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broadband, 139, 232
Bruggeman formalism, 17, 33, 114, 122, 234,

236, 238
bundling, 10, 32, 36, 70, 85, 87, 94, 117

C
calcite, 106, 124, 150, 245
calcium fluoride, 3, 12
capacitance, 17
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circular dichroism, 115, 116, 205, 212, 214
circular polarization, 18, 21, 188

filter, see filter, circular polarization
left (LCP), 18, 19, 174
right (RCP), 18, 19, 174

cluster, 2, 4, 7, 9, 10, 14, 32, 33, 37, 38, 41,
42, 45, 77, 83, 85, 97, 111

cluster of clusters, 40, 45
clustering, 31, 32, 35, 37, 40–42, 74, 76, 80,

83, 86, 95
elimination of, 87
nanoscale, 31, 37, 40, 47

coating, 39
amorphous, 59
antireflection, 28, 147
architectural glass, 37
decorative, 37, 63
electrical, 36
functional, 37
hard, 37, 39, 63
magnetic, 36
nanocomposite, 59
optical, 6, 28, 32, 36, 37, 39, 62

co-evaporation, 166
collimation, 51, 52, 54, 55, 57, 60, 62, 63, 65,

66
electrostatic, 60

collimator
electrostatic, 53, 55, 62
physical, 53, 55, 66

collodion, 34
column inclination angle, 6, 7, 11, 31, 38, 50,

77, 109, 117, 148, 175, 225
local, 164, 165, 170, 248

column vector, 10, 16, 127, 154, 177, 259
columnar anisotropy, 10, 85, 87
columnar expansion, 4, 6, 8, 13, 30, 41, 51,

56, 58, 59, 76, 84, 86–89
columnar growth, 7, 31, 35, 50, 51, 84, 117
columnar thin film (CTF), 4–7, 9, 10, 35, 37,

38, 48, 50, 68–70, 76, 84, 109,
110, 157, 176, 180

AFM micrograph of, 71, 72, 94
as a filter, 146
as a wave plate, 20, 144
bilayer, 146
deposition of, 4, 6, 7, 50
mass density of, 70
multilayered, 145

Downloaded From: http://ebooks.spiedigitallibrary.org/ on 09/25/2013 Terms of Use: http://spiedl.org/terms



Index 291

relative permittivity dyadic of, 11, 117,
125

remittances of, 140, 141, 143, 144
SEM micrograph of, 81, 85, 125, 152
stresses in, 71
waves in, 16

columns
competition between, 4, 7, 10, 30, 31,

40, 50, 58, 76, 83, 86
elimination of, 6, 29
formation of, 38, 83

complex conjugate, 217
composite material, 33, 111

homogenization of, 111
STF–LC, 21
STF–nanotube, 21

conscious engineering, 74, 86
constitutive dyadic, 15, 107, 108, 111

effective, 112
noncausal, 107
reference, 15, 109, 233

constitutive matrix, 113, 118
constitutive relations, 10, 100, 105, 125, 153,

175, 245
dielectric, 105, 106
free-space, 105
linear, 14, 107
STF, 14, 109

continuity equation, macroscopic, 102
reduced, 102

continuum, 2, 4, 10, 78, 108
bianisotropic, 15
nonhomogeneous, 14, 17, 112, 122

copper, 3, 83, 84
Coulomb, C.A., 100
coupled-wave methods, 16, 160, 161, 184,

199, 211, 246
crystal, 144

negative, 150
positive, 150

crystal classes, 124
crystallinity, 3, 34, 35, 60
crystallization, low-temperature, 58
CTF, see columnar thin film
curl, 260
current density

macroscopic, 102
microscopic, 101
source, 102, 155, 178, 252, 253, 255,

256

D
decomposition, plasma-activated, 64
Demchishin, A.V., 29, 30, 38, 40
density anisotropy, see anisotropy, density
density deficit, 39, 70, 94
depolarization dyadic, 119
depolarization matrix, 114, 118

deposition, 84, 86
at equilibrium, 35
at glancing angle, 13
normal, 86, 89, 93, 94
oblique, 6, 7, 9, 31–33, 35, 36, 84, 86,

89, 94
deposition factors, 51, 86, 97
deposition method, best, 66
deposition methods, 51, 56

plasma-based, 37–39
deposition rate, 38, 58, 59, 62, 63, 66, 73, 87,

170
net, 65

determinant, 260
dichroism

apparent, 212
circular, see circular dichroism
linear, see linear dichroism
true, 212

diffusion, 29, 54–56, 80
chemical, 40

digital optics, 21
diode, light-emitting, 249
dipole, 252
Dirks, A.G., 38
dislocation, 68
dispersion, 18, 19, 24, 105, 139, 147, 169,

