis (RCWA) 448
ring oscillators 522
roll-coating equipment 432
roll-coating machines 429, 431, 436
roll-to-roll capable photolithography 523
roll-to-roll fabrication 514
roll-to-roll printing techniques 491
roll-to-roll processes 243, 522, 526
root-mean-square roughness 229
ruthenium dye 335
Rutherford backscattering spectrometry

(RBS) 16, 28

s
SAED analysis 318
sandwich-structure devices 204
scanning electron microscopy (SEM) 119,

302, 337, 341
scanning Kelvin probe microscopy

(SKPM) 71
scanning probe microscopy (SPM) 302
scanning transmission X-ray microscopy

(STXM) 74
Schottky-Mott framework 232
Schottky–Mott model 207, 232, 233
secondary ion mass spectrometry (SIMS)

29, 74
selected area electron diffraction (SAED)

analysis 19, 302

Index j573



selenium-trioctylphosphine complex 184
self-assembled monolayer (SAM) 291
semiconductor-dielectric interfaces 520
semiconductor interface 231
semiconductor nanoparticles 179
– advantages 179
semicrystalline polymers 344, 345, 475
semiladder-type polymer 104
short-circuit current 23, 24, 348, 349, 376,

452, 455, 503
– density 348, 382, 450, 461, 463
– scales 461
side chain melting 10, 12
silicon-based PV 493
silicon-based solar cell 243, 428
silicon hybrid solar cells 229
single-layer laminate sheets 496
single-wall carbon nanotube (SWCNT) 231
single-walled nanotubes (SWNT) 25
single solar cells 277
– characteristics 277
singlet oxygen (O2) 173
– net generation 173
– quantum yield 173
small-angle neutron spectroscopy 224
small-angle reflections 112
sol–gel process 272
– titanium oxide 263
– solution-based 264, 269
solar cells 229, 332, 341, 367, 441, 442,

491, 544
– buffer layer 229
– industry 426
– market 425
solar simulating devices
– arc lamps 482
– xenon 482
solar spectrum 334
solid-state crystalline order 9
solid-state devices 67
solid-state spectra trend 15
solid-state structure 6, 24
solid-state transfer methods 513
solution-processed devices 189, 190
solvent-plasticized chains 13
solvent effect 225
Solvophobic interactions 8
source-drain current 256
– saturation regime 256
Soxhlet extraction 15, 28
space-charge-limited (SCL) 286, 289, 306
space-charge density 205
spin-cast films 256
– photoluminescence spectra 256

– process 168
spin-coated films 75, 311, 316, 516
spin-coated polymer layer 336
spray pyrolysis method 335, 342, 429
sputtering process 429
stable charge-transfer-like configuration 233
stable colloidal suspensions 7
standard operating procedure (SOP) 503
state-of-the-art inorganic solar cells 283
state-of-the-art nuclear power plants 542
state-of-the-art performing devices 155
– fullerene derivatives 155
state-of-the-art polymer-fullerene cells 336
streak camera measurements 199
structure-property relationship 129
substituent-dependent processes 12
sulfonated polyaniline (SPAN) 253
– layer-by-layer deposition 253
surface potential mapping 72
Suzuki-type polymerization 97
Suzuki coupling 105
Suzuki polycondensation 100

t
tandem cell architecture 263, 272, 273
tandem solar cells 143
tandem structure 273
– electronic absorption spectrum 273
temperature-accelerated degradation

mechanisms 500
temperature-dependent generation rate 288
temperature-dependent measurements 205
terawatt (TW) energy 549
tetradecylphosphonic acid (TDPA) 184
tetrapods 184, 185
– growth 185
TFB-rich domains 69, 73
thermodynamic equilibrium systems 246
thermopower measurements 249
thickness-dependent maxima 24
thin blend film 301
thin-film absorption spectra 16
thin-film devices 95, 229, 448
thin-film electrodes 428
thin-film encapsulation 498
thin-film inorganic PV materials 492
thin-film inorganic solar modules 496
thin-film photovoltaic (PV) cells 197, 220
– optical design 197
thin-film PV technology 554
thin-film technology 543
thin polymer flms 310
thin semiconductor films 516
thin transparent films 26

574j Index



thiophenes 135
– electron-donating strength 135
three-dimensional (3D) device

architecture 441
time-correlated single-photon counting

199, 201
time-of-fight (TOF) measurements 294
time-resolved luminescence

measurements 199
time-resolved microwave conductivity

(TRMC) 363
titania-based OCPVs 329, 331, 347
titania films 347
– layer 331, 336
– nanostructure 337, 339
titania precursor 334
titania templates 329
titania/polymer solar cell 331
– bilayer 335
titania/polymer system 334, 352
titanium dioxide 264
– nanoparticles 189
– sintered films 189
TM-polarized light 452
totalprimaryenergysupply(TPES)growth 531
transient absorption spectroscopic

techniques 78
transition metal oxides 231
– inorganic buffer layers 231
transmission electron microscopy (TEM)

273, 302, 341
transparent conductive oxide (TCO) 331,

441, 429
– electrode 251, 331
– material 428
transversal magnetic (TM) polarization 443
trisopropylsilylethyny-substituted pentacene

(TIPSEP) 146
TRMC technique 368, 390
twist glass transition 12
two dimensional polycyclic aromatic

hydrocarbons 116
two-layer system 169
two-phase model 12
two-phase transitions 246

u
ultrasonic nebulizer 335
ultraviolet photoelectron spectroscopy (UPS)

133

UV light exposure 228
UV stability 481
UV–Vis absorption 77, 78, 109
– band edge 16
UV–Vis spectroscopy 73, 257, 133

v
vacuum system 432
vanadium (III) oxide (V2O3) 231
various coating methods 514
vertical phase morphology 73
vibronic structure 7
vinylene dioxythiophene (VDOT) 214
voltage-dependent photocurrent 330

w
water-soluble polymer 215
water vapor transport rate (WVTR) 496
WAXS experiments 123
weak interaction 316
well-formed thin films 68
well-ordered nanoscale morphology 109
whisker formation 168
wide-bandgap inorganic semiconductor

363
winding system 433, 434
witness cells 504
Wittig condensation 144
wrap-through device 459, 461

x
X-ray contour maps 9
X-ray diffraction (XRD) 216, 264, 341
X-ray diffractometry 111
X-ray photoelectron spectroscopy (XPS)

337, 386
xerox process 96
XPS depth proling technique 270

y
Yamamoto polycondensation reaction 98,

103, 105
Youngs modulus 479, 480

z
ZAO 428, 435
zero-loss-ltered 308
ZnO films 388
ZnO nanoparticles 190, 191, 377, 379
ZnO nanorod 374

Index j575




