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a-chloroacrylate, 477
vy-butyrolactone, 163
o orbitals, 179

1,1,3,3,5,5-
hexamethylcyclotrisilazane,
551
1,1-diphenyl-2-picrylhydrazyl,
350
1,1-diphenylethylene structure, 376
1,1-diphenylethylene, 626
1,2-diazepines, 370
1,3-benzenedisulfonic acid ester, 299
1,3-bis(3-methacryloxypropyl)
tetramethyldisiloxane, 709
1,3-dimethyl-2-imidazolidinone
(DMI), 163
1,3-dimethyl-2-imidazolinone, 163
1,3-dimethyl-
tetrahydropyrimidinone, 163
1,4-di(acetoxymethyl) benzene, 361,
378
1,8-diazabicyclo(5.4.0)undec-7-ene,
420
1-benzocylcohexanol,4-
methylmercapto-o,a-dimethyl-
morpholino acetophenone, 402
1-hydroxy cyclohexyl phenyl
ketone, 709
I-mercapto hexadecanoic acid, 28
1-ox0-2-diazonaphthoquinone-
4-sulfonate, 297

773

1-ox0-2-diazonaphthoquinone-

S-arylsulfonate, 297
1-0x0-2-DNQ-4-arylsulfonate,

307
1-0x0-2-DNQ-5-arylsulfonate, 306
1-phenyl-1,2-propanedione-2-O-

benzoyloxime, 402
1H,1H-perfluorooctyl methacrylate,

388

2,1,4-DNQ-sulfonate, 307
2,1,5-DNQ-sulfonate, 307
2,2-diethoxyacetophenone, 401
2,2'-azobis(butyronitrile), 399, 506
2,2,5-trimethyl-4-phenyl-
3-azahexane-3-nitroxide, 653
2,2,6,6-tetramethylpiperidinoxy,
650
2,6-bis(4-azidobenzal)-
4-methylcyclohexanone, 344, 346
2,6-dinitrobenzyl benzenesulfonate,
297
2- or 4-phyenydiphenyl sulfide,
315
2-butoxyethyl acetate
(butylcellosolve acetate), 164
2-chlorothioxanthone and
2-isopropylthioxanthone, 406
2-(dimethylamino)ethyl
methacrylate, 649
2-ethoxyethyl acetate (cellosolve
acetate), 164
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2-hydroxy-2-phenyl-propan-1-one,
709

2-hydroxyethyl methacrylate, 649

2-methoxypropyl-protected poly
(p-hydroxystyrene), 539

2-nitrobenzyl esters of sulfonic
acids, 297

2-nitrobenzyl esters, 297

2-vinylpyridine, 636, 647

(3-acrylopropyl)
methylbis(triethylsiloxy)
silane, 709

(3-acryloxypropyl)
tris(trimethylsiloxy) silane, 709

3-methoxysilylpropyl methacrylate,
144

4,4'-diazidobenzalacetone, 345
4,4’-bis(dimethylamino)
benzophenone, 405
4,4'-diazidobenzophenone, 345
4,4'-diazidostilbene, 344
4,6-bis(trichloromethyl)-1,3,
5-triazine, 496
4-acetoxystyrene, 506
4-azidochalcone, 347
4-dimethylaminophenyldiazonium
chloride, 372
4-ethylphenol, 504
4-hydroxystyrene, 513
4-methyl-2-pentanol, 390
4-nitrobenzyl esters of sulfonic
acids, 297, 299
4-nitrobenzyl tosylate, 299
4-nitrobenzyl-9,10-
dimethoxyanthracene-
2-sulfonate, 297, 299
4-tert-butyl(dimethyl)siloxystyrene,
507
4-vinylbenzyl acetate, 378
4-vinylpyridine, 636, 649

5-(2-trifluoromethyl-1,1,1-trifluoro-
2-hydroxpropyl)-2-norbornene
(NBHFA), 374

aberrations, 123
absorbance, 50, 177
absorber defects, 251
absorber structures, 731
absorption, 173
absorption spectrum, 177
accelerator, 114
acceptor, 258
acetals, 507
acetone, 118, 162
acetophenone, 272, 399, 401
acid production

quantum yield, 61
acid-base neutralization reactions, 67
acidity strength, 179
acidolysis, 506
acids, 166
acridine yellow dye, 291
acrylates, 708
acrylonitrile, 477, 623
acryloxytrimethylsiloxane, 709
actinic radiation, 322
activation energy, 58
addition polymerization, 622
additives, 397
adhesion promoter, 15
adhesion to the substrate, 322
aeration cell, 740
airborne molecular contaminants,

207, 209

ammonia, 139

sulfur dioxide, 139

water vapor, 139
alcohol, 144
aldehyde, 332
alkali bases, 65
alkoxybenzyl radicals, 400
alkoxysilanes, 147
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alkylhalide, 627
alkyllithiums, 627
alkyltrichlorosilane, 715
aluminum mirrors, 133
amide groups, 152
ammonia, 207, 63, 451
ammonium dichromate, 334
ammonium fluoride, 113
ammonium sulfate, 222
ammonium sulfate crystal, 732
amorphous silicon, 135
amorphous SiO,, 122
amphiphilic polymer, 92
angular velocity, 18
anionic fluorosurfactants, 144
anionic polymerization, 615
anode, 706, 732
anodic dissolution, 705
anodic oxidation, 731
anthracene, 257
anthraquinone, 403
anti-adhesive coating, 706
anti-reflection coatings, 130

inorganic, 134

organic, 134

top, 135
anti-sticking properties, 714
antibonding electrons, 211
antibonding orbital, 212
antifoaming agents, 166
antioxidants, 397
aromatic ketones, 274
aromatic monazines, 59
Arrhenius plot, 57
aryldiazonium salts, 289
arylmethyl sulfones, 297, 299
arylsulfonates, 296
aspect ratio, 98
asphalt, 745
atom transfer polymerization, 648
atomic number, 137
atomic oxygen, 219
attenuation, 207