208, 242, 257
absence of, 105, 199, 233

displays, 17, 21
dissipation, 105, 134, 139, 145, 147, 169,

190, 202, 208, 217, 219, 244, 257
absence of, 105, 107, 199, 233
anisotropic, 203

divergence, 260
DNA, 252
Drude model, 208
Drude, P., 33
drug delivery, 115
dyad, 259, 260
dyadic, 10, 259, 260

antisymmetric, 260
constitutive, see constitutive dyadic
identity, 15, 259, 260
inverse of, 260
null, 15, 259, 260
rotation, 14, 15
trace of, 107, 260

E
economic feasibility, 55, 59
eigenvalue, 129, 184, 216
eigenvector, 129, 216
Einstein, A., 103
elastodynamics, 24
electric field, 61, 103, 252
electro-optic material, 245

Downloaded From: http://ebooks.spiedigitallibrary.org/ on 09/25/2013 Terms of Use: http://spiedl.org/terms



292 Index

electrochromic film, 23
electroluminescence, 23
electromagnetic field, 103
electron confinement, 23
electron diffraction, 34
electron microscope, 34, 112

scanning, 30, 34, 40, 42, 77, 87, 94
transmission (TEM), 28, 40, 42, 74

underfocused, 77
electron microscopy, replica, 34
electron penetration depth, 34
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Gauss, K.F., 100
Gaussian distribution, 79
genome, 252
geometric shadowing, 86, 96

anisotropy of, 86
germanium, 3

amorphous, 9, 44, 47, 69, 70, 75, 81,
124, 125, 152

crystalline, 69
Ghatak, A., 144
Gibbs, J.W., 259
glancing angle, 9, 50
glow discharge, 58, 62, 64
grain boundary, 68
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primitive field, 100
propagation

axial, 16, 160, 176–178, 180, 199, 216
nonaxial, 16, 176, 182

PSD, see power spectral density
pseudoisotropic point, 225, 226, 256
pseudoisotropy, 148, 150, 225, 240
pulse bleeding, 21, 222, 225
pulse shaping, 21
pulsed laser deposition, 56, 63
PVD, see physical vapor deposition
pyrolytic graphite, see graphite, pyrolytic

Q
quantum mechanics, 101, 208
quartz, 150, 245
quasistatic, 17, 23, 252

R
rare earth, 252
ray, extraordinary, 124
ray, ordinary, 124
Rayleigh–Wood anomaly, 20
RCP, see circular polarization, right
reactive evaporation, see evaporation, reactive
reactive gas, 60
reactive sputtering, see sputtering, reactive
reactor, biological, 252
reactor, chemical, 252
reciprocity, 107
redeposition, 80, 82, 84
redshift, 21, 146, 248, 249, 257
reduced temperature, 9, 38, 69, 86, 95
reference plane, 109, 113, 126
reflectance, 19, 35, 134, 190, 197, 220, 221
reflection, 132, 135, 141, 157, 161, 187, 191,

205
coefficient, 134, 135, 189, 191
selective, 199, 202

refractive index
complex, 105
extraordinary, 132, 140, 150
ordinary, 131, 160

relaxation frequency, 208
remittance, 24, 134, 136, 140–142, 144, 161,

163, 169, 191, 193, 194, 196, 198,
200–203, 205–207, 210, 211, 234,
257

replamineform, 257
replica electron microscopy, 34
resistor, 37
resonance frequency, 208
resputtering, 65, 66, 80, 82, 84, 86, 89
resputtering flux, 65
Rossnagel, S.M., 80, 84
rotation dyadic, 15, 108, 112, 117, 175

elementary, 15, 108
Roy, R.A., 83

S
SAES, see small-angle electron scattering
Scott, G.D., 35
sculptured nematic thin film (SNTF), 13, 31,

117, 152
as a filter, 166
C-shaped, 117, 118, 160, 166
canonical, 152, 170
noncanonical, 170
optics of, 151
relative permittivity dyadic of, 117, 153
remittances of, 164, 165
S-shaped, 118
SEM micrograph of, 89, 110, 152
single-section, 16

sculptured thin film (STF), 12, 37
as biosubstrate, 23
bianisotropic, 25, 115
canonical, 13, 92, 152
constitutive relations, 108
deposition factors for, 51
deposition of, 51, 52, 54, 55, 57, 62, 63,

