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Abbe's theory of image formation, 
549
 

Above-Barrier ionization, 68
 
Abrasive erosion
 

in surface cleaning, 288-292
 
Abrasive sliding, 305-307
 

fine feather-like particle
 
generation, 306
 

particle generation in, 306
 
plastic deformation in, 306
 
ploughing, 306
 
wedge generation, 306
 

Abrasives 
abrasive media 

for microabrasive processing 
application, 928-931
 

quality, 932-933
 
selection, 931-932
 

hardness, 932
 
particle shape, 931
 
particle size, 932
 

type of, 927-933
 
aluminum oxide, 928
 
crushed glass, 929
 
cubic boron nitride, 928
 
diamond, 928
 
dolomite, 931
 
glass bead, 930
 
plastic bead, 929
 
silicon carbide, 928
 
sodium bicarbonate, 930
 
walnut shell, 929
 

AC ionizer, 515-517
 
Acid contaminants, 352, 384
 
Adhesion/Adhesive transfer, 475--498
 

of atoms, in contact and 
separation, 302-303
 

commercial importance of, 477
 
crack initiation by, 304
 
during aerosol jet cleaning,
 

955-956
 
factors affecting, 492--493
 
failure, 595
 

Index
 

of flake-like particles, 303-305
 
Fowlkes and Robinson model,
 

483
 
impact on public health. 476
 
importance, 476
 
interactions giving rise to,
 

478--487. see also Interactions
 
measuring methods, 493-497
 
mechanics of, 487-492
 
propagation by, 304
 

Adsorption, 17-18
 
adsorption energies and residence
 

times of molecules, 17
 
of organic contamination, 712-713
 

Aerosol jet cleaning of surfaces, 952,
 
see also Argon/nitrogen cryogenic
 
aerosols
 
Carbon dioxide, 952
 
mechanisms, 953-958
 

adhesion and hydrodynamic
 
forces, 955-956
 

energy transfer to
 
contaminants. 954
 

hydrodynamic shear, 954-955
 
particle collision, 956-958
 
reduced adhesion forces, 954
 
thermophoresis, 954
 
vapor burst, 954
 

particle motion during, 954
 
Aerosol particles
 

aerosol particle sizes
 
coarse mode, 4
 
fine aerosol, 4
 
intermediate accumulation
 

mode aerosol, 4
 
molecular size aerosol, 4
 
nanosize aerosol, 4
 
nucleation mode, 4
 
spectrum of, 3-5
 
ultrafine aerosol, 4
 
very, very small aerosol, 4
 

transport and deposition of,
 
189-264
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Aerosol particles (continued) 
drift velocity, 201-205, see also 

individual entry 
Eulerian formulation, 205-209,
 

see also individual entry 
forces dominating, 221
 
in a parallel plate reactor, 

209-241, see also Parallel 
plate reactor 

inertia-enhanced deposition, 
242-261
 

inertial effects in, 199-201
 
Lagrangian equation, 191-199,
 

see also individual entry 
noncontinuum considerations,
 

190-191
 
AFM (atomic force microscope),
 

300
 
AGI0N®, 1036
 
Air analysis, of AMCs, 352-367
 

acids, 352-353
 
bases, 353-354
 

ammonia (NH3) and amines,
 
353-356
 

condensables, 354--357, 359-362
 
dopants, 365-367
 
ester phthalates, 358-364
 
lC analysis, 355-356
 
organic compounds analyzis,
 

354
 
siloxanes, 357-358
 

Air cleanliness technology
 
application, 452-454
 

endocrine disrupters, 452
 
sick house syndrome, 452
 

chemical filter for, 436-441
 
Air filters, 1051
 
Air ionization
 

applications, 521-526
 
discharge in process tools,
 

524-525
 
flow benches, 525-526
 
in ISO Class 3 cleanroom, 523
 
overhead blower ionizer, 525
 
work surfaces, 525-526
 

for static charge control, 514--521 

A
A
A 

A 

INDEX 

Air jet removal
 
apparatus and parameters,
 

890-894
 
condition of the environment,
 

903-906
 
fundamentals, 890-906
 
new removal methods using,
 

906-914
 
pre-charging method, 906-909
 
vibrating air jet method,
 

909-913
 
Air treatment, 933-935
 

air drying, 933-935
 
desiccant dryers, 934
 
integrated dryer/filter, 934
 
membrane dryers, 934
 
oil contamination, 935
 

Airborne molecular contamination 
(AMCs), 329-456, see also 
Semiconductors 
absorption-to-solution sampling 

system, 354
 
air analysis, 352-367, see also
 

individual entry
 
AMC-induced problems
 

in manufacturing process,
 
336-337
 

nature of, 337-339
 
analysis methods, 344-382
 
chemical filter for, 338
 
chemistry of, 403-432
 

monolayer and sub-monolayer 
contamination, 403-407
 

classification of, 339-344
 
cleanliness technology for, 449
 
data analysis, 432
 
definition, 333-336
 
degrading underlying surface, 335
 
deleterious effects induced by, 337
 
from gaseous contaminant
 

sources, 335
 
ammonia, 335
 
cyclosiloxanes, 335
 
hydrochloric acid, 335
 
phosphorus oxide, 335
 

future directions, 449-455
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890-894
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new removal methods using,
 

906-914
 
pre-charging method, 906-909
 
vibrating air jet method,
 

909-913
 
r treatment, 933-935
 
air drying, 933-935
 
desiccant dryers, 934
 
integrated dryer/filter, 934
 
membrane dryers, 934
 
oil contamination, 935
 
irborne molecular contamination
 
(AMCs), 329--456, see also
 
Semiconductors
 
absorption-to-solution sampling
 

system, 354
 
air analysis, 352-367, see also
 

individual entry
 
AMC-induced problems
 

in manufacturing process,
 
336-337
 

nature of, 337-339
 
analysis methods, 344-382
 
chemical filter for, 338
 
chemistry of, 403-432
 

monolayer and sub-monolayer 
contamination, 403-407
 

classification of, 339-344
 
cleanliness technology for, 449
 
data analysis, 432
 
definition, 333-336
 
degrading underlying surface, 335
 
deleterious effects induced by, 337
 
from gaseous contaminant
 

sources, 335
 
ammonia, 335
 
cyclosiloxanes, 335
 
hydrochloric acid, 335
 
phosphorus oxide, 335
 

future directions, 449-455
 

INDEX 

analyst/chemist role, 454--455 
analytical methods, advances 

in, 449--451 
in air 

determination limit for, 373-375
 
low AMCs level (OOP 0.1 ng/m')
 

achieving c1eanroom cleanliness
 
at, 448--449
 

monitoring systems, 443-444
 
nature and effects of, 382--432
 
on Si wafer surface
 

determination limit for, 372
 
organic conceptual diagram for,
 

426--432
 
outgassing evaluation method
 

for construction materials, 
367-382, see also Outgassing 
evaluation method 

properties of, investigation,
 
382--401
 
acids, 384
 
bases, 384--386
 
condensables, 386--40I
 
dopants, 395--401
 
effects of rinsing the outdoor
 

air, 382-384
 
ester phosphates, 393-395
 
ester phthalates, 392-393
 
organic compounds in outdoor
 

air, 387
 
recent developments in, 444-449
 
sampling and analysis methods
 

for, 353
 
standardization trends, 445--447
 
study in Japan, 330-331
 
substrate surface analysis of,
 

345-352,
 
see also Substrate surface
 

target contaminant
 
changes in, 332-333
 

Aldehydes, 787
 
Algae, 1016
 
Alpha ionization method, 520-521
 

advantage, 520
 
disadvantage, 520
 

Amino alcohol, 386
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Ammonia (NH 3) contaminants, 384
 
AMCs from, 335
 
effects of, 402
 

Ammosov-Oelone-Krainov (AOK)
 
theory, 78
 

Analytical techniques for ionic
 
contamination, 660
 
water break tests, 660
 
water drop test, 660
 
white glove tests, 660
 

Anthracene fluorescence, 105
 
Antifouling paints
 

for biological contamination
 
prevention, 1045-1047
 
self-polishing antifouling paint,
 

1046
 
Antimicrobial drugs, 1019
 
Antimicrobial surfaces
 

contact activating, 1038-1044
 
chemical action, 1039-1041
 

with multiple action, 1047
 
Antiviral coatings, 1047-1048
 
Aqueous cleaning techniques,
 

810,840,855,858,864,936 
Argon/nitrogen cryogenic aerosols
 

applications, 981-983
 
cleaning kinetics, 970-974
 
cleaning performance, 974-983
 
cleaning using, 951-984
 

cost, 969
 
effectiveness and applications,
 

970-983
 
equipment requirements, 961-963
 

cleaning systems, 965-969
 
operating conditions, 964-965
 
process parameters monitoring,
 

963
 
vacuum chamber, 962
 

particulate contaminants removal,
 
976
 

production, 958-969
 
Arrhenius equation, 751
 
Atomic composition, in cleaning
 

process, 840-851
 
Atomic force microscope (AFM),
 

736-737
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Atomic resolution lattice imaging 
dynamic theory and image 

simulation, 552-555
 
image formation, 550-551
 
image interpretation of very thin
 

samples, 551-552
 
phase contrast imaging, 548-550
 
physics for, 548-555
 

Atoms
 
concepts and dimensions, 5--8
 
hydrogen atom, 6
 
in strong fields, dynamics, 67-85
 

a bove-barrier ionization, 68
 
high-order harmonic
 

generation, 75-85
 
multiphoton ionization, 68
 
Perturbative regime, 69-71
 
tunnel ionization, 68
 

Attosecond pulse
 
genera tion and characterization,
 

85-100
 
Auger electron spectroscopy (A ES),
 

545, 586-601, 666
 
background, 586
 
basic principles of, 586-593
 
chamber of, 593-594
 
instrumentation, 593-594
 
recent developments and future
 

directions of, 600-60 I
 
for surface contaminants
 

characterization, 594-600
 
Autocorrelated SSHG technique,
 

153
 
Avogadro's number, 9
 

Bacillus anthraxes, 1015
 
Backscattered electron imaging
 

(BSEs), 536-540
 
Back splash, 1071, 1073
 
Bacteria, 1015
 
Base contaminants, 384-386
 

amino alcohol, 386
 
hexamethyldisilazane (HMOS),
 

385
 
NH3, 384
 

Batch processors, 875
 

INDEX 

Biocides, 1019
 
Biodegradable systems, 1037-1038
 
Biofouling processes, 1014
 
Bioglass, 1051
 
Biological contaminants, xli
 

agents against, 1019-1020
 
algae, 1016
 
Bacteria, 1015
 
fungi, 1015
 
means of, 1016
 
microbes, 1015
 
prevention, coatings for,
 

1013-1 053, see also Coatings 
yeast, 1015
 

Biological release systems, 1038
 
Biomedical applications, of
 

coatings, 1049-1052
 
catheters, 1049
 
cutlery, 1050
 
dental brushes, 1050
 
denture, 1050
 
ship hulls .. 1050
 
surgical grafts, 1050
 
surgical sutures, 1050
 
titanium implants, 1050
 
wound dressing, 1050
 
wound dressings, 1049
 

Body contact hazard 
in solvent-cleaning process, 810
 

inhalation, 811-812
 
routes of entry, 810-811
 
strategies to contain, 822
 

Boltzmann constant, 274
 
Bond-breaking in single molecules,
 

115-120
 
Booster biocides, 1046
 
Born-Oppenheimer approximation,
 

107-108, 128
 
Boron contaminants, 365, 395-401
 

boron generation, sources, 395--401
 
Borophosphosilicate glass (BPSG),
 

395
 
Bragg relation, 542-543
 
Broadband-IR SSFG (bIR-SSFG)
 