Auger electron spectra, 229
Auger electrons, 51

average (expectation) value, 150
Avogadro’s number, 178

azide groups, 73

azido groups, 348

azo-coupling reaction, 439
azobis (butyrolnitrile), 389

back end of line (BEOL), 161

bandgap, 122

base additive, 53

bases, 45, 166

Beer-Lambert law, 50

benzene, 634

benzenesulfonate, 299

benzoflavin dye, 291

benzoic acid, 687

benzoin, 399-400

benzophenone, 257, 304, 311

benzoyl peroxide, 399, 506

benzoyl radicals, 400

benzyl acetate, 361

derivatives, 378

benzyl alcohol, 361

benzylic hydrogen, 297

benzyloxycarbonyl, 313

benzyloxycarbonyl derivatives, 311

bilayer resist, 549

binary intensity mask (BIM), 135

binders, 144, 166, 396

birefringence, 122

bis(2, 4, 6-trimethylbenzoyl)-
phenylphosphineoxide, 709

bis(bromomethyl)benzene, 647

bis(dimethylamino)dimethylsilane,
551

bis-azide/cis isoprene, 279

bis-diaminoalkyl-oligo-
dimethylsiloxane, 554, 566

bis-tetrafluoroboratetetrakis
(cyanomethane)palladium, 526

bitumen of Judea, 142, 145, 321, 745
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blank inspection, 171

block copolymer self-assembly, 608

block copolymers, 4, 608

block domain periodicity, 663

blueprint chemistry, 439

Boltzmann constant, 129, 192, 665

Boltzmann distribution equation,
192

bonding electrons, 211

boron, 704

borosilicate glass, 136

bottom anti-reflection coatings, 7,
560

boundary condition, 18

Brillouin scattering, 28

Bronsted acid, 55, 289

bromobisphenol-A, 491

Brownian motion, 748

bubbles, 43

buffering agents, 166

bulk modulus, 111

bulk toughness, 111

butadiene, 634, 636

butyl acetate, 40

butyl acrylate, 709

butyl carbitol, 162

butyl cellosolve, 162

C-alkylation, 363

Ceo fullerene, 420

camera obscura, 325

camphorsulfonic acid, 651

cantilever beam mechanical model,
99

capacitors, 161

capillary forces, 103, 693

carbanions, 624

carbitol acetate, 163

carbo-z-butoxy norbornene, 524

carbon deposition, 4

carbon nanotube, 140

carbon oxidation, 4

carbon tetrafluoride, 115

carbonates, 623
carbonization, 234
carbonyl, 55
carbonyl groups, 152
carboxylic acid, 55, 297
case II Fickian diffusion, 79, 82
catadioptic imaging systems, 133
catalytic chain lengths, 575
cathode, 706, 732
cation, 66
cationic initiators, 427
cationic polymerization, 525, 615,
617
cationic polymerization steps
chain transfer, 656
nitiation, 656
propagation, 656
termination, 656
cationic ring-opening
polymerization, 599
ceiling temperature, 548
Cellosolve® acetate, 326
centrifugal forces, 17
ceramic nanoparticles, 710
ceric ammonium nitrate, 114
chain transfer, 634
chain-scissioning reactions, 279
charge distribution, 179
charged particles, 187
charged-particle lithography, 4
charging mechanism, 752
Charlesby’s theory, 392
chemical amplification, 48
chemical amplification of resist lines
(CARL), 554, 559
chemical etching, 114
chemical quenching, 258
chemical resistance, 322
chemical shrink techniques, 559
chemical vapor deposition (CVD), 15
chemically amplified resist (CAR),
29, 279
SU-8, 418
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chemically induced CD shrink
techniques, 564

chemistry and lithography
interaction matrix, 4

chemoepitaxy, 614, 676

chlorobenzene, 156

chloroform, 162

chloromethyltriazine, 378

chrome, 135

chrome masks, 114

chrome-on-glass mask, 136, 733

chromic acid, 162

chromium absorber, 114

chromium ions

migration, 139

chromium oxide, 739

chromophore, 328

chuck marks, 35

cinnamic acid, 327

cinnamoyl chloride, 326

cinnamoyl group, 327

circuit boards, 321

Claissen rearrangement, 253

close-packed spheres, 670

co-initiator, 398

co-ions, 758

CO, laser, 202

CO, pulsed lasers, 250

collisional transfer quenching,
264

colloid chemistry, 4

colloidal crystals, 694

colloidal dispersion, 745

colloidal particle self-assembly,
608, 693

colloidal stability, 750

colloidal systems, 745

colloids, 166

comets, 37

compaction, 129, 207

complimentary metal-oxide
semiconductor (CMOS), 12

compressed dry air, 170

compressional stress, 152
Compton scattering, 280
concentration gradients, 33
concentration-cell corrosion, 732
condensables, 209
condensation, 144, 252
condensation reaction, 338
condensed phases, 750
conducting polymers, 707
conductivity, 714
conjoining pressure, 23
conservation of angular
momentum, 173
conservation of energy, 173
constructive/destructive interference
effects, 134
contact angle, 16, 103
contact electrification, 705
contact line pinning, 611
contact printing, 170
cooperative dynamics, 29
corrosion, 731-732
corrosion inhibitors, 166
Coulombic interaction, 180, 259
counterion, 294, 758
coupling agent, 642
coupling reactions, 643
crevice corrosion, 732
critical aspect ratio of collapse, 558
critical deprotonation model, 85
critical dimension (CD), 9
control, 115
uniformity, 67, 208
critical wavenumber, 25
crosslinkers, 396
crosslinking, 12, 73, 252
radiation-induced, 142, 321
statistical theory of, 392
crosslinking agent, 359
crosslinking yield Gy, 287
crystal originated pit (COP), 24, 43
crystalline CaF,, 122
crystallographic orientations, 239
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cyclobutanes, 330
cyclohexane, 634
cyclohexanone, 40, 66, 156
cylinder (C) phase, 670

de-embossing, 716
de-ionized water, 112
Debye length, 756
Debye-Hiickel approximation, 768
decompaction, 129, 207
defocus, 123
degree of crystallinity, 27
degree of polymerization, 150
demolding, 716
demolding force, 714
densification, 104
depolymerization, 252, 436, 486
deprotection, 53, 58, 73, 253, 436
Derjaguin’s approximation, 769
developer
stability, 7
development rate log slope, 80
Dexter energy transfer, 265
Dexter exchange transfer, 265
diacetoxyzirconium(IV) oxide, 341
dialkyl-4-hydroxyphenyl sulfonium
salts, 427
dialkylphenacyl sulfonium salts,
294, 427
diamond, 703
diaryl disulfones, 299
diaryl sulfones, 297
diaryliodonium salts, 290
diazaonaphthoquinone (DNQ)/
novolac resists, 146
diazo-Meldrum’s acid, 468
diazonaphthoquinone (DNQ), 306
diazonaphthoquinone (DNQ)/
novolac, 279
diazopiperidine dione, 468
diazopyrazolidine dione, 468
diazotetramic acid, 468
diazotization, 371