65, 86
dielectric, 15, 116
emergence of concept of, 12
helicoidal, 110
infiltration by chiral fluid, 115
infiltration by ferrofluid, 252
infiltration by liquid crystal, 252, 257
infiltration by nanotubes, 21
infiltration by polymer, 24, 257
inflitration of, 248
manufacture of, 25
mechanical loading of, 24
multisection, 15, 20, 111, 145, 235, 236
negative, 257
polymeric, 25, 257, 258
positive, 257
SEM micrograph of, 3, 89, 92, 93, 97
single-section, 14, 15, 108, 109, 111
waves in, 15
weakly anisotropic, 16

second-harmonic generation, 24
self-shadowing, 7, 9–11, 29, 32–37, 41, 70,

71, 82, 93
anisotropic, 87, 89, 94, 95
atomic-level, 31, 35, 37, 38, 74, 76, 81,

85, 86, 89
dynamic, 90, 93
isotropic, 87, 88
static, 90

self-shadowing distance, 96
SEM, see electron microscope, scanning
semiconductor, 3, 31
semiconductor technology, 37
semiconductor thin film, 37
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Sennett, R.S., 35
sensor, 17, 226, 247

bioluminescence, 22, 252
electric-field, 252
fluid, 21, 251

optical, 4, 248–251
genomic, 252
humidity, 17, 251
magnetic-field, 252
pressure, 251
temperature, 251

serial bideposition, 11, 89, 215, 235
shape dyadic, 113, 114
shock-tracking algorithm, 80
sieve, 23
Silcox, J., 77
silica, nanoporous, 23
silicon, 3, 70
silicon, amorphous, 4–6, 9, 43, 44
silicon carbide, 9, 46, 80
silicon dioxide, 3, 23
silicon oxide, 3, 22, 71, 73, 88, 92, 93, 95–97,

110, 174
silver, 77
small-angle electron scattering (SAES), 77
Smith, D.O., 36
Snel, W., 126
SNTF, see sculptured nematic thin film
solar cell, 4
solid solution, 58
source density, 100

charge, 102
current, 102, 155, 178, 252, 253, 255,

256
source, finite-sized, 204
spacetime, 103
spatial frequency, 78
spectral hole

reflection, 20
transmission, 20

spluttering, 28
sputtering, 5–7, 9, 14, 28, 30, 32, 38, 39, 50,

54, 56–59, 63, 66, 93
advantages of, 59
collimated, 55
definition of, 58
diode, 57
direct-current, 37, 39, 57, 62

magnetron, 57, 62
disadvantages of, 59
dual ion-beam, 57, 64
enhanced magnetron, 57, 60, 61, 66
glow-discharge, 64, 65
ion-beam, 57, 64
local, 58
low-energy, 51

magnetron, 39, 54, 57, 60, 61, 82
unbalanced, 57, 61

momentum-transfer in, 59
radio-frequency, 37, 41–43, 46, 47, 57,

75
reactive, 59, 88
triode, 57, 60

sputtering energy, 58
sputtering gas pressure, 31, 39, 41, 46, 47, 69,

77
sputtering plasma pressure, 39
sputtering target, 55, 58, 60, 63, 66
sputtering threshold, 46, 56, 83
sputtering yield, 83, 84
stability

environmental, 24, 40
mechanical, 24
morphological, 24

STF, see sculptured thin film
STF–LC composite, 21
STF–nanotube composite, 21
sticking coefficient, 7
Stoney, G.J., 101
stopband, 171, 232, 236, 239
stress, 33, 36, 58, 71

compressive, 40
internal, 24, 71, 72
tensile, 39, 70, 71

structural handedness, 18, 20, 22, 88, 119,
174, 222

parameter, 117, 175
structural period, 118, 119, 166, 174, 175
structure zone model (SZM), 8, 9, 29–31, 38,

39, 41, 68, 82, 83, 86
evolutionary, 31, 40, 41, 45, 48

quantitative, 74
nature of, 69

structure zones, 29
structure–property relationships, 17, 68, 76,

93, 112
nominal model for, 17, 112

substrate
diameter, 53, 55
large-area, 93
nonplanar, 90
patterning of, 22, 23, 80
polymeric, 23
topographic, 92, 93, 96, 97

substrate rotation, 12–14, 23, 24, 50, 55, 71–
73, 88, 111, 152, 170, 174, 225

substrate temperature, 29, 37, 50, 69, 86
substrate tilt, 52–55, 66
substrates, cascaded, 53, 55, 61, 66
superconductor, 63
superhelix, 2, 3, 13
surface roughness, 34, 65, 72, 74, 76–78, 80,