spectroscopy, 159-160
 
Brownian diffusion, 280
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Y contact hazard
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inhalation, 811-812
 
routes of entry, 810-811
 
strategies to contain, 822
 
zmann constant, 274
 
d-breaking in single molecules,
 
15-120
 
ster biocides, 1046
 
n-Oppcnhcimer approximation,
 
)7-108, 128
 
In contaminants, 365, 395-401
 
iron generation, sources, 395-401
 
ophosphosilicate glass (BPSG),
 
>5 
~g relation, 542-543
 
Idband-IR SSFG (bIR-SSFG)
 
ecrroscopy. I59-160
 
wnian diffusion, 280
 

INDEX 

Brownian dynamics simulations
 
(BDS),226
 

Brownianmotion, 14-15, 191,217,222
 
Brush, pad, and roll coating, 1020
 

Cable, 1051
 
Candida albicans, 1024
 
Capillary ion electrophoresis (CIE),
 

671
 
Capillary length, 1125
 
Capillary number, 1187
 
Carbon dioxide (C02) snow
 

cleaning, 790, 987-1011
 
applications, 1003-10 I 0
 
cleaning mechanisms, 989-992
 
equipmen t, 994-1000
 

input pressure control,
 
999-1000
 

moisture control, 997-998
 
nozzles, 995-997
 
static control, 998-999
 

hard drive disk assemblies and
 
components, 1008
 

liquid CO 2, 987
 
macroscopic dry iee pellets, 987
 
materials, 1004-1007
 
optics, 1007-1008
 
organic removal, 990-991
 
particle removal, 990
 
process parameters, 1000-1003
 

recontamination sources,
 
1001-1003
 

redeposition, 1000-1001
 
proof of process, 992-994
 
snow cleaning, 987
 
supercritical CO 2, 987
 
thermodynamic properties,
 

988-989
 
vacuum technologies, 1008
 

Carbon dioxide, in precision
 
cleaning, 952
 

Carbon tetrachloride, 762, 765
 
Carbonization phenomenon,
 

424-426
 
Carcinogenicity danger, in solvent


cleaning process, 814-815
 

Carrier-envelope-phase (CEP),
 
48-54
 

Cascade stimulated Raman
 
scattering (CSRS), 87
 

Cassette-to-cassette wafer cleaning
 
system, 966-969
 

Catheters, 1049
 
Centrifugation technique, 494-495
 

advantage, 495
 
Ceramics, 1051
 
Cetyl trimethyl ammonium chloride
 

(CTAC), 1028
 
CFCs (chlorofluorocarbons), 762
 
Charge coupled device (CCD), 676,
 

683
 
Chemical adsorption
 

(chemisorption), 695
 
Chemical cleaning, 873-886
 

batch processors, 875
 
particle/surface interactions,
 

876-881
 
electrostatic force, 878-879
 
Hydrodynamic force,
 

880-881
 
van der Waals force, 876-878
 

process applications and
 
chemistries, 881-886
 
dHF clean, 882-883
 
particle challenge wafer
 

preparation, 881-882
 
SC-l Clean, 883-885
 

SC-2 clean, 886
 
single-step clean, 886
 
spray processors, 875
 

Chemical etching, 595
 
Chemical filter
 

for air cleaning, 436-441
 
effect of, 439
 

Chemical mechanical planarization
 
(CMP),977
 

Chemical mechanical polishing
 
(CMP),656
 

Chemical reactions controlling, by
 
ultrafast pulses, 120-128
 

Chemical structure, in cleaning
 
process, 840-851
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Chemical vapor deposition, 1022
 
Chirped pulse amplification (CPA),
 

31-39
 
hollow-fiber chirped-mirror high


energy pulse compressor, 44
 
Chirping, 125
 

wave-packet and, 111-115
 
Ch1orhexidine, 1028
 
Chlorine in ozone-depleting, 762
 
Chlorofluorocarbons (CFCs), 765
 
Chromerge cleaning, 716-717
 
Ciprofloxacine, 1028
 
Clausius-Clapeyron relation,
 

408--411 
Cleaning solvents and cleaning
 

processes, see also Solvent

cleaning process
 
choice of, 839-857
 

chemical structure and atomic
 
composition, 840-851
 

technical data, 851
 
using UV photoelectron with
 

catalyst, 441--442
 
Cleaning/rinsing/drying processes,
 

851-857
 
design features
 

for environmental control,
 
854-855
 

selection of, 856-857
 
multiple-stage processes, 855-856
 
solvent cleaning processes, 852
 

Cleanliness of surfaces 
wettability techniques for, 

693-721, see also Wettability 
techniques 

Cleanroom 
cleanroom electrostatic
 

management, 511-514
 
contamination hazard, 513
 
dissipa tive-to-dissipative
 

discharge, 512
 
metal-to-metal discharge, 513
 
static dissipative materials,
 

513
 
contaminant sources in,
 

investigation, 432--435
 

INDEX 

ionic contamination of, 658-659
 
particle contamination in
 

electrostatic discharge controls,
 
503-527, see also 
Electrostatic discharge (ESD) 
controls
 

Closed-cycle cryogenic
 
refrigeration, 961
 

Clusters
 
molecular clusters, nanoparticles
 

as, 18-19
 
random formation process of, 18
 

Coagulation, 15
 
Coarse mode aerosol, 4
 
Coatings
 

antimicrobial activity of 
laboratory tests, 1017-1019
 

antiviral coatings, 1047-1048
 
applications, 1049-1053
 

biomedical applications, 
1049-1052, see also separate 
entry 

for biological contamination 
prevention, 1013-1053
 

for daily life products, 1052-1053
 
for food protection, 1052
 
killing microbes on contact,
 

1040-1041
 
methods, 1020-1022
 

brush, pad, and roll coating,
 
1020
 

chemical vapor deposition,
 
1022
 

dip and flow coatings, 1020
 
electro1ess plating, 1021
 
electropla ting, 1021
 
physical vapor deposition,
 

1022
 
spin coating, 1020
 
spray application, 1020-1021
 
sputtering, 1021-1022
 
surface modification, 1022
 

microbe killing or growth
 
inhibiting coatings, 1027-1044
 

microbe-killing coating
 
effectiveness, 1018
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controls 

ised-cycle cryogenic
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laboratory tests, 1017-1019
 
antiviral coatings, 1047-1048
 
applications, 1049-1053
 

biomedical applications, 
1049-1052, see also separate 
entrv 

for biological contamination 
prevention, 1013-1 053
 

for daily life products, 1052-1053
 
for food protection, 1052
 
killing microbes on contact,
 

1040-1041
 
methods, 1020--1022
 

brush, pad, and roll coating,
 
1020
 

chemical vapor deposition,
 
1022
 

dip and flow coatings, 1020
 
electroless plating, 1021
 
electroplating, 1021
 
physical vapor deposition,
 

1022
 
spin coating, 1020
 
spray application, 1020-1021
 
sputtering, 1021-1022
 
surface modification, 1022
 

microbe killing or growth
 
inhibiting coatings, 1027-1044
 

microbe-killing coating
 
effectiveness, 1018
 

INDEX 

non-adhesive coatings, 1022-1027,
 
see also individual entry 

self-cleaning coatings
 
antifouling paints, 1045-1047
 
antimicrobial surfaces with
 

multiple action, 1047
 
general requirements, 1016-1017
 
metal coatings, 1044-1045
 

surface cleaning by, 1048
 
for textiles, 1052
 

Coherence length, harmonic, 84
 
factors influencing, 84
 

Cold cleaning, 852
 
Color factor, 681
 
Colorimetric interferometry
 

for thin surface film
 
contaminants, 675-690
 
in lubrication, 684
 

Colorimetry, 680-684, see also
 
Colorimetric interferometry
 
colorimetric encoding, 681-682
 
detectors, 683-684
 

Combustion, in solvent-cleaning
 
process, 802-807
 
flammability, 802
 

Composition-sensitive imaging,
 
568-569
 

Condensable contaminants,
 
386-401
 
organic compounds, 386-401
 
phosphates, 386-401
 
phthalates, 386-401
 
siloxanes, 386-40 I
 

Conductive materials, 510
 
Conductors, insulators versus,
 

510-511
 
Conformal coatings, removal,
 

938-939
 
Construction materials
 

outgassing evaluation method for,
 
367-382
 

selection, 435-436
 
Construction, 1051
 
Contact angle, 697
 

contact angle goniometer,
 
701-702
 

dynamic contact angle analyzers
 
(DCAs), 703
 

measurements, 70 I
 
with Wilhelmy plate, 703
 

Contact-active antimicrobial
 
coatings, 1042
 

Contaminants
 
characterization, xxxviii-xl
 
electrostatically driven, 503-527,
 

see also Electrostatic discharge 
(ESD) controls 

fundamental aspects, xxxvi-xxxvii 
identification 

surface analysis methods for, 
585-646, see also Surface 
analysis methods 

impact of, xxxiii-xxxiv
 
on optical surfaces, xxxiv
 
removal, xl-xlii
 

Continuum regime limit, in
 
fluid-particle drag force, 196,
 
198
 

Convective removal, 1068, 1129
 
Corona ionization, 515-519
 

AC ionizer, 515-517
 
DC ionizer, 517-519
 

Corrosion, 656
 
Coulomb's law, 285, 481
 
Coupled transport, in aerosol
 

particles transport and
 
deposition, 249-261
 

Critical stokes numbers, 250-252
 
asymptotic limit of, 247-249
 

Cross-correlation technique, 89, 92
 
Cryogenic cleaning, 982, see also
 

Argon/nitrogen cryogenic 
aerosols
 

Cubo-octahedral nanocrystals, 556
 
Cunningham factor, 193
 
Cutlery, 1050
 
Cutting, 595, 1051
 
Cyclohexadiene (CHD), 141
 
Cyclosiloxanes, AMCs from, 335
 

Daily life products protection,
 
coatings for, 1052-1053
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Data storage products, ionic 
contamination for, 658
 