dichromated colloids, 142, 321
dichromated gelatin, 142, 279, 321
dielectric breakdown, 733
dielectric constant, 751
dielectric permittivity, 684
Diels—Alder cycloadduct, 355
Diels—Alder reaction, 524
dienes, 623
diethylene glycol, 164
diethylene glycol monoethyl ether,
163
diethyleneglycol dialkyl ether, 163
diffraction, 699
diffuse electric double layer, 752
diffusion blur, 561
diffusion coefficient, 29, 90, 742
diffusion process, 161
diffusional quenching, 263
Dill model, 51
diluents, 163
dimethyl siloxane, 636
(dimethylamino)trimethyl tin(IV),
429
dimethylformamide, 118, 162
dimethylsilyldimethylamine,
551
dimethylsulfoxide, 118
dimethylsulfoxide (DMSO),
163
dimethyltin dichloride, 429
dioxane, 162
dioxetanes, 221
dip-coating, 694
diphenyliodonium
8-anilinonaphthalene-
1-sulfonate, 292
diphenyliodonium 9,
10-diemethyoxyanthranene-
2-sulfonate, 292
diphenyliodonium salts, 290
dipolar interaction, 259
dipole, 175
dipole moment, 66
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dipole orientation factor, 260

dipole resonance, 259

dipole—dipole interactions, 69, 152

dipropylene glycol, 164

direct sensitization, 279

directed block copolymer self-
assembly lithography, 4

directed self-assembly, 608

directional crystallization, 611, 684

discharge-produced plasma, 200

disjoining pressure, 25

dispersion, 69, 745

dispersion relation, 25

dissociation, 752

dissociative electron attachment, 282

dissolution inhibition, 48, 253

dissolution rate, 74

di(zert-butylphenyl) iodonium
perfluorobutanesulfonate, 496

di-tert-butyl peroxide, 522

DLVO theory of colloidal stability,
750, 770

DNQ-4-sulfonate, 443

DNQ-5-sulfonate, 443

domain sizes, 668

donor, 258

dopants, 209

double bond, 625, 660

double-layer forces, 72

double-layer thickness, 763

dry etching, 114

drying stimulator, 166

edge placement errors, 589
Einstein coefficients, 177, 193
elastic bending, 102
elastic deformation, 154
elastic modulus, 152
elastoplastic model, 102
electric dipole moment, 175
electric field, 175, 735
electric-field-induced metal
migration, 208

electrical discharge, 194

electrical field strength, 733

electrical short circuits, 732

electrification-induced
electrochemical corrosion, 743

electrochemical corrosion, 705

electrochemical imprint
lithography, 7, 705, 743

electrochemical phenomenon in
lithography, 733

electromagnetic oscillatory force,
175

electromagnetic spectrum, 146, 169

electromigration, 3

electromobility, 760

electron beam curing, 108

electron sources, 205

electron transfer quenching, 263

electron-beam heating, 559

electron-withdrawing group, 625

electronic collisions

inelastic, 108

electronic state, 174

electronic transition, 178

electrons, 187

electrophile, 359, 383

electrostatic discharge, 3, 139,
207, 733

electrostatic potential, 748, 753

electrostatic potential distribution,
757

electrostatic repulsive force, 750

electrostatic repulsive interaction,
72

elementary charge, 205

embossing temperature, 716

endo-peroxides, 221

endothermic energy, 272

energy migration, 268

enthalpy, 548

entropic depletion, 693

entropic forces, 665

entropy, 548
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environmentally stable chemically
amplified photoresist
(ESCAP), 29
episulfides, 425
epoxides, 166
equation of motion, 18
equilibrium contact angle, 16
ester, 55
esterification, 252
etch rate, 117
etchant solution, 112
etching
anisotropic, 116
ethanol, 249
ethyl acetate, 66
ethyl lactate, 144, 710
ethylacrylate, 351
ethylene glycol, 164, 166
ethylene oxide, 636
ethylenediaminetetraacetic acid, 336
ethyleneglycol diacetate, 164
ethyleneglycol mono-acetate, 164
EUYV photons, 51
evaporation, 693
effects, 20
evaporative cooling, 67
excimer, 193
excimer laser sources, 190
excimer lasing media, 190
exciplex, 193
exciplex laser lithographies
ArF, 136
KrF, 136
exciplex lasers
ArF, 146
KrF, 146
exciplex lasing media, 190
excitation schemes, 190
excited complex, 193
excited dimer, 193
exciton, 267
exponential attenuation of
radiation, 50

exposure environment
environment chemistry, 3

exposure source, 169

exposure tool optics, 3

exposure wavelength, 129

extinction coefficient, 50

extreme ultraviolet (EUV)

lithographic exposure tools, 4

fall-on particles, 43

field emission, 205

field-induced discharge, 735

film stability, 24

film-forming resin, 143

first-order processes, 182

flare, 130

flares, 37

flexural (bending) stress, 152

Flory—Huggins interaction
parameter, 665

fluorescence spectroscopy, 58

fluorescence transition, 182

fluorine radical, 115

fluoroantimonic acid, 423

fluorophores, 58

fluorosulfonates, 290

focused ion beam, 251

footing, 63

formamides, 162, 311

Forster resonance energy transfer, 259

fountain solutions, 166

Fourier transform infrared (FTIR)
spectroscopy, 56

Fox—Flory equation, 151

Fox—Flory parameter, 151

fractionation, 643

free energy, 274

free volume, 45, 151

free-electron laser, 203

free-radical polymerization, 525

frequency, 174

frequency multiplication, 610

front end of line (FEOL), 161
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full width half maximum (FWHM),
123

fullerenes, 354

fume exhaust, 17

functional group transformation, 73

fungicides, 166

furfuryl groups, 383

fused silica, 122

galvanic corrosion, 732
gel, 79, 704

layer, 79
gel point exposure, 393
gelation theory, 393
germanium, 704
germinate recombination, 276
ghost images, 133
glass, 703
glass transition temperature 7,