96
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surface tension, 81
Suzuki, M., 20
switch, 4, 226
SZM, see structure zone model

T
Taga, Y., 12, 20, 32, 145
tangent, 108
tangent rule, 32, 38, 50
tantalum oxide, 3, 11, 24, 148, 150, 225, 226
Taylor series, 156
teflon, 3
TEM, see electron microscope, transmission
tensor, 259
TFHBM, see thin-film helicoidal bianiso-

tropic medium
thermal barrier, 23
thermal evaporation, see evaporation, thermal
thin film

chiral, see chiral STF
columnar, see columnar thin film
dense, 6
magnetic, 10, 34, 85
sculptured, see sculptured thin film
sculptured nematic, see sculptured ne-

matic thin film
thin-film helicoidal bianisotropic medium

(TFHBM), 13, 175
Thomson, J.J., 101
Thornton, J.A., 9, 30, 39, 40
time domain, 21
titanium, 3, 54
titanium oxide, 3, 11, 18, 148, 150, 215, 225–

227, 233, 234, 240, 241, 243
trace, 107, 260
transfer matrix, 128, 155, 157, 179, 180, 184,

185, 202, 233, 235, 238, 240, 246
transmission, 12, 132, 135, 141, 146, 157,

161, 187, 191, 205
coefficient, 134, 135, 189, 191

transmittance, 18, 35, 134, 143, 147, 164,
165, 190, 240, 243, 247

transpose, 15, 107, 259
transverse architectures, 22, 92, 93
transverse homogeneity, 4, 15, 23

piecewise, 22, 93
trona, 125
tunability, 17, 200, 232, 257

piezoelectric, 17, 257
quasielectrostatic, 257

tungsten, 3
tungsten oxide, 9, 75, 82

U
ulexite, 124–126
ultrashort pulse, 21, 222
ultrasonics, 24
ultraviolet, 107

uniaxiality, 11, 108
local, 117

unit vector
binormal, 109
normal, 109
tangent, 109

universal maximum speed, 102

V
vacuum, classical, see free space
vacuum coating technology, history of, 2
van Kranenburg, H., 10, 85
vapor flux, 2, 6, 10, 11, 25, 50, 51, 54–58, 60,

63, 65, 66, 69, 71, 85–87, 89, 93,
94, 170, 174

blockage of, 54
collimated, 51, 52, 54–56, 59, 60, 66
decrease of, 55
directional, 51, 56
distribution of, 51, 52
scattering of, 54
sputtered, 58

vapor flux density, 71
vapor flux energy, 57, 87
vapor incidence angle, 6, 7, 11, 24, 31, 50, 70,

71, 81, 86, 88, 95, 96, 111, 148,
170, 225, 226

average, 51–53
distribution of, 51–53
extent of, 51
variation of, 70

vapor incidence plane, 10, 50, 70, 85, 89, 94,
131, 152

vapor source, 50–52, 55, 58, 62, 66
distributed, 52, 53, 59
planar, 52, 53, 55, 59
point, 51–54, 58, 66

vibration ellipse, 145, 219
virus traps, 23
void, 12, 17, 30, 31, 38, 41, 58, 68, 70, 80,

112, 113, 247
volume fraction, 112, 122

void network, 4, 7, 30, 31, 38–42, 68, 74, 76,
87, 94

absence of, 70
honeycomblike, 7, 30, 38, 77

void-network surfaces, 76, 93
Voigt wave, 217, 253

W
Wade, R.H., 77
water, adsorption of, 40
wave plate, 12, 124

half, 20, 145, 238
quarter, 144

wavenumber
free-space, 126
transverse, 15, 126, 133, 153, 176, 188
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Wiener formalism, 33
Wolf, E., 144
Wright, A.W., 32
Wu, Q.–h., 11, 145, 147

Y
Yehoda, J.E., 77
Young, N.O., 12, 174, 215

Z
zirconium oxide, 3, 11, 148, 150, 225, 226
Zone 1, see morphology, Zone 1
Zone 2, see morphology, Zone 2
Zone 3, see morphology, Zone 3
Zone M, see morphology, Zone M
Zone T, see morphology, Zone T
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