Davies equation, 734
 
DC ionizers, 517-519
 

in ISO Class 3 clean room
 
applications, 518
 

pulsed DC ionizers, 518
 
Debye interactions, 484
 
Decahedron, of nanocrystals,
 

559-561
 
Decorative engraving, 945
 
Delamination, film removal by, 922
 
Demarking, 942-944
 
Dental Brushes, 1050
 
Dental components coatings,
 

removal, 940
 
Denture, 1050
 
Derjaguin approximation, 740
 
Desiccant dryers, 934
 
DHF clean, 882-883
 
DHS-GC/MS (dynamic headspace


gas chromatography/mass
 
spectrometry), 347
 

Di-(2-ethylhexyl) phthalates (DOP),
 
358, 363
 

Diatomic molecule and laser

molecule interaction, 108-109
 

Dibutyl phthalates (DBP), 358
 
Dielectrophoresis, in surface
 

cleaning, 286-288
 
Diethyl phthalates (DEP), 358
 
Diffusion coefficient, particle,
 

206-208
 
Diffusion of contaminants, two


phase exponential model, 411--414
 
Diffusion-enhanced deposition
 

from traps, 224-230
 
problem definition, 225-226
 

Dilute HF (dHF) mixtures, 882-883
 
Dimensional results
 

for particle transport and
 
deposition
 
mass flow rate effects, 237-238
 
in parallel plate reactor,
 

233-239
 
pressure effects, 235-237
 

INDEX 

thermophoresis effect,
 
238-239
 

trap height effects, 234-235
 
Dip and flow coatings, 1020
 
Discharge in process tools,
 

524-525
 
Disjoining pressure, 1074-1075
 
Dispersion forces, 828
 
Dissipative materials, 510
 
DLVO theory, 736, 742-743, 876
 
Dopant contaminants, 395-401
 

analysis, 365--367 
Double-cylinder chamber test 

method,434
 
Dow suspension test, 1018
 
Drift velocity
 

in aerosol particles transport and
 
deposition, 201-205
 
electric drift velocity, 205
 
gravitational drift velocity,
 

202-203
 
thermophoretic drift velocity,
 

203-205
 
Dry cleaning techniques, xli, 620
 
Dry deposition, particle transport
 

relevance in, 273-280
 
factors influencing, 275-276
 

Drying processes, 853-854,
 
see also Marangoni based
 
drying; Semiconductor wafer
 
drying
 
in semiconductor manufacturing,
 

1070-1073
 
isopropyl alcohol (IPA) vapor
 

dryers, 1070
 
spin drying, 1070-1071
 
surface tension gradient
 

(Marangoni) based drying,
 
1071
 

tensioactive (surface active)
 
vapor assisted (TAV), 1070
 

Dual-nozzle process, 967
 
Dulong-Petit law, 405
 
Dust collection, 935
 
Dynamic contact angle analyzers
 

(DCAs), 703-704
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method,434
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)rift velocity
 

in aerosol particles transport and
 
deposition, 201-205
 
electric drift velocity, 205
 
gravitational drift velocity,
 

202-203
 
thermophoretic drift velocity,
 

203-205
 
Dry cleaning techniques, xli, 620
 
Dry deposition, particle transport
 

relevance in, 273-280
 
factors influencing, 275-276
 

Drying processes, 853-854,
 
see also Marangoni based
 
drying; Semiconductor wafer
 
drying 
in semiconductor manufacturing,
 

1070-1073
 
isopropyl alcohol (IPA) vapor
 

dryers, 1070
 
spin drying, 1070-1071
 
surface tension gradient
 

(Marangoni) based drying,
 
1071
 

tensioactive (surface active)
 
vapor assisted (TAV), 1070
 

Dual-nozzle process, 967
 
Dulong-Petit law, 405
 
Dust collection, 935
 
Dynamic contact angle analyzers
 

(DCAs), 703-704
 

INDEX 

Dynamic headspace
 
engineering test method, 379
 
screening test method, 379
 

Eckman spirals, 1085
 
Economic hazards, of solvent


cleaning process, 821-822
 
Electric drift velocity, in aerosol
 

particles transport and
 
deposition, 205
 

Electroless plating, 1021
 
Electron energy-loss spectroscopy of
 

nanoparticles, 547, 576-581
 
ELNES and bonding in transition
 

metal oxides, 578-581
 
quantitative nanoanalysis, 577-578
 

Electron microscopy techniques
 
for nanoparticles imaging and
 

analysis, 531-583
 
electron energy-loss
 

spectroscopy, 576-581
 
energy dispersive x-ray
 

microanalysis (EDS), 581-582
 
high-resolution transmission
 

electron microscopy, 545-555,
 
see also separate entry 

in-situ TEM and
 
nanomeasurements, 570-576
 

scanning electron microscopy,
 
531-545, see also separate 
entry 

scanning transmission electron 
microscopy, 564-570, see also 
separate entry 

Electron Spectroscopy for Chemical
 
Analysis (ESCA), 588
 

Electronics manufacturing
 
ionic contamination in sources
 

and effects of, 654-656
 
Electrophotographic process,
 

477,495
 
Electroplating, 1021
 
Electrostatic discharge (ESD)
 

controls
 
cleanroom electrostatic
 

management, 511-514
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insulators versus conductors,
 
510-511
 
conductive materials, 510
 
dissipative materials, 510
 
insulative materials, 510
 

particle contamination in
 
cleanroom environments and,
 
503-527
 
air ionization for static charge
 

control, 514--521
 
air ionizer applications, 521-526
 
corona ionization, 515-519, see
 

also individual entry 
HEPA filtration, 505-507
 
photoelectric ionization,
 

519-520
 
radioisotope ionization, 520-521
 

static charge generation, 508-509
 
Electrostatic film cleaner, 272
 
Electrostatic force, 878-879
 

aerosol particles transport and
 
deposition and, 198-199
 

in aerosol particles transport and
 
deposition, 221
 

in surface cleaning, 285-286
 
Energy dispersive x-ray 

spectroscopy (EDSjEDX), 
581-58~ 590,662-663 

Energy-loss near edge structure 
(ELNES),578-581 

Engineering test method, for 
construction materials, 371-376
 

Engraving, 945
 
Environmental and regulatory
 

issues, solvent-cleaning process, 
760-796
 

Environmental control, 854--855
 
Environmental regulations, in
 

solvent cleaning, 865-866
 
Environmental scanning electron
 

microscope (ESEM), 535-536
 
Escherichia coli, 1015, 1024
 
Ester phosphates, 393-395
 
Ester phthalate contaminants,
 

392-393
 
analysis, 358--364
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Etching, 656, 945
 
etched surface cleaning, 979
 

2-Ethyl hexanol (2-EH), 358
 
Eulerian approach/formulation,
 

210,240 
in aerosol particles transport and 

deposition, 205~209 

particle diffusion coefficient, 
206-208
 

nondimensional formulation,
 
208-209
 

efficiency for, 222-223
 
Eulerian particle transport
 

equation
 
solution of, 226-228
 

Evaporation
 
evaporated film thickness,
 

I 104-1 109, 1112-1115
 
evaporative deposition, 1069
 

Everhart-Thornley detector, 539
 
External force limit
 

in aerosol particle transport and
 
deposition
 
in parallel plate reactor, 219,
 

223-224
 

Faraday cage, 539
 
Fatigue cracking, 595
 
Femtochemistry
 

birth of, 101-106
 
of surfaces
 

pump-probe SSFG and
 
SSHG probing, 157-162
 

Few-optical-cycle laser pulse, 39-48
 
principle, 41
 

Films
 
film adherence method, 1018
 
removal of, 922-924
 

Fine aerosol, 4
 
Fine feather-like particles
 

in abrasive sliding
 
micro-cutting and generation
 

of, 305-307
 
Flake-like particles
 

generation by repeated contact,
 
309-310
 

INDEX 

in sliding contact, adhesive
 
transfer, 303-305
 

Flammability issues, in solvent

cleaning process, 797
 
flammability limits vs. flash point,
 

805
 
strategies to contain, 822
 
test equipment, 805
 

Flash point, 797-802
 
flash point vs., 805
 
flash point data, 802
 
regulatory requirements related
 

to, 800-801
 
test equipment, 799-800
 

Flow field in showerhead holes,
 
212-213
 

Fluid transport equations
 
for aerosol particle transport and 

deposition 
flow field in the showerhead 

holes, 212-213
 
in parallel plate reactor,
 

211-217
 
Fluid-particle drag force,
 

192-197
 
assumptions and practical
 

considerations, 194-197
 
continuum regime limit, 196
 
free molecule regime limit,
 

196-197
 
Fluorescent emission, 102-103
 
Fluxes, 655-656
 
Focused ion beam (FIB) source,
 

596
 
Food packaging, 1051
 
Food preservation, 1051
 
Food protection, coatings for,
 

1052
 
Four surface analytical methods,
 

properties for, 587
 
Fowlkes and Robinson model, of
 

adhesion, 483
 
limitations, 483
 

Franck-Condon excitation,
 
111-112. 123-124
 

Freon cleaning, xl
 



INDEX 

in sliding contact, adhesive
 
transfer. 303-305
 

lammability issues, in solvent

cleaning process, 797
 
flammability limits vs. flash point,
 

805
 
strategies to contain, 822
 
test equipment, 805
 

'lash point, 797-802
 
flash point vs., 805
 
flash point data, 802
 
regulatory requirements related
 

to, 800-801
 
test equipment, 799-800
 

'low field in showerhead holes,
 
212-213
 

-luid transport equations
 
for aerosol particle transport and 

deposition 
flow field in the showerhead 

holes, 212-213
 
in parallel plate reactor,
 

211-217
 
Fluid-particle drag force,
 

192-197
 
assumptions and practical
 

considerations, 194-197
 
continuum regime limit, 196
 
free molecule regime limit,
 

196-197
 
Fluorescent emission, 102-103
 
Fluxes, 655-656
 
Focused ion beam (FIB) source,
 

596
 
Food packaging, 1051
 
Food preservation, 1051
 
Food protection, coatings for,
 

1052
 
Four surface analytical methods,
 

properties for, 587
 
Fowlkes and Robinson model, of
 

adhesion, 483
 
limitations, 483
 

Franck-Condon excitation,
 
111-112, 123-124
 

Freon cleaning, xl
 

INDEX 

Frequency Resolved Optical Gating, 
see FROG 

FROG (Frequency Resolved
 
Optical Gating), 50, 55,
 
59-60
 
PG-FROG,61
 
SHG-FROG measurements,
 

61-62
 
collinear type-II SHG FROG
 

measurements, 63
 
noncollinear SHG-FROG
 

measurements, 62
 
THG-FROG measurements,
 

61-62
 
Front opening unified pod (FOUP),
 

509
 
Frosting, 945
 
Fruit-basket phenomenon, 403,
 

422--424
 
Fungi, 1015
 

Gas
 
classical model of gas, 9
 
gas molecules by wear, 323
 
gas molecules, 10-15
 
model,8-10
 

Gibbs equation, 695, 731
 
Glass, 1051
 
Global warming, 789-795
 

Carbon dioxide (C02 ) , 790
 
Global Warming Potential
 

(GWP), 789-792
 
solvent characteristics.
 