104, 129, 716

glycidyl methacrylate, 351, 478
glycol esters, 164
glycol ether esters, 164
glycol ethers, 162, 166
glycol monoalkyl ethers, 163164
glycols, 164
gold, 137, 710
Gouy-Chapman theory, 753, 756
graphoepitaxy, 614, 676
gravitational force, 748
gravity, 22, 693
Grignard reagents, 627
ground state, 223
Grun’s formula, 109
gum arabic solution, 324
gyroid (G) phase, 670

Hiickel equation, 762

hafnium, 704

hafnium chloride, 428
halogenated hydrocarbons, 162
Hamaker constant, 25

hard mask, 549

hardbake, 104

haze crystals, 4

heterogenous catalysts, 661

hexahydroxybenzphenone, 97

hexamethyldisilazane (HMDS), 14

high-energy ionizing radiation, 187

high-energy particles, 114

high-pressure arc lamp, 188

highest occupied molecular orbital,
186

homogenous catalysts, 661

Hund’s rule of maximum
multiplicity, 180

hydration, 74

hydrodynamic volume, 71

hydrofluoric acid, 15, 162

hydrogen bonding, 29, 69

hydrogen embrittlement, 739

hydrogen fluoride, 113

hydrogen peroxide, 162

hydrogen silsequioxanes, 384

hydrogenation, 660

hydrolysis, 144, 383

hydroperoxides, 221

hydrophilic overlayer, 559

hydrophilic sites, 92

hydrophilic surface, 14, 16

hydrophilic-hydrophobic
interactions, 322

hydrophobic interactions, 72

hydrophobic resist, 14

hydrophobic surface, 16

hydroquinone, 407

hydroxyethyl methacrylate, 351

hydroxyl radical, 218, 224

hyper-numerical-aperture imaging,
559

hypsochromic spectral shifts, 61

ideal solvents, 71
illumination optics, 169
image log-slope, 583
imidazole, 451



782

Index

imidosulfonates, 297, 303
iminosulfonates, 297, 303
impact (hammering) stress, 152
implant process, 161
imprint lithography, 4
imprint masters, 147
imprinting temperature, 716
in situ cleaning, 229
indene carboxylic acid, 46
indene-1-carboxylic acid, 449
index homogeneity, 122
index inhomogeneity, 131
indium tin oxide, 710
induction, 69
infrared spectroscopy, 56
inherent radiative lifetime, 185
inks, 166
inorganic salt crystals, 4
insolubilization, 142, 321
integrated absorption coefficient, 177
integrated circuit (IC)
devices, 3
fabrication, 9
integrated circuit (IC) fabrication,
161
interfacial effects
thin film, 3
interfacial tension, 667
interfacial toughness, 111
intermolecular cohesive forces,
152
intermolecular expansion factor,
71
intermolecular forces, 22, 69
internal conversions, 181
intersystem crossings, 181
ion beam, 187
ion source, 114
ionic contaminants, 732
ionic interactions, 74
1onization, 72, 188, 656
1sobenzofurane, 409
isobutylene, 54

isoenergetic transitions, 181
isoprene, 615, 634, 636
isopropanol, 390

isopropyl alcohol, 166
isothermal compressibility, 129

Jablonski diagram, 181
joule heating, 737

k1, a process-dependent parameter,
560

ketal resist systems, 53

ketals, 507

ketene, 306

ketocoumarins, 406

ketones, 162, 374

ketoxime esters, 399

kinetic chain length, 630

kinetic energy, 748

kinetics of light reactions, 51

Kodak Thin Film Resist (KTFR),
441

lactones, 623
Lambert’s law, 50, 176
lamellar domain period equation,
668
lamellar motif, 613
lamellar (L) phase, 670
lamellar phase free energy, 668
lampblack, 323
lanthanum, 704
lanthanum hexaboride, 206
Laplace equation, 99
Laplace pressure, 25
laser fluence, 130
laser interferogram, 82
laser interferometry, 74
laser lithographic exposure tools
F,, 122
g-line, 122
i-line, 122
KrF, 122
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laser parameters
pulse duration, 130

laser-produced plasma, 200

latent image, 63

lattice constant, 664

lead, 704

Leibnitz’s theorem, 761

leveling agents, 45

Lewis acid, 289

LiF, 123

ligand exchange, 252, 390

light quanta, 174

limiting velocity, 748

line edge roughness, 53, 558

linear stability analysis, 25

liquid—vapor interface, 16

lithium, 201

lithographic masks, 611

lithographic plates, 436

lithographic unit operations, 34

living radical polymerization,
615

local critical-dimension uniformity
(LCDU), 589

London-van-der-Waals
interactions, 23

long-range order, 686

longitudinal bunching, 204

Lorentz force, 204

lowest unoccupied molecular
orbital, 186

magnesium, 627
magnetic field, 204
magnification, 123
maleics, 166
Marangoni effects, 33
Marangoni number, 41
mask, 3, 706
contamination, 4
defect repair, 173
Ru capping layer, 137
Si capping layer, 137

mask absorber corrosion
electrochemistry, 3
mask cleaning, 171
mask error enhancement factor, 563
mask repair
photo-induced decomposition, 4
master, 706
mean free path, 736
mean-field theories, 669
mechanical creep, 585
medium-pressure mercury arc
lamp, 270
melting temperature, 151
membrane model, 85
meniscus, 101
mercury discharge lamp
g-line, 146
1-line, 146
mercury vapor, 188
metacresol, 454
metal alkoxide, 703
metal halide, 428
metal migration, 733
metal oxide clusters of hafnium, 339
metal oxo-hydroxo network
clusters, 337
metal-ion-free (MIF) developers, 65
metal-organic chemical vapor
deposition, 428
(meth)acrylates, 623
methacrylic acid, 482
methacrylic anhydride, 482
methanofullerenes, 356
methanol, 249, 359
methoxyacetoxypropane, 163
methyl isobutyl ketone, 162
methyl methacrylate, 477, 482, 636
methyl silsesquioxane, 675
methyl-tri-methoxy silane, 713
(methylcyclopentadienyl)platinum
complex, 251
methylene chloride, 162
methylethyl ketone, 162
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methylisobutyl ketone, 384
methylolated phenol, 381
methyltin trichloride, 429
MgF,, 123
Michler’s ketone, 405
micro-optical elements, 147
microbridges, 589
micromachining, 147
microscopic reversibility, 191
Mo/Si stack, 138
modulation transfer function
(MTF), 578
molar absorption coefficient, 50,
176, 178