795-796
 
solvent cleaning regulation,
 

789-792
 
Gouy, phase term, 84
 
Graphite furnace atomic absorption
 

(GFAA), 663-664
 
Grating based stretcher/compressor,
 

37
 
Gravitational drift velocity, in
 

aerosol particles transport and
 
deposition, 202-203
 

Gravitational force, aerosol particles
 
transport and deposition and, 197
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Greenhouse effect, 789, see also
 
Global warming
 

Group delay dispersion (GDD), 30
 

Halons, 765
 
Hamaker constant, 270, 484, 735,
 

740, 876-877,955
 
Hamiltonian operator, 107
 
Hansen Solubility Parameters
 

(HSP), 822, 829-831
 
for polymeric soils, 831
 
solvent selection with, 835-838
 
solvent substitution with, 830-831
 

data and calculations, 833-839
 
HSP data, 830-831
 

Hard drive disk assemblies and
 
components, in CO 2 snow
 
cleaning, 1008
 

Harmonic generation
 
autocorrelator, 56-57
 

Hazard Communication
 
(HAZCOM) training, 820
 

Health consequences of solvent

cleaning process, 796--822
 
body contact, 810
 
carcinogenicity, 814-815
 
combustion, 802-807
 
flammability issues, 797
 

flash point, 797-802, see also
 
separate entry
 

ingestion, 812
 
procedures recommended to
 

avoid fires, 809-810
 
protection from hazards, 815-820
 

becoming informed, 815-818
 
communication of information,
 

819-820
 
economic hazards, 821-822
 
legal or regulatory hazards, 821
 
MSDS, 816-818
 
taking action, 820-821
 

skin contact, 812-814
 
static discharge. 807-809
 

HEPA (high efficiency particulate
 
air), 514
 

Hertz equation, 488
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Hertzian theory, 687
 
Hexafluoroethane, 618
 
Hexamethyldisilazane (HMDS),
 

336, 337, 385
 
HFCs hydrofluorocarbons, 762
 
High efficiency particulate air
 

(HEPA),330
 
High-energy surfaces, 699
 
High-order harmonic generation
 

(HHG), 75-85
 
experimental setup of, 77
 

High-resolution transmission
 
electron microscopy (HRTEM),
 
545-555
 
atomic resolution lattice imaging,
 

548-555, see also individual 
entry 

bright field (BF) image, 547
 
dark field (DF) image, 547
 
main components, 546-547
 

High-speed impinging jet, cleaning
 
using, 889-916
 
air jet removal, 890-906, see also
 

individual entry
 
pulsed air jet, 913
 
removal efficiency, 894-895, see
 

also individual entry
 
Hildebrand Solubility Parameter,
 

822, 825-829
 
molecular forces, 827-829
 
one-dimensional solubility
 

parameter, 826-827
 
Homogeneous nucleation, 15--16
 
Hue saturation lightness (HSL), 682
 
Hydration shell, 1081
 
Hydrobromofluorocarbons
 

(HBFCs), 765
 
Hydrocarbon contaminants, xxxiii
 
Hydrochloric acid, AMCs from, 335
 
Hydrochlorofluorocarbons
 

(HCFCs), 766, 791-792
 
HCFC cleaning solvents, bans
 

associated with, 793
 
Hydrodynamic force, 880-881
 

during aerosol jet cleaning,
 
955-956
 

INDEX 

Hydrodynamic shear, 954-955
 
Hydrogels, coatings with, 1023-1026
 
Hydrogen bonding, 695, 828
 
Hydrolyzing labile bonds,
 

1036-1037
 
Hydrophilic polymers, coatings
 

with, 1023-1026
 
Hyperbolic-secant pulse-envelope,
 

113
 

Icosahedron, of nanocrystals,
 
559-561
 

lEST method, 412
 
lEST WG 031 document, 370-376
 

engineering test method, 371-376
 
screening test method, 370-371
 

Impregnation
 
coating after, 1035-1036
 
impinging angle, 897-903
 

Induction, 509
 
Inductively coupled plasma/mass
 

spectrometry (lCP/MS), 664-665
 
Inertia-enhanced deposition
 

in aerosol particles transport and
 
deposition, 242-261
 
asymptotic limit of critical
 

Stokes number, 247-249
 
coupled transport, 249-261
 
external forces, 254-255
 
grand design curves, 252-254
 
parabolic profile, 255-257
 
particle transport in
 

showerhead holes, 242-245
 
Inertial effects, in aerosol particles
 

transport and deposition, 199-20 I
 
nondimensionalization, 199-20 I
 

Ingestion hazard, in solvent

cleaning process, 812
 

Inhalation hazard, in solvent

cleaning process, 811-812
 
solvent inhalation, 811-812
 

Innovation, in solvent cleaning,
 
866-868
 
business innovation, 866
 
regulatory innovation, 867-868
 
technical innovation, 866-867
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ydrodynamic shear, 954-955
 
ydrogels, coatings with, 1023-1026
 
ydrogen bonding, 695, 828
 
ydrolyzing labile bonds,
 
1036-1037
 
ydrophilic polymers, coatings
 
with, 1023-1026
 
yperbolic-secant pulse-envelope,
 
113
 

osahedron, of nanocrystals,
 
559-561
 
~ST method, 412
 
~ST WG 031 document, 370-376
 
engineering test method, 371-376
 
screening test method, 370-371
 

npregnation
 
coating after, 1035-1036
 
impinging angle, 897-903
 

iduction, 509
 
iductively coupled plasma/mass
 
spectrometry (ICP/MS), 664-665
 

lertia-enhanced deposition
 
in aerosol particles transport and
 

deposition, 242-261
 
asymptotic limit of critical
 

Stokes number, 247-249
 
coupled transport, 249-261
 
external forces, 254-255
 
grand design curves, 252-254
 
parabolic profile, 255-257
 
particle transport in
 

showerhead holes, 242-245
 
nertial effects, in aerosol particles
 
transport and deposition, 199-20 I
 
nondimensionalization, 199-201
 

ngestion hazard, in solvent

cleaning process, 812
 

nhalation hazard, in solvent

cleaning process, 811-812
 
solvent inhalation, 811-812
 

nnovation, in solvent cleaning,
 
866-868
 
business innovation, 866
 
regulatory innovation, 867-868
 
technical innovation, 866-867
 

INDEX 

In-situ TEM and
 
nanomeasurements, 570-576
 

Insulators versus conductors,
 
510-511
 

Integrated dryer/filter, 934
 
Interactions, particle, 15-18, see also
 

van der Waals interactions
 
adhesion due to
 

covalent interactions, 480
 
electrostatic interactions, 480
 
gravitational interactions,
 

478
 
ionic interactions, 480
 
Lewis acid-base interactions,
 

480
 
magnetic interactions, 479
 
metallic interactions, 480
 
strong interactions, weak
 

interactions, electromagnetic
 
interactions, 478--479
 

triboelectric interactions, 480
 
adsorption, 17-18
 
coagulation, 15
 
homogeneous nucleation, 15-16
 
model for nanometer-sized
 

particles, 19-21
 
of very small particles, 25-163
 

Interfacial forces, and particle
 
removal, 734-753
 

Interferometry, 676-680, see also
 
Colorimetric interferometry
 
constraints, 678
 
elementary phenomena, 676-679
 
white light interferometry,
 

679-680
 
Intermediate accumulation mode
 

aerosol, 4
 
International Technology Roadmap
 

for Semiconductors (ITRS),
 
334, 339
 
ITRS 1999,343-344
 
ITRS roadmap defect prevention
 

and elimination technology
 
requirements, 340
 

ITRS roadmap starting materials
 
technology requirements, 341
 

ITRS roadmap surface
 
preparation technology
 
requirements, 342
 

Intracavity dispersion control
 
techniques, 30
 

Ion beam milling, 595
 
Ion chromatography (IC), 667-671
 
Ion exchange model, 1079-1080
 
Ion mobility spectrometry (IMS), 350
 
Ionic contamination, 653-672,
 

see also Corrosion
 
analytical techniques for. 660
 
of cleanroom and packaging
 

materials, 658-659
 
of data storage products, 658
 
in electronics manufacturing
 

sources and effects of, 654-656
 
instrumentation selection,
 

661-671
 
AES, 666
 
CIE, 671
 
EDS/EDX, 662-663
 
GFAA, 663-664
 
ion chromatography (IC),
 

667-671
 
OSEE,665
 
phase imaging, 661-662
 
SIMS, 665-666
 
TXRF,667
 
ultraviolet photoelectric
 

emission, 661
 
XPS/ESCA, 666-667
 

for semiconductor and MEMS
 
manufacturing, 656-658
 

selection criteria, 660-661
 
sources of, 653
 

Ions
 
corrosive ions, 654
 
description, 653
 

Iso-angle, 1099
 
Isopropyl alcohol (IPA), 1070
 

JACA 34-1999 outgassing systems,
 
376-382
 
dynamic headspace, 379
 
for microchamber, 377
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JACA 34-1999 outgassing systems 
(continued) 
onsite measuring method,
 

380-382
 
for a one-sided surface, 378
 
static headspace method, 379
 
for small chamber, 377
 
for substrate surface
 

adsorption/thermal
 
desertion method, 378
 

thermal desorption test method,
 
379-380
 

JACA methods, 412
 
Japan Air Cleaning Association
 

(JACA),330
 
JKR theory, 487-490, 493
 
Joule-Thomson cooling effect,
 

958, 960
 

Kauri Butanol (Kb) test, 822,
 
823-825
 
solvents ranking by, 824
 

Kb test, see Kauri Butanol (Kb) test
 
Keesom interactions, 484
 
Keldysh parameter, 70, 71
 
Kerr nonlineari ty, 31
 
Kerr-lens mode locking (KLM),
 

31-32
 
Kinetic energy resolved TOF mass


spectroscopy (KETOF), 128-133
 
experimental set-up, 131
 
multi photon ionization by a
 

single-color ultrafast pulse in,
 
132
 

KLM (Kerr-lens mode locking),
 
31-33
 

Knudsen number, 13, 190-192, 198,
 
280-281
 

Lagrangian approach/formulation,
 
210,218-219,
 
245, 731, 751
 
efficiency for, 222
 
Lagrangian particle equation of
 

motion. 191-199
 
electrostatic force and, 198-199
 

INDEX 

fluid-particle drag force, 
192-197, see also individual 
entry 

gravitational force and, 197
 
thcrrnophoretic force, 197-198
 

Langmuir Blodgett film
 
compression tests, 138,
 
405-407, 75\
 

Laplace'sequation, 702
 
Laser Induced Fluorescence (LIF)
 

technique, 115-116
 
for NaI molecule, 118-119
 

Laser-assisted photoionization,
 
94-95
 

Legal or regulatory hazards, of
 
solvent-cleaning process. 821
 

Lewenstein theory to nonadiabatic
 
case. 77
 

Lewis acids, 696
 
Lifshitz theory, 740
 
Liquid dispensation during drying,
 

1114-1115
 
Lithography process, 657
 
Local-field-induced enhancement
 

of SSHG on metal surfaces.
 
150-151
 
metal nanoparticles, 151-157
 

London or dispersion forces,
 
484-485
 

Lorentz force, 74, 533
 
Lotus effect, 1026
 
Low energy ion scattering (LEIS),
 

XXXIX
 

Low energy surfaces, 699
 
Low-energy ion scattering (LEIS),
 

635-646
 
applications of, 641-645
 
background of, 635
 
basic principles of, 635-640
 
instrumentation, 640-641
 
recent developments and future
 

directions of, 645-646
 
in surface cleaning methods
 

evaluation, 642
 
Lowest-order perturbative theory
 

(LOPT), 81
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[uid-particle drag force, 
192-197, see also individual 
entry 

sravitational force and, 197
 
thermophoretic force, 197-198
 
:muir-Blodgett film
 
mpression tests, 138,
 
5--407, 751
 
ace'sequation, 702
 
r Induced Fluorescence (LIF)
 
;hnique,115-116
 
r NaI molecule, 118-119
 
:r-assisted photoionization,
 
f-95
 
11 or regulatory hazards, of
 
Ilvent-c1eaning process, 821
 
enstein theory to nonadiabatic
 
lse,77
 
'is acids, 696
 
hitz theory, 740
 
lid dispensation during drying,
 
114-1115
 
iography process, 657
 
al-field-induced enhancement
 
f SSHG on metal surfaces,
 

150-151
 
metal nanoparticles, 151-157
 

idon or dispersion forces,
 
84--485
 
'entz force, 74, 533
 
us effect, 1026
 
N energy ion scattering (LEIS),
 
.xxix
 
N energy surfaces, 699
 
w-energy ion scattering (LEIS),
 
;35-646
 
lpplications of, 641-645
 
iackground of, 635
 
iasic principles of, 635-640
 
nstrumentation, 640-641
 
.ecent developments and future
 

directions of, 645-646
 
n surface cleaning methods
 

evaluation. 642
 
west-order perturbative theory
 
lLOPT),81
 

INDEX 

Low-voltage imaging, 541
 
Lubrication, colorimetric
 

interferometry in, 684
 

Magnetic resonance spectroscopy, 
XXXiX 

Manufacturing process. AMC
induced problems in, 336-337
 

Mapping. by XPS, 612
 
Marangoni based drying, 854, 1071,
 

1123-\128 
batch Marangoni-based dryer, 

1095
 
drying speed, 1126
 
of horizontally rotating wafer,
 

1073
 
of horizontally rotating wafer,
 

1097-1098
 
limitations, 1090-1091
 
mean surface tension gradient for.
 

\ 124-\ 125
 
on a rotating wafer, 1114-1120
 

adsorption investigation.
 
1118-1120
 

liquid dispensation during
 
drying, 1114-1115
 

liquid surface tension. effect of,
 
1117-1118
 

nozzle speed effect, 1115-1117
 
single wafer Marangoni-based
 

dryer, 1095-1097
 
vertical Marangoni-based drying
 

of silicon wafers, 1072-1073,
 
1086-1088, 1095-1097,
 
1110-1114
 

Mathematical modeling, of
 
enhanced-particle removal using
 
surfactants, 750-753
 

Maxwell-Boltzmann distribution, 9
 
Maxwellian velocity, 9
 
Mechanical erosion, film removal
 

by, 923-924
 
Mechanical removal, 595
 
Membrane dryers. 934
 
MEMS manufacturing, ionic
 

contamination for, 656-658
 

Metal coatings
 
for biological contamination
 

prevention, 1044-1045
 
silver, 1045
 

Metal nanopartic1es (MNPs), 27
 
Metatricresyl phosphate (TCP), 312
 
Method of images. 481
 
Methyl bromide, 765
 
Methyl chloroform, 765
 
Michelson interferometer, 55
 
Microabrasive precision cleaning and
 

processing technology, 919-947
 
advantages. 946-947
 
air treatment, 933-935
 
applications, 938-946
 

conformal coatings, removal,
 
938-939
 

cutting brittle materials,
 
940-941
 

Decorative engraving, 945
 
dernarking, 942-944
 
dental components coatings,
 

removal, 940
 
etching, 945
 
frosting, 945
 
precision deburring of metal
 

components, 941-942
 
Thin film removal, 939
 

costs, 938
 
disadvantages, 947
 
dust collection, 935
 
fundamental considerations,
 

921-925
 
recycling and secondary waste.
 

935-936
 
removal of films, 922-924
 

by delamination, 922
 
by mechanical erosion, 923--924
 

removal of particles, 924-925
 
scalability, 937-938
 
static charging, 936-937
 
system description, 925-938
 

abrasives, see separate entry
 
nozzle materials and design.
 

926-927
 
Microban'", 1052
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Microbe killing (growth inhibiting
 
coatings), 1027-1044
 
additives, 1036
 
biodegradable systems, 1037-1038
 
biological release systems, 1038
 
coating after impregnation,
 

1035-1036
 
coating material, loading,
 

1034-1035
 
complexes, 1036
 
contact active antimicrobial
 

surfaces, 1038-1044
 
physicochemical action,
 

1042-1044
 
release systems, 1028-1038
 
sparingly soluble drugs use in,
 

1035
 
Microbes, 1015
 
Microbial adhesion, surface net
 

charge influence on,
 
1026-1027
 

Microbiocidal coatings killing
 
microbes on contact,
 
1040-1041
 

Microbiocides. 1019
 
Microbiostatics, 1019
 
Microchannel plate (MCP), 88
 
Micro-cutting
 

of fine feather-like particles in
 
abrasive sliding,
 
305-307
 

mechanism, 305
 
Micromachining of three


dimensional structures,
 
944-945
 

Micro-site for wear particles
 
generation, 299-302
 

Mine Safety Health Administration
 
(MSHA),820
 

Mirror-dispersion-controlled
 
(MDC) KLM, 34-46
 
KLM/MDC Ti:Sa oscillators,
 

34,46
 
Mode locking, 27-31
 

mode-locked harmonics, 88
 
passive mode-locking, 29
 

INDEX 

Molecular forces, 827-829
 
intermolecular forces, 828
 

dispersion forces, 828
 
hydrogen bonding forces, 828
 
polar interactions, 828
 

Molecular populations controlling
 
by ultrafast pulses, 120-128
 

molecular excitation in
 
solution, controlling, 127
 

Molecular size aerosol, 4
 
Molecules
 

bond-breaking in single
 
molecules, 115-120
 

concepts and dimensions, 5-8
 
H20 molecule, 8
 
in strong fields, dynamics, 100-109
 

diatomic molecule and
 
laser-molecule interaction,
 
108-109
 

polyatomic molecules, 128-130
 
Monolayer contamination, 403--407
 
Monte Carlo methods, 18
 
Montreal protocol control
 

measures, 765
 
Multi Photon Ionization (MPI),
 

115
 
Multimode gas-filled hollow fiber
 

technique, 47
 
Multiphoton ionization, 68
 

in KETOF experiments, 132
 
Multiple twinned particles (MTP),
 

559-561
 
Multiple-stage processes, in solvent
 

cleaning, 855-856
 
Musical seat games phenomenon,
 

422
 

Nanocrys tals
 
shapes of, 555-561
 

cubo-octahedral nanocrystals,
 
556
 

decahedron, 559-561
 
icosahedron, 559-561
 
multiple twinned particles
 

(MTP), 559-561
 
polyhedral shapes, 555-558
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cular forces, 827-829
 
ermolecular forces, 828
 
lispersion forces, 828
 
:1ydrogen bonding forces, 828
 
polar interactions, 828
 
-cular populations controlling
 
ultrafast pulses, 120-128
 

molecular excitation in
 
solution, controlling, 127
 

ecular size aerosol, 4
 
ecules
 
md-breaking in single
 
molecules, 115-120
 
mcepts and dimensions, 5-8
 
20 molecule, 8
 
l strong fields, dynamics, 100-109
 
diatomic molecule and
 

laser-molecule interaction,
 
108-109
 

,olyatomic molecules, 128-130
 
riolayer contamination, 403-407
 
mte Carlo methods, 18
 
mtreal protocol control
 
neasures, 765
 
ilti Photon Ionization (MPI),
 
l15
 
.iltimode gas-filled hollow fiber
 
technique, 47
 
ultiphoton ionization, 68
 
in KETOF experiments, 132
 
ultiple twinned particles (MTP),
 
559-561
 
ultiple-stage processes, in solvent
 
cleaning, 855-856
 
iusical seat games phenomenon,
 
422
 

lanocrystals
 
shapes of, 555-561
 

cubo-octahedral nanocrystals,
 
556
 

decahedron, 559-56L
 
icosahedron, 559-56 L
 
multiple twinned particles
 

(MTP), 559-561
 
polyhedral shapes, 555-558
 

INDEX 

thermodynamic properties of,
 
570-576
 

twining structure and stacking
 
faults, 558-559
 

Nanodiffraction, 562-564
 
experimental procedure for,
 

563-564
 
optics for, 562-563
 

Nanometer-sized particles,
 
interaction model for,
 
19-21
 

Nanoparticles
 
as molecular clusters, 18-19
 
imaging and analysis
 

electron microscopy techniques
 
for, 531-583, see also
 
Electron microscopy
 
techniques
 

metal nanoparticles
 
local-field-induced
 

enhancement of SSHG on,
 
151-157
 

Nanoscale microanalysis, 569-570
 
Nanosize aerosol, 4
 
National Aeronautics and
 

Space Administration (NASA),
 
763
 

Navier-Stokes equations, 190,214
 
Near-atomic scale resolution, xxxix
 
Newton root-finding technique,
 

243
 
Newton's color scale, 679
 
Non-adhesive coatings, 1022-1027
 

with hydrophilic polymers and
 
hydrogels, 1023--1026
 

proteins, 1027
 
surface net charge influence,
 

1026-1027
 
ultrahydrophobic coatings, 1026
 

Nonadiabatic processes, 128-130
 
TRPES in, 134
 

Noncontinuum considerations, in
 
aerosol particles transport and
 
deposition, 190-191
 

Nondimensional formulation,
 
208-209
 

for particle transport and
 
deposition
 
in parallel plate reactor,
 

230-233
 
Nondimensionalization, in aerosol
 

particles transport and
 
deposition, 199-201
 

Nonlinear optical techniques
 
for surface probing, 142-162
 

theoretical considerations,
 
145-150
 

Non-volatile liquid model,
 
1082-1083
 

Nonvolatile residue (NVR), xxxiv
 
Nozzles, in CO 2 snow cleaning,
 

995--997
 
concepts, 996
 
converging diverging nozzle, 995
 
design, 996
 
vortex nozzle, 996
 

Nucleation
 
homogeneous, 15-16
 
nucleation mode aerosol, 4
 

Oil contamination, air treatment
 
for, 935
 

Onsite measuring method,
 
380-382
 

Optical field ionization (OFI), 72
 
Optical pulse compression,
 

principle, 41
 
Optically stimulated electron
 

emission (OSEE), 665
 
Organic compound contamination,
 

386-401
 
as adsorption phenomenon, 712
 
concentration change with time,
 

436-437
 
conceptual diagram,
 

contamination investigation
 
based on, 426-432
 

Organic removal, using CO 2 snow
 
cleaning, 990-991
 

Orthopaedic implants, surface
 
contamination in, 598
 
XPS for, 616
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Outgassing evaluation method 
for construction materials.
 