molds, 147, 706
molecular

rotations, 178

torsions, 178

vibrations, 178
molecular dynamics simulation, 29
molecular orbital theory, 177
molecular weight, 69, 150
molybdenum, 135
molybdenum silicide, 117
monazoline, 451
monochromatic light beam, 173
monoethyl ethers, 164
monohexyl ethers, 164
monolayer self-assembly, 608
monomer units, 150
monomers, 322
monomethyl ethers, 164
monopropyl ethers, 164
morpholine, 163
MOTIF™, 560
multi-trigger resist, 559, 597
multi-trigger resist system, 422
m-xylene, 40

n orbitals, 179

n-butyl acrylate, 636
N-(2-hydroxyethyl) pyrrolidone, 163
N-(9-acridinyl) acetamide, 59

N-camphorsulfonyloxynaphthal-
imide, 297

N-carbonium ion, 359, 376

N-dimethlacrylamide, 649

N-dimethylformamide (DMF), 163

N-dimethylpropionamide, 163

N-ethylmorpholine N-(2-
hydroxyethyl)morpholine, 163

N-ethylpyrrolidone, 163

N-hydroxyamide sulfonate, 303

N-iminopyridinium ylides, 370

N-methoxymethylated melamine
crosslinker, 376

N-methyl-N-ethylpropionamide, 163

N-methylacetamide (Mac), 163

N-methylmorpholine, 163

N-methylpyrrolidone (NMP), 144,
163

N-methylpyrrolidone, 63, 118, 163,
519, 710

N,N-diethylbutylamide, 163

N,N-dimethylacetamide (DMAc), 163

nanoimprint lithographic (NIL)
techniques, 704

nanoparticle imprint resists, 144, 745

nanotechnology, 612

naphthalene, 272, 626

Nd:YAG pulsed lasers, 250

negative-tone development, 3

negative-tone images, 66

negative-tone imaging

mechanisms, 252

neutral brushes, 611

neutron scattering, 27

Newtonian fluid, 18, 720

Ni, 138

nickel, 703

Niepcé, Joseph Nicéphore, 140, 325

niobium, 704

nitrocellulose, 138

nitrogen embrittlement, 739

nitromethane, 162, 526

nitroxides, 648
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noble metal catalyst, 743

noble metal/semiconductor/
electrolyte three-phase
interphase, 705, 743

non-chemically amplified resists

positive-tone, 436

nonafluorobutane-1-sulfonic acid,
294

nonpolar solvent, 74

nonthermal excitations, 240

nonwetting, 24

norbornene, 525

norbornene carboxylic acid, 54

norbornene hexafluoroisopropanol,
530

normalized spectral overlap
integral, 265

Norrish type 1 process, 476

notch resistance, 714

novolac, 454

novolac resin, 48

nucleation process, 43

nucleophile, 383

number average molecular weight,
150

numerical aperture (NA), 121

o-acyloximes, 311
O-alkylation, 363
o-nitrobenzyl esters of carboxylic
acids, 297

o-nitrobenzyloxycarbonyl, 313
o-xylene, 40
O, ashing, 162
offset lithographic ink, 745
offset lithographic printing, 166
onium salts, 288
optical coatings, 133

dielectric, 134

partial reflectors, 133
optical elements

lenses, 121

mirrors, 121

pellicles, 121
reticles, 121
optical lithography, 169
optical materials
reflective, 121
optical proximity correction (OPC),
589
orbitals, 175
T, 179
order—disorder transition, 612
organic amines, 162
organic antireflection coatings, 117
organically modified ceramics
(ORMOCER®™), 147
organometallic compounds, 209
ortho nitrobenzyl ester, 473
ortho-nitrobenzyl photochemistry,
469
ortho-ortho-coupled p-cresol
novolac, 95
ortho-para-coupled novolac, 95
oscillator strength, 177
osmotic forces, 767
out-of-band radiation, 589
over-priming, 15
oxanions, 624
oxidation, 106, 238, 660
oxidation potential, 276
oxidizing agents, 238
oxirane, 623
Ozalid™ process, 436, 437
ozone, 222
ozone plasma treatment, 16

p-cresol, 86

P-phenylene groups, 152
p-phenylenediacrylic acid, 330
p-toluenesulfonic acid, 473
p-xylene, 40

P and R rotational lines, 199
parts per million, 66

pattern collapse, 98

patterned mask inspection, 171
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patterning

casting solvents, 140

developers, 140

inks, 140

strippers, 140
Pauli’s principle, 179
Pd, 138
pellicle frames, 139
pellicles, 138, 207
pencil, 324
percolation

model, 85

parameter, 93

sites, 93

theory, 92

threshold, 93
perfluoropolyether, 703
perfluorosulfonate anion, 294
peroxo ligands, 337
perturbation quenching, 263
petroleum-based ink oils, 166
pH level, 65
phase error, 130
phase separation, 7, 611
phase-shifting mask (PSM), 135
phenacyl phenylsulfones, 297
phenol

deprotonation, 83
phenolic compounds, 162
phenolics, 166
phenoloate ion, 83
phenols, 162
phenyl cation, 55
phenylene diacrylates, 330
phenylthiobiphenyl, 55
phosphine dye, 291
phosphorescence, 182
phosphoric acid, 297
PHOST/melamine crosslinker, 80
photo-Fries rearrangement, 253
photo-oxidative degradation, 218
photo-rearrangement, 55
photoabsorption cross-section, 253

photoacid, 51
photoacid concentration, 578
photoacid diffusion, 63
photoacid generator (PAQG), 45,
143, 173
non-ionic, 296
polymer-bound, 293
photobase generators, 173
photobleaching, 50
photochemical reactions, 171
photochemistry, 4, 85, 142, 173
photocurable resist, 699
photocurrents, 75
photodecomposable bases, 313
photodecomposable quencher, 591
photodecomposition, 223
photodimerization, 327
photoelastic constant, 129
photoelectric effect, 742
photoelectron, 75, 213
photoelectron yield, 235
photofragmentation, 398
photoinduced cracking, 229
photoinduced dissociation, 229
photoinitiation, 398
photoinitiator, 143
photolithography, 140, 146, 169
photolysis, 46, 252
photomasks, 139
photomechanical reproduction, 438
photons, 169
photophysical processes, 171
photophysics, 173
photopolymerization, 397
photoresists, 146
deep-UV (DUV) (250-190 nm), 146
mid-UV (300-350 nm), 146
near-UV (350-450 nm), 146
vacuum-UV (VUV) (157 nm),
146
photosensitized chemically
amplified resist (PSCAR), 316,
559, 596, 600
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photosensitizers, 173, 271

photospeed, 479

physical etching, 114

physical quenching, 258

physisorbed water, 229

piezoelectric crystal, 77

pigment and additives, 745

pinacol rearrangement, 252

pitch reduction, 608

pitch-dependent blur, 589

pitting corrosion, 732, 740

Planck’s constant, 193

planographic image, 324

plasma source, 114

plasma stripping, 4, 171

plasmas, 115

plasticization, 568

plasticizers, 45, 152

platinum, 251

Poisson—Boltzmann equation, 756

Poisson’s ratio, 703, 714

polarity switch, 372

polarity switching reactions, 252

polarization, 130

poly(a-methyl styrene-b-4-
hydroxystyrene), 621

poly(1-vinylnaphthalene), 269

poly(2,2,2-trifluoroethyl-a-
chloroacrylate), 480

poly(2-vinylpyridine-b-
dimethylsiloxane), 621

poly(3-hexylthiophene), 707

poly(4-hydroxy-a-methylstyrene),
509

poly(4-hydroxystyrene sulfone),
508

poly(4-styrene-b-acetoxystyrene),
651

poly(4-vinyl pyridine), 354

poly(acrylamide), 346

poly(adamantyl methacrylate-co-
gamma-butyro lactone), 110

poly(alkene sulfones), 487
poly(butadiene-b-ethylene oxide),
621
poly(butene sulfone), 481, 486
poly(butylcarbonyloxy styrene-co-
hydroxystyrene), 80
poly(carbo-z-butoxynorbornene-
co-maleic anhydride) [poly
(CBN-alt-MAH)], 53
poly(carbo-z-butoxynorbornene-
co-norbornene carboxylic acid)
[poly(CBN-co-NBCA)], 53
poly(chloro-acrylate-co-a-
methylstyrene), 488
poly(chloromethyl styrene-co-2-
vinyl naphthalene), 353
poly(chloromethylstyrene), 353
poly(cis-isoprene), 345
poly(dimethyl siloxane), 703
poly(dinorbornene-a/t-maleic
anhydride), 529
poly(ethylene glycol monomethyl
ether acetate), 341
poly(glycidyl methacrylate), 351,
478
poly(hexafluoro methacrylate), 480
poly(hydoxystyrene-co-tert-butyl
acrylate), 515
poly(hydroxylstyrene), 46
poly(hydroxyphenyl methacrylate),
512
poly(lactide-b-dimethylsiloxane-
b-lactide), 621
poly(methyl isopropenyl ketone),
484
poly(methyl methacrylate)
(PMMA), 68, 279
poly(methylpentene sulfone), 487
poly(methylpropyl bicyclo[2.2.1]
hept-5-ene-2-carboxylate-co-
bicyclo[2.2.1]hept-5-ene-2-
carboxylic acid), 53
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poly(methylpropyl bicyclo[2.2.1]
hept-5-ene-2-carboxylate-co-
maleic anhydride), 53
poly(N-hydroxyphenylmethacrylate),
512
poly(N-vinyl pyrrolidone), 372
poly(olefin sulfones), 485
poly(p-styrene sulfonate), 354
poly(p-tert-butoxycarbonyl
oxystyrene), 502
poly(perfluorobutyl methacrylate),
480
poly(phthalaldehyde), 502, 545
poly(styrene-b-2-vinylpyridine),
621, 675
poly(styrene-b-2-vinylpyridine-b-
2-hydroxyethyl methacrylate),
621
poly(styrene-b-4-vinylpyridine), 621
poly(styrene-b-butadiene), 621
poly(styrene-b-butadiene-b-styrene),
621
poly(styrene-b-dimethyl siloxane),
621
poly(styrene-b-ethylene oxide), 621
poly(styrene-b-isoprene), 621
poly(styrene-b-isoprene-b-styrene),
621
poly(styrene-b-methyl
methacrylate), 621, 662, 674
poly(styrene-b-n-butyl
methacrylate), 621
poly(styrene-co-maleimide), 508
poly(styrene-r-2-vinylpyridine-2-
hydroxyethyl methacrylate), 675
poly(styrene-r-methyl
methacrylate), 674
poly(styrene-r-methyl methacrylate-
r-2-hydroxyethyl
methacrylate), 675
poly(styrene-r-methyl methacrylate-
r-glycidyl methacrylate), 675

poly(zert-butoxycarbonyloxystyrene),
473, 503
poly(tetrafluoro ethylene), 647, 707
poly(trifluoromethyl-o-
chloroacyrlate), 480
poly(trimethylsilylstyrene-b-D,
L-lactide), 621
poly(vinyl alcohol), 330
poly(vinyl butyral), 334
poly(vinyl chloride), 349
poly(vinyl cinnamate), 270, 326
poly(vinyl cinnamylidene acetate),
329
poly(vinyl ether-a/t-maleic
anhydride), 521
poly(vinyl naphthalene), 353
poly(vinyl phenol), 347
poly(vinyl pyridine), 333
poly(vinyl pyrrolidone), 334, 346
poly[3-methyl-2-(4-vinylphenyl)-
2,3-butanediol], 373
poly[4-(2-hydroxy-2-propyl)
styrene], 374
poly[4-hydroxystyrene-co-4-(3-
furyl-3-hydroxypropyl)
styrene], 381
poly[styrene-co-N-(4-
hydroxyphenyl)maleimide], 508
polycarbonates, 546
polychromatic light beam, 173
polycrystalline capping layer, 239
polydienes, 221, 661
polydispersity index, 150, 617
polyelectrolyte effect, 72
polyesters, 330
polyfluoroalkylethers, 134
polyhedral oligomeric
silsesquioxanes, 708
polyhydroxystyrene (PHOST), 146
polymer additives, 209
polymer alkoxy radical, 218
polymer peroxy radical, 218
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polymer relaxation, 45
polymer relaxation-controlled mass
transfer, 79
polymer—polymer attractive forces,
70
polymer-bound photoacid
generators, 595
polymeric imprint resist, 707
polymerization, 252
polymers, 173
acrylate, 67
alicyclic, 67
branched, 148
phenolic, 67
polynorbornene, 707
polysilanes, 551
polysilsesquioxanes, 532
polysilynes, 551
polystyrene, 28, 707
polyurethane, 707
popping, 15
positive-tone development, 3
positron annihilation lifetime
spectroscopy, 28
post-exposure bake, 51
delay, 63
sensitivity, 61
postbake, 104
potassium hydroxide, 65
potential difference, 735
pressure gradient, 25
pressure-driven flow, 716
primary electrons, 108
primary photochemical reaction,
179
process chemistry, 3
process-variability band, 590
propargyl methacrylate, 351
propylene glycol, 164
propyleneglycol monomethyl ether
acetate (PGMEA), 54, 144, 710
proximity effects, 563
proximity printing, 170