367-382
 
lEST WG 031 document,
 

370-376, see also individual 
entry 

JACA 34-1999 document, 
376- 382
 

Overhead blower ionizer, 525
 
Oxide particles
 

tribe-oxidation and generation
 
by repeated contacts in air and
 

water, 311-312
 
Ozone-depleting chemicals (ODCs),
 

761-772
 
class I ozone-depleting
 

substances, 767-769
 
class II ozone-depleting
 

substances, 770-771
 
in stratosphere, reactions of,
 

772-776
 
regulation of, 762-772
 

Ozone-last surfaces, 110I
 

Packaging materials, ionic
 
contamination of, 658-659
 

Parabolic profile, in aerosol
 
particles transport and
 
deposition, 255-257
 

Parallel plate reactor 
particle transport and deposition
 

in, 209-241
 
diffusion-enhanced deposition
 

from traps, 224-230
 
dimensional results, 233-239
 
Eulerian approach, 210--211
 
external force limit, 219
 
fluid transport equations,
 

211-217
 
Lagrangian approach, 210-211
 
nondimensional results, 230 -233
 
particle collection efficiency, 217
 
particle collection efficiency, 229
 
particle flux, 229-230
 
particle traps/in situ nucleation,
 

220-224
 

INDEX 

particles entering through 
showerhead,218-220 

transport between parallel
 
plates, 213-216
 

particle transport between,
 
245-249
 

Particles, see also Aerosol particles;
 
Fine feather-like particles;
 
Flake-like particles; Oxide
 
particles; Wear particles
 
adhesion and removal of,
 

475--498, see also individual
 
entry
 

collision, during aerosol jet
 
cleaning, 956-958
 

entering through showerhead,
 
218-220
 

and gas molecules, 10-15
 
Lagrangian particle equation of
 

motion, 191-199
 
motion during aerosol jet
 

cleaning, 954
 
particle challenge wafer
 

preparation, 881-882
 
particle collection efficiency
 

in aerosol particle transport
 
and deposition in parallel
 
plate reactor. 217
 

particle traps/in situ nucleation,
 
220-224
 

particle/surface interactions,
 
876-881
 F 
interactions, 15-18, see also P 

Interactions P 
nanoparticles as molecular P 

clusters, 18-19
 
very, very small particles, see
 p 

individual entry 
removal p
 

by chemical cleaning, 873-886,
 
see also Chemical cleaning
 

removal of, 924-925
 
removal
 

removal forces, 739
 
using CO 2 snow cleaning, 990
 

size range of, xxxiv-xxxvi
 

I 



INDEX 

particles entering through
 
showerhead, 218-220
 

transport between parallel
 
plates, 213-216
 

oarticle transport between,
 
245--249 

rticles, see also Aerosol particles; 
Fine feather-like particles; 
Flake-like particles; Oxide 
particles; Wear particles 
adhesion and removal of, 

475-498, see also individual
 
entry
 

collision, during aerosol jet
 
cleaning, 956-958
 

entering through showerhead,
 
218-220
 

and gas molecules, 10-15
 
Lagrangian particle equation of
 

motion, 191-199
 
motion during aerosol jet
 

cleaning, 954
 
particle challenge wafer
 

preparation, 881-882
 
particle collection efficiency
 

in aerosol particle transport
 
and deposition in parallel
 
plate reactor, 217
 

particle traps/in situ nucleation,
 
220-224
 

particle/surface interactions,
 
876-881
 
interactions, 15-18, see also
 

Interactions
 
nanoparticles as molecular
 

clusters, 18-19
 
very, very small particles, see
 

individual entry
 
removal
 

by chemical cleaning, 873-886,
 
see also Chemical cleaning
 

removal of, 924-925
 
removal
 

removal forces, 739
 
using CO2 snow cleaning, 990
 

size range of, xxxiv-xxxvi 

INDEX 

transport and deposition
 
between parallel plates, 245-249
 
in a parallel plate reactor,
 

209-241
 
in showerhead holes, 242-245
 

transport, in surface deposition
 
and cleaning, 267-293
 
abrasive erosion in, 288-292
 
adhesion force due to a liquid
 

film, 270
 
dielectrophoresis in, 286-288
 
dry deposition, 273-280
 
electrostatic film cleaner, 272
 
electrostatic force in, 285-286
 
particle-solid surface
 

interactions, 268-273
 
thermophoresis in, 280--285
 

tribological implication of, 
299-325, see also Tribological 
implication 

Passive mode-locking, 29
 
Peclet numbers, 208, 240-241
 

intermediate, 230-233
 
Peroxide, 787
 
Peroxyacetyl nitrates (PANs),
 

785, 787
 
Perturbative regime, 69-71
 

atoms and ultrashort laser field
 
interactions. 68
 

lowest-order perturbative theory
 
(LOPT), 81
 

PH effect, 1080
 
Phase contrast imaging, 548--550
 
Phase imaging, 661-662
 
Phase object approximation (POA),
 

549
 
Phase-locked pulses, for chemical
 

reaction control, 123-124
 
Phosphate contaminants, 365,
 

386-401
 
ester phosphates, 393-395
 
phosphate-buffered saline (PBS),
 

1018
 
phosphorus generation, sources
 

of, 40 I
 
phosphorus oxide, AMCs from, 335
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Photoelectric ionization, 519--520
 
Photoelectron emission, 602
 
Photoioniza tion
 

laser-assisted, 94-95
 
two-color X-ray photoionization,
 

98
 
Photolithography, 656
 
Photon-counting regime, 144
 
Photonic band gap (PBG), 39
 
Photonic crystal (PC), 39
 
Phthalate contaminants, 386-401
 
Physical adsorption (physisorption),
 

695
 
Physical vapor deposition, 1022
 
Physicochemical action, in microbe
 

killing, 
1042-1044
 

Planck's constant, 70
 
Plasma etching, 598
 
Plastic flow, surface plastic flow by
 

repeated 
contacts, 307-309
 

Plating, 656
 
Ploughing, 290
 
Poisson ratio. 488
 
Polar interactions, 828
 
Polishing, 595
 
Poly (ethylene imine) (PEl), 1043
 
Poly(3-hexylthiophene) (P3HT), 644
 
Poly(dimethylsiloxane) (PDMS),
 

614, 632, 644
 
Poly(ethylene terephthalate) (PET),
 

605-607
 
Polyatomic molecules, 128-130
 
Polyhedral shapes, of nanocrystals,
 

555-558
 
Polymer cleaning, 1005
 
Polymer light emitting diode
 

(PLED),645 
Polystyrene latex surface particles, 

972
 
Ponderomotive potential, 72, 82
 
Post-cleaning surfactant removal,
 

749
 
Prandtl number, 282
 
Pre-charging method, 906-909
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Precision cleaning, 919-947, 970, see
 
also Microabrasive precision
 
cleaning
 

Precision deburring of metal 
components, 941-942
 

Pristine, 855
 
Pseudomonas aeruginosa, 1015
 
Pulsed air jet method, 913
 
Pulsed DC ionizers, 518
 
Pump-probe SSFG and SSHG,
 

157-162
 
'Pythagorean Theorem' of solubility
 

parameters, 829
 

Quality control in solvent cleaning,
 
858-861
 

Quantitative analysis, of AMCs,
 
345-352
 
solvent washing method, 345-347
 
surface (instrumental) analysis, 350
 
WTD-GC/MS, 347-352
 

Quantitative nanoanalysis, 577-578
 
Quasi-I-D stagnation point flow,
 

214,216
 

Radioisotope ionization, 520-521
 
Raman effect, 87
 
Random formation process, of
 

clusters, 18
 
RCA cleaning method, 620
 
Recontamination
 

cleaning technique, 1002-1003
 
CO2 impurities, 1001-1002
 
moisture condensation, 1002
 
sources, 1001-1003
 
static charge, 1002
 

Recycling and secondary waste,
 
935-936
 

Release systems, in microbe killing,
 
1028-1038
 
chemical or physico-chemical
 

surface modification, 
1033-1034
 

diffusion systems, 1029-1038
 
release by hydrolyzing labile
 

bonds, 1036-1037
 

INDEX 

Removal, particles, 475-498,
 
924-925, see also under 
Particles
 
of films, 922-924
 
removal efficiency
 
definition, 894-895
 

impinging angle, 897-903
 
operating conditions effect on,
 

896-903
 
pressure drop and distance,
 

896-903
 
Reynolds number, 192, 195,
 

212-214,216,228,234,245,
 
282, 880, 1085
 

Rhodamine 6G (Rh6G) emitting, 30
 
Rinsing processes, 853
 
Rotational coherence spectroscopy,
 

104
 
Runge-Kutta technique, 230
 

fourth-order, 240
 

Salt tracer tests, 1091--1094 
available literature data, 

1093-1094
 
histogram of, 1110-1111
 
interpretation, 1091-1093
 
IPA flow rate, effect of, 111-1112
 
limits to, 1123
 
procedure for, 1102-1103
 

Marangoni-based drying on a 
rotating wafer, 1103
 

spin dryi ng, 1102
 
vertical Marangoni-based
 

drying, 1102-1103
 
spin drying, 1093
 
withdrawal speed, effect of,
 

1113-1114
 
SC-l clean (ammonia/peroxide
 

mixture) process, 883, 883-885
 
SC-2 (hydrochloric/peroxide
 

mixture or HPM) process, 886
 
Scalability, 937-938
 
Scanning electron microscope
 

(SEM), 1018
 
Auger electrons, 545
 
depth of field in, 534
 

S
 
S
 

S,
 
S,
 

SI 

SI 

S( 

S( 
Sf 

Sf 

Se 
Se 
Se 

Sf 
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mioval, particles, 475-498,
 
924-925, see also under 
Particles
 
of films, 922-924
 
removal efficiency
 
definition, 894-895
 

impinging angle, 897-903
 
operating conditions effect on,
 

896-903
 
pressure drop and distance,
 

896-903
 
eynolds number, 192, 195,
 
212-214,216,228,234.245,
 
282, 880. 1085
 
hodamine 6G (Rh6G) emitting, 30
 
insing processes, 853
 
otational coherence spectroscopy,
 
104
 
unge-Kutta technique, 230
 
fourth-order. 240
 

lIt tracer tests, 1091-1094
 
available literature data.
 