Pt-Mo alloys, 138
pyrrolidone, 163

quadrupole moment, 66
quantum yield, 183
quartz, 703
quartz crystal microbalance, 77
quartz resonator, 77
quencher, 53, 257
quenching
long-range, 258
short-range, 258
quenching process, 257
quenching sphere, 265
quinone diazides, 160

radiation chemical yield, 284
radiation chemistry, 142
radiation source
discharge-produced plasma, 4
laser-produced plasma (LPP), 4
radiation-induced main-chain
scission, 252
radiation-induced polarity change,
370
radiation-sensitive resist parameters
adhesion to substrates, 147
contrast, 147
etch resistance, 147
radiation absorption, 147
resolution, 147
sensitivity, 147
solubility, 147
storage stability, 147
thermal stability, 147
radiation-sensitive resists, 147
radiationless processes, 185
radical cation, 55
radical initiators, 506
radicals, 398
radiochemical processes, 171
radiochemical reactions, 171
radiofrequency field, 165
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radiofrequency gas discharge, 116
radiolysis, 252
radius of gyration, 27, 71
random motion, 750
rare gas monohalides, 190
rarefaction, 129, 207
rate constant, 547
rate expressions, 630
Rayleigh scattering, 128, 175
reactive ion etching, 116, 702
rate, 117
reactivity, 179
rearrangement, 73
redox activity, 179
reduction potential, 276
reflow shrink techniques, 559
refractive index, 129
refractive lenses, 122
relativistic electrons, 205
release layer, 706, 715
residual layer, 719
resins
UV-crosslinkable polymeric, 144
resist, 3
absorber layer, 51
annealing, 63
diazonaphthoquinone/novolac, 51
inorganic, 3
materials chemistry, 3
negative-tone, 12
organic, 3
organometallic, 3
photo-oxidative degradation, 4
poisoning, 3
poisoning by airborne molecular
bases, 4
polymeric, 3
positive-tone, 12, 68
rheological properties, 17
three-layer model, 29
resist development
immersion process, 66
puddle process, 66

spray process, 66
resist development process
chemical, 67
physical, 67
resist film
amorphous, glassy exposed
part, 69
resist polymers
viscoelastic properties, 149
resist processing
unit operations, 148
resist resins, 142
resist sensitizers, 257
resist solution
evaporation rate, 17
percent solids, 17
viscosity, 17
resist—substrate interface, 51
resistors, 161
resists, 140
cyclized polyisoprene, 68
diazonaphthoquinone (DNQ)/
novolac, 437
electron beam, 146
extreme-UV (EUV), 146
imprint, 142
ion-beam, 146
metal-chalcogenide, 364
negative-tone, 145, 322
photochemical, 142
poly(phthalaldehyde), 544
poly(tetrahydrofuran-co-
novolac), 500
polyisoprene, 73
positive-tone, 145, 433
radiochemical, 142
self-assembling, 142
sol-gel, 144
UV, 146
x-ray, 146
resolution enhancement of
lithography assisted by
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chemical shrink (RELACS™),
559
resonant frequency, 77
reversible terminating agents, 648
ring-opening metathesis
polymerization, 524
ring-opening polymerization, 617
RLS triangle, 556
roughness, 714
Ru-Ta, 138
ruthenium, 239
Rutherford scattering, 108
Rydberg orbital, 194

Sauerbrey equation, 77

scattering cross-section, 736

Schumann-Runge resonances, 199

scission, 74

scission yield, 285

sec-butyllihium, 624

secondary electrons, 280

secondary photochemical
reaction, 179

secondary structure model, 85

sedimentation, 694

segmental motion, 151

self-assembled monolayer (SAM),
28, 696, 715

self-assembly lithography, 608

self-condensation, 383

self-consistent field theories, 669

self-consistent mean-field theory,
669

semiconductor device, 4

semiconductor lithography, 46

Senefelder, Johann Alois, 140

Johann Alois, 323

sensitizer, 143

sessile droplet, 16

shear alignment, 611, 684

shot noise, 583

shrinking, 719

silanol compounds, 383

silica particles, 752

silicon, 703

silicon carbide, 137

silicon dioxide, 13, 112

silicon nitride, 703

silicon oxynitride, 135

silicone, 66

siloxanes, 623

single-exposure techniques, 560

singlet oxygen, 220

singlet state, 179

singlet-triplet splitting, 273

SiON, 63

soap, 323

sodium, 626

sodium hydroxide, 65

sodium naphthalenide, 624, 626

sodium octadecyl sulfate, 765

soft lithography, 611, 684, 703

soft templates, 703

soft x-ray photons, 146

sol-gel, 37, 745

sol-gel imprint resist, 703-704, 745

solid-liquid interface, 16

solid-vapor interface, 16

solubility parameters, 68

solutal Marangoni effect, 33

solvatocapillary flow, 33

solvent annealing, 614, 683

solvent-assisted imprint
lithography, 703

solvents, 143-144

spectral sensitization, 270

spectroscopic ellipsometry, 27

speed, 760

spin angular momentum, 174

spin coating, 148

spin correlation, 180

spin-coating, 17, 694

spin-forbidden transitions, 182

spinel, 739
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spinodal decomposition, 24, 43
SPM/APM solutions, 164
spontaneous absorption, 177
spontaneous emission, 178
sputtering, 114

squeezing flow model, 719

stable free-radical polymerization, 648

stamps, 147, 706
standard hydrogen electrode, 214
standing waves, 51
static quenching, 263
Stefan’s equation, 722
Stern (or Helmholtz) layer, 752
Stern—Volmer equation, 267
stochastic defects, 554, 556
stochastic patterning cliff, 591
stochastic printing failures, 589
Stockmayer’s rule, 395
Stokes’s law, 762
stone wall model, 85
strain, 152
streaks, 37
stress corrosion, 732
stress—strain curve, 153
striation patterns, 37
strippers, 162
stripping, 118
styrene, 615, 623, 634, 653
styrylpyridine, 331
substrate
coating, 3
defects, 24
dehydration bake, 15
development, 4
exposure, 3
pinholes, 24
post-exposure baking, 4
post-exposure stabilization, 4
substrate material
fused silica, 13
quartz, 13
ultralow-expansion glass, 13
Sudanese gum arabic, 166

sulfinic acids, 299

sulfone groups, 152

sulfonic acid esters of
N-hydroxyimides, 297

sulfonic acids, 162

sulfonium salt, 55

sulforane, 163

sulfur dioxide, 207, 222

sulfuric acid, 162

superacid, 423

supercritical CO,, 66

surface energies, 66

surface forces, 22

surface tension, 16, 25, 105, 664

surfactants, 65

swelling process, 71

swing curve, 17

swing curve effects, 134

synchrotron sources, 200

Syrian asphalt, 145

(-butoxycarbonyl malonate)-
methanol-[60]fullerene, 420

t-butyl acrylate, 709

t-butyl methacrylate, 388

T-top formation, 63

T-topping, 539

Ta, 137

TaN, 137

tantalum, 704

tantalum silicide, 135

TaSiN, 137

technology nodes, 147

Teflon™, 134, 138, 715

templates, 147

tensile (stretching) stress, 152

tensile strength, 152

terminal velocity, 748

tertiary amines, 257, 406

tert-butyl ester-protected
4-hydroxystyrene, 513

tetracene, 257

tetrachloroethylene, 162
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tetraethyl orthosilicate, 144, 710,
745

tetrahydrofuran, 507

tetramethyl ammonium hydroxide,
340

tetramethyl orthosilicate, 144, 711

tetramethylammonium hydroxide
(TMAH), 65

tetrapropylene glycol, 164

tetrapyranyl, 501

thermal decomposition, 58

thermal energy, 665

thermal energy absoprtion, 148

thermal expansion coefficient, 703,
714

thermal imprint lithography, 699

thermal motion, 753

thermal polymerization, 148

thermal stress, 148

thermionic emission, 205

thermocapillary instability, 40

thermodynamic forces, 665

thermogravimetric analysis, 528

thermolysis, 506

thermophysical properties, 23, 148

thermoplastic resins, 707

thermoplastic resist polymer, 702, 716

thermoplastics, 148

thermosets, 149, 716

thermosetting polymers, 716

thiol-ene acrylate prepolymer, 144,
710

thioxanthones, 406

thoriated tungsten, 206

time constant, 25

time-dependent shear compliance, 720

TiN, 63

tin, 201

tin bromide, 428

TiO,, 144

titania, 745

titanium, 704

titanium nitride, 135

top surface imaging, 549
torsional (twisting) stress, 152
tosylhydrazide, 662
toughness, 153
transistor, 161
active region, 161
drain region, 161
gate region, 161
source region, 161
transition dipole moment, 175
transmission, 122
transmittance, 50
transparency, 714
triazines, 399, 403
triblock copolymers, 616
trichloroethylene, 162
trichloroethylene vapor, 327
trichlorosilane, 715
tridecafluoro-1-2-tetrahydrooctyl)-
trichlorosilane, 715
triethanolamine, 451
trimehylsilyldiethylamine
(TMSDEA), 15, 551
trimethylsilyldimethylamine, 551
trimethyltin chloride, 429
triphenylsulfonium
hexafluoroantimonate, 53, 496,
503
triphenylsulfonium tosylate, 422
triplet sensitization, 272
triplet state, 179
tripropylene glycol, 164
tris(dimethylamino)methyl tin(IV),
429
trisubstituted benzophenone, 97
truxillate, 327
truxinate, 327
tungsten, 137
turpentine, 156
Type 1 photosensitization
reactions, 271
Type 11 photosensitization
reactions, 271
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ultrathin resist (UTR), 22
instabilities, 23
poisoning effects, 45
uncontrolled diffusion, 53
undulator, 203
urethanes, 166
UV-crosslinkable resins, 707
UV curing, 106
UV photolysis, 307

valence shell, 186
van der Waals attractive force, 750
van der Waals radii, 265
vegetable-oil-based inks

canola oil, 166

castor oil, 166

coconut oil, 166

corn oil, 166

cottonseed oil, 166

linseed oil, 166

safflower oil, 166

soy oil, 166

sunflower oil, 166

tung oil, 166
velocity profile, 25
vertical deposition, 694
vinyl addition polymerization, 525
vinyl cyclic acetals, 361, 378
vinyl ethers, 708
vinyl ketones, 623
vinylpyridines, 623
viscoelastic properties of polymers, 719
viscosity, 709
viscosity modifiers, 166
viscosity-dependent (dynamic)

quenching, 258
viscosity-independent (static)
quenching, 258

viscous deformation, 154
viscous drag force, 748
volatile molecular contaminants, 209
voltage differences, 732

wafer and mask priming
surface chemistry, 3

wafer stage, 169

water vapor, 207

wavefunction, 175

wavelength, 173

wax, 166, 323

weak segregation limit, 669

weight average molecular weight,
150

wetting, 16, 65

wetting agents, 166

wiggler, 203

Williams-Landel-Ferry (WLF)
equation, 721

Wolff rearrangement, 306

Woodward-Hoffmann rule, 328

work of adhesion, 16

Wynne-Dyson design, 199

x-ray lithographic exposure
tools, 4

x-ray masks, 137, 147

x-ray photons, 51

x-ray reflectivity, 30

x-ray reflectometry, 27

xenon, 201

xylene, 156

yield strength, 152

Young’s equation, 16

Young’s modulus, 101, 152, 703,
714

Z-constant, 588

zeta potential, 748
Ziegler—Natta catalysts, 524
zinc chloride, 372

zirconia, 745

zirconium, 704

zirconium oxides, 338
7105, 144
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