1093-1094
 
histogram of, 1110-1111
 
interpretation, 1091-1093
 
IPA flow rate. effect of, 111-1112
 
limits to, 1123
 
procedure for, 1102-1103
 

Marangoni-based drying on a 
rotating wafer. 1103
 

spin drying. I 102
 
vertical Marangoni-based
 

drying, 1102-1103
 
spin drying, 1093
 
withdrawal speed, effect of,
 

1113-1114
 
C-I clean (ammonia/peroxide
 
mixture) process, 883, 883-885
 

C-2 (hydrochloric/peroxide
 
mixture or HPM) process, 886
 

calability, 937-938
 
canning electron microscope
 
(SEM), 1018
 
Auger electrons, 545
 
depth of field in. 534
 

INDEX 

environmental scanning electron
 
microscope, 535-536
 

imaging, 536-541
 
backscattered electron imaging
 

and secondary electron
 
imaging, 536-540
 

in beam-specimen interaction,
 
537
 

low-voltage imaging, 541
 
for nanoparticles imaging and
 

analysis, 531-545
 
composi tion analysis, 541-545
 
x-rays, 541-545
 

signals produced by, 536-545
 
Scanning transmission electron
 

microscopy (STEM), 564-570
 
composition-sensitive imaging,
 

568-569
 
imaging modes, 566-568
 
instrumentation, 564-566
 
nanoscale microanalysis, 569~570
 

TEM versus, 565
 
Scherzer defocus, 552
 
Schottky field-emission
 

electronsources, 600
 
Schrodinger equation, 76-77. 107
 
Screening test method, for
 

construction materials, 370-371
 
Second Harmonic Generation by
 

Surfaces (SSHG), 27
 
Secondary electron imaging,
 

536-540
 
Secondary ion mass spectroscopy
 

(SIMS), 665-666
 
Secondary waste. 935-936
 
Second-order nonlinear optical
 

susceptibility, 145
 
Self-Assembled Monolayers
 

(SAMs), 699
 
Self-cleaning, 1014, 1016-1017
 
Self-phase modulation (SPM), 30
 
Self-polishing antifouling paint,
 

1046
 
SEMATECH Technology. 336
 

SEMATECH technology transfer
 
report No. 95052812A-TR, 343
 

Semiconductor manufacturing, ionic
 
contamination for. 656-658
 

Semiconductor saturable absorber
 
(SESAM),38
 

Semiconductor wafer drying.
 
1067-1129
 
analytical techniques, 1098-1101
 

metal surface concentration by
 
TXRF. 1098-1100
 

experimental details, 1094-1103
 
ions adsorption on silica
 

surfaces, 1077-1081
 
ion exchange model, 1079-1080
 
maximum surface
 

concentra tion, 1080-1081
 
metal cations and silica surface.
 

interaction. 1079-1081
 
pH effect, 1080
 
silica-water interface. 1078-1079
 

literature models describing,
 
1081-1091
 

materials and products,
 
characterization, 11 01-1102
 

salt tracer tests, 1091-1094,
 
see also separate entry 

techniques, 1070-1073, see also 
Drying techniques
 

theoretical background, 1074-1094
 
wetting films on silica, stability,
 

1074-1077
 
disjoining pressure, 1074-1075
 
short range repulsive
 

interactions, 1075-1077
 
surface forces, 1074
 

Semiconductors. see also individual
 
entries
 
integration, changes in, 332
 
substrates and environment
 

contamination in. 329-456
 
Sherwood number. 228, 274, 277
 
SHG-FROG measurements, 61-64
 
Ship hulls, 1050
 
Short-range repulsive (SRR) forces,
 

1074-1077
 
importance, 1075-1077
 

alcohol films, 1077
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Short-range repulsive (SRR) forces 
(continued) 

aqueous films, 1075-1077
 
Showerhead holes
 

flow field in, 212-213
 
particle transport in, 218-220,
 

242-245
 
SHS-GCjMS (static headspace-gas
 

chromatography/mass
 
spectrometry), 347
 
cleanliness requirements for,
 

444-445
 
air, 445
 
analysis, 444-445
 
cleanliness, 444
 
required cleanliness, 445
 

Sick house syndrome, 452
 
SIGMAK program, 578
 
Silicon wafers, hydrocarbon
 

removal from, 993
 
Siloxane contaminants, 386-401
 

concentration change in
 
cleanroom air, 437-439
 

effects of, 403
 
Siloxanes, analysis, 357-358
 
Silver coatings, for biological
 

contamination prevention, 1045
 
Silver sulfadiazine, 1028
 
Skin contact hazard, in
 

solvent-cleaning process, 812-814
 
Sliding
 

abrasive sliding, 305-307
 
flake-like particles in sliding
 

contact
 
adhesive transfer, 303-305
 

macroscopic, 303
 
Slip correction factor, 193
 
Slip-corrected Stokes drag law, 193
 
Smog formation
 

reactions leading to, 782-785
 
from VOCs, 785-789
 

Snow cleaning, See Carbon dioxide
 
(C02) snow cleaning
 

Software features, of AES, 600
 
Solder flux, 654
 
Solid wear particles, 322-323
 

INDEX 

Solubility parameter, one

dimensional, 826-827
 

Solvent cleaning regulation,
 
because of global warming,
 
789-792
 

Solvent substitution, 831-839
 
multiple components, 831-833
 

Solvent washing method,
 
345-347
 

Solvent-cleaning process, 759
 
cleaning solvents and cleaning
 

processes, choice of, 839-851,
 
see also individual entry 

cleaning/rinsing/drying processes,
 
851-857
 

control in, 858-861
 
avoiding common mistakes,
 

862-863
 
design features of, 852-853
 
drying processes, 853-854
 
environmental and regulatory
 

issues, 760-796
 
future of, 863-868
 

customer preferences, 864-865
 
environmental regulations,
 

865-866
 
innovation, 866-868
 

global warming, 789-795, see also
 
separate entry
 

health consequences of, 796-822,
 
see also individual entry 

Montreal protocol control
 
measures, 765-766
 

ozone-depleting chemicals
 
(ODCs),761--772
 

quality
 
regulations affecting, 792-795
 
rinsing processes, 853
 
solvent selection via solubility
 

parameter, 822-839
 
Hansen Solubility Parameters
 

(HSP), 822, 829-831, see also
 
individual entry
 

Hildebrand Solubility
 
Parameter, 822, 825-829,
 
see also individual entry 
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ubility parameter, one

limensional, 826-827
 
vent cleaning regulation,
 
iecause of global warming,
 
789-792
 
lvent substitution, 831-839
 
nultiple components, 831-833
 
Ivent washing method,
 
345-347
 
lvent-cleaning process, 759
 
cleaning solvents and cleaning
 

processes, choice of, 839-851,
 
see also individual entry 

cleaning/rinsing/drying processes,
 
851-857
 

control in, 858-861
 
avoiding common mistakes,
 

862-863
 
design features of, 852-853
 
drying processes, 853-854
 
environmental and regulatory
 

issues, 760-796
 
future of, 863-868
 

customer preferences, 864-865
 
environmental regulations,
 

865-866
 
innovation, 866-868
 

global warming, 789-795, see also
 
separate entry
 

health consequences of, 796-822,
 
see also individual entry 

Montreal protocol control
 
measures, 765-766
 

ozone-depleting chemicals
 
(ODCs),761-772
 

quality
 
regulations affecting, 792-795
 
rinsing processes, 853
 
solvent selection via solubility
 

parameter, 822-839
 
Hansen Solubility Parameters
 

(HSP), 822, 829-831, see also
 
individual entry
 

Hildebrand Solubility
 
Parameter, 822, 825-829,
 
see also individual entry 

INDEX 

Kauri Butanol (Kb) test, 822,
 
823-825, see also individual 
entry 

solvent substitution, 831-839,
 
see also individual entry 

standards and metrics for,
 
859-861
 

volatile organic compounds
 
(VOCs), 776-789
 

SPIDER measurement (spectral
 
phase interferometry for direct
 
electric-field reconstruction),
 
47-51,55,64
 
experimental setup, 65-66
 

Spin coating, 1020
 
Spin drying, 1070-1071, 1081-1086,
 

1103-1110,1120-1123
 
adsorption investigation,
 

1108-1110
 
film uniformity, 1085-1086
 
high rotation speeds, effect of,
 

1121-1122
 
non-volatile liquid model,
 

1082-1083
 
rotation speed effect on
 

evaporation, 1106-1108
 
spin-off vs. evaporation,
 

1103-1105,1120-1121
 
uniformity of evaporated film,
 

1105-1106
 
vertical Marangoni-based wafer
 

drying, 1086-1088
 
volatile liquid model, 1083-1085
 
wafer topography and surface
 

heterogeneity, 1122-1123
 
Spray processors, 875, 1020-1021
 
Sputtering, 665, 1021-1022
 
Stacking faults, of nanocrystals,
 

558-559
 
Standardization trends, in AMCs, 

445--447 
representation of cleanliness, 

445--447
 
Staphylococcus aureus, 1015, 1024
 
Staphylococcus epiderm idis, 1015,
 

1024
 

Stark shift, 77, 92
 
Static charge control, air ionization
 

for, 514-521
 
Static charge generation, 508-509
 

by induction, 509
 
Static charging, 936-937
 
Static discharge, in solvent-cleaning
 

process, 807-809
 
Static headspace method, 379
 
Staying tendency, 422
 
Sticking coefficient, 417-422
 
Sticking probability, 414-417
 
Stokes drag law, 196
 
Stokes flow equations, 214
 
Stokes law
 

non-Stokesian correction for fluid 
inertial effects, 192
 

non-Stokesian effects, 196
 
slip-corrected Stokes drag law,
 

193
 
Stokes number, 200-201, 245, see
 

also Critical Stokes number
 
Stokes-Einstein particle diffusion,
 

26,206,226
 
Stratosphere, ozone depletion
 

reactions in, 772-776
 
Streptococcus mutans, 1026
 
Strong field approximation (SFA),
 

77
 
Strong field regime, atoms and 

molecules in, 67-115, see also 
Atoms; Attosecond pulse; 
molecules 

Sub-lOO-fs pulses, 31-39
 
Sub-monolayer contamination,
 

403--407
 
Substrate adhesion, measuring
 

methods, 493--497
 
Substrate surface
 

absorption, 379-380
 
analysis, of AMCs, 345-352
 

quantitative analysis, 345-352,
 
see also individual entry 

removal from, 441--443
 
Sum-Frequency Generation from
 

Surfaces (SSFG), 27
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Super Light Weight Tank (SLWT),
 
597
 

Surface (instrumental) analysis, of
 
AMes, 350
 

Surface analysis methods for
 
contaminant identification,
 
585-646
 
Auger electron spectroscopy
 

(AES), 586-60 I, see also
 
separate entry
 

low-energy ion scattering (LEIS),
 
635-646, see also separate entry
 

time-of-flight secondary ion mass
 
spectrometry (TOF-SIMS),
 
622-635, see also separate entry
 

x-ray photoelectron spectroscopy
 
(XPS), 601-622, see also
 
separate entry
 

Surface cleaning by coating, 1048
 
Surface contaminants
 

characterization, AES for, 594--600
 
Surface deposition and cleaning
 

particle transport relevance in, 
267-293, see also Particle 
transport relevance 

Surface forces
 
measurement, 736-738
 
modification using surfactants,
 

739-744
 
surface force apparatus (SFA),
 

736-737
 
Surface metal calibration standards,
 

633
 
Surface modification, 1022
 

prior to impregnation
 
chemical or physico-chemical,
 

1033-1034
 
Surface particle removal, surfactants
 

for, 727-753, see also Surfactants
 
Surface probing, nonlinear optical
 

techniques for, 142-162
 
femtochemistry of surfaces
 

probed by pump-probe SSFG
 
and SSHG, 157-162
 

Surface second-harmonic generation
 
(SSHG), 142-162
 

INDEX 

autocorrelated SSHG technique,
 
153
 

femtochemistry of surfaces
 
probed by pump-probe SSHG,
 
157-162
 

limitation of, 145
 
local-field-induced enhancement
 

on metal surfaces, 150-151
 
on microscopic properties of thin
 

layer, 149
 
time-resolved SSHG, 158
 

Surface sum frequency generation
 
(SSFG), 142-162
 
femtochemistry of surfaces
 

probed by pump-probe SSFG,
 
157-162
 

femtosecond pump-probe SSFG,
 
158
 

limitation of, 145
 
time-resolved SSFG, 158
 

Surface tension gradient
 
(Marangoni) based drying, 1071
 
vertical Marangoni-based drying
 

of silicon wafers, 1072-1073
 
Surface tension, 729-730
 
Surfaces
 

classification, 699
 
high-energy surfaces, 699
 
low energy surfaces, 699
 

Surfactants
 
behavior in solution, 728-734
 
for surface particle removal,
 

727-753
 
adhesion, 738
 
enhanced-particle removal,
 

745-750
 
historical perspective, 728
 
industrial perspective, 727
 
interfacial forces, 734-753
 
mathematical modeling,
 

750-753
 
measurement, 744-745
 
particle removal forces, 739
 
post-cleaning surfactant
 

removal, 749
 
selection, 750
 

1
 

1
 

1
 

TI 
TI 
II
 

II
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utocorrelated SSHG technique,
 
153
 

emtochemistry of surfaces
 
probed by pump-probe SSHG,
 
157-162
 

imitation of, 145
 
ocal-field-induced enhancement
 

on metal surfaces, 150-151
 
m microscopic properties of thin
 

layer, 149
 
time-resolved SSHG, 158
 
rface sum frequency generation
 
(SSFG), 142-162
 
femtochemistry of surfaces
 

probed by pump-probe SSFG,
 
157-162
 

femtosecond pump-probe SSFG,
 
158
 

limitation of, 145
 
time-resolved SSFG, 158
 
irface tension gradient
 
(Marangoni) based drying, 1071
 
vertical Marangoni-based drying
 

of silicon wafers, 1072-1073
 
urface tension, 729-730
 
urfaces
 
classification, 699
 

high-energy surfaces, 699
 
low energy surfaces, 699
 

urfactants
 
behavior in solution, 728-734
 
for surface particle removal,
 

727-753
 
adhesion, 738
 
enhanced-particle removal,
 

745-750
 
historical perspective, 728
 
industrial perspective, 727
 
interfacial forces, 734-753
 
mathematical modeling,
 

750-753
 
measurement, 744-745
 
particle removal forces, 739
 
post-cleaning surfactant
 

removal, 749
 
selection, 750
 

INDEX 

surface forces measurement,
 
736-738
 

surface forces modification using,
 
739-744
 

Surgical grafts, 1050
 
Surgical Sutures, 1050
 
Synchrotron Orbital Ray (SOR),
 

350
 
Synchrotron radiation total
 

reflection X-ray fluorescence
 
(SRTXRF), 350
 

Tannor-Kosloff-Rice scheme, 121
 
Target contaminant, changes in,
 

332-333
 
Textile fibers, 1050
 
Textiles protection, coatings for,
 

1052
 
Thermal desorption spectrometry!
 

atmospheric pressure ionization
 
mass spectrometry (TDS-APl

MS),350
 

Thermal desorption test method,
 
379-380
 

Thermodynamic properties of
 
nanocrystals, 570~576
 

Thermophoresis, 954
 
for particle transport and
 

deposition
 
in parallel plate reactor,
 

238-239
 
in surface cleaning, 280-285
 
thermophoretic drift velocity
 

in aerosol particles transport
 
and deposition, 203-205
 

thermophoretic force
 
aerosol particles transport and
 

deposition and, 197-198
 
THG-FROG measurements, 61-64
 
Thin film removal, 939
 
Thin filmy wear particle generation
 

by repeated contacts, 307-309
 
Thin surface film contaminants
 

colorimetric interferometry for,
 
675-690, see also individual 
entry 

Time Resolved Photoelectron
 
Spectroscopy (TRPES), 115
 

Time-of-flight secondary ion mass
 
spectrometry (TOF-SIMS),
 
622-635
 
applications, 630-634
 
instrumentation, 628-629
 
principles of, 622-627
 
quest in, 626
 
recent developments and future
 

directions of, 634--635
 
Time-of-flight spectrometer (TOF),
 

90
 
Time-resolved photo-electron
 

spectroscopy (TRPES), 128-134,
 
137-142
 
drawback, 134
 
in nonadiabatic transitions, 134
 
of semiconductor crystals, 141
 

Titanium implants, 1050
 
Total refection X-ray fluorescence
 

(TRXRF), 350,667, 1098, 1107
 
metal surface concentration by,
 

1098-1100
 
sources of error, 1099-1100
 
technique, 1098-1099
 

Transfer
 
adhesive transfer
 

of atoms, 302-303
 
cleaning efficacy of
 

semiconductor wafer,
 
measurement, 668
 

system configuration, 669
 
Transition state
 

classical concept, 104
 
probing, 101-106
 

Triboelectric charging, 508
 
humidity and, 509
 
principle of, 508
 

Triboemission, 323-325
 
Tri bological implication of particles,
 

299-325
 
micro-site for wear particles, 299


302, see also Wear particles
 
Tribo-oxidation, 311-312, 1028
 
Tributyltin (TBT), 1045-1046
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Trichromatic colorimetry, 681
 
Triclosan, 1028
 

triclosan-releasing plastics, 1052
 
Trimethylsilane (TMS), 618
 
Tunnel ionization, 68
 
Twining structure, of nanocrystals,
 

558-559
 
Type-I phase-matching, 56
 
Type-II phase-matching, 56
 

Ultra low penetration air (ULPA),
 
330,514
 

Ultrafast crystallography, recent
 
results in, 137-142
 

Ultrafast pulses
 
molecular populations and
 

chemical reactions controlling
 
by, 120-128
 

Ultrafast science, 25-163, see also 
Very small particles
 

Ultrafine aerosol, 4
 
Ultra-high vacuum (UHVj
 

chamber, 611
 
Ultrahydrophobic coatings, 1026
 
Ultrashort pulses
 

early generations of, 27-31
 
generation, techniques for, 27-67
 

carrier-envelope-phase (CEP),
 
48-54
 

few-optical-cycle regime, 39--48
 
mode locking, 27-31
 
sub-IOO-fs pulses and chirped
 

pulse amplification, 31-39
 
measurements
 

techniques for. 54-67
 
Ultraviolet photoelectric emission,
 

661
 
United Nations Environment
 

Programme (UNEP), 763
 
UV photoelectron with catalyst
 

cleaning technology using, 441--442
 

Vacuum technologies, 1008
 
Vacuum ultraviolet radiation (VUV)
 

for chemical reactions controlling,
 
121
 

INDEX 

van der Waals forces, 270, 484, 735,
 
827, 876-878
 
Debye interactions, 484
 
Keesom interactions, 484
 
London or dispersion forces,
 

484
 
Vapor degreasing, 852, 854
 
Vapor phase decomposition (VPD),
 

350
 
Vaporization of contaminants, 

two-phase exponential model, 
411--414 

Very small particles, fundamental 
interactions of, 25-163
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'Vidrid' phenomenon, 398
 
Viscous ion drag force, in aerosol
 

particles transport and 
deposition, 221
 

Volatile liquid model, 1083-1085
 
Volatile organic compounds
 

(VOCs), 776-789
 
definition, 776-780
 

in European countries, 779
 
in U.S., 778
 

smog formation, reactions leading 
to, 782-785
 

smog formed from, 785-789
 
solvent characteristics,
 

795-796
 
VOC exempt
 

compounds exempt in U.S,
 
781-782
 

definition of. 780-782
 
status applied to chemicals,
 

783-785
 

Wafer drying, 1081-1091, see also 
Semiconductor wafer drying 



1163 INDEX 

der Waals forces, 270, 484, 735,
 
27, 876-878
 
)ebye interactions, 484
 
C-eesom interactions, 484
 
.ondon or dispersion forces,
 

484
 
por degreasing, 852, 854
 
por phase decomposition (VPD),
 

\50
 
porization of contaminants, 
.wo-phase exponential model, 
~11--414 

ry small particles, fundamental
 
interactions of, 25-163
 
.ry, very small aerosol, 4
 
:ry, very small particles
 
particle interactions, 15-18
 
physical nature of, 3-23,
 

see also Aerosol particle
 
sizes
 

ibrating air jet method,
 
909-913
 

/idrid' phenomenon, 398
 
iscous ion drag force, in aerosol
 
particles transport and
 
deposition, 221
 

'olatile liquid model, 1083-1085
 
'olatile organic compounds
 

(VOCs), 776-789
 
definition, 776-780
 

in European countries, 779
 
in U.S., 778
 

smog formation, reactions leading
 
to, 782-785
 

smog formed from, 785-789
 
solvent characteristics,
 

795-796
 
VOC exempt
 

compounds exempt in U.S,
 
781-782
 

definition of, 780-782
 
status applied to chemicals,
 

783-785
 

Wafer drying, 1081-1091, see also 
Semiconductor wafer drying 

INDEX 

setups for, 1094--1098
 
manual spinner, 1094-1095
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