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active polystyrene microspheres

187

air bubble 277–278

ALD, see atomic layer deposition

angular momentum 7, 17, 22

anomalous dispersion 149–151,

203, 228

anti-Stokes components 228, 230

anti-Stokes photon 215–216, 221

anti-Stokes wave 221–223, 227,

230

aptamer, fluorescent 125, 129

aptasensors 180–181, 184

artificial opals 41, 44, 67–70,

101–102, 104, 106, 108–112,

114, 116, 118, 120, 122, 124,

126, 128

atomic layer deposition (ALD)

122, 142

atomic layers 59–61, 85

back focal length (BFL) 288

ball lenses 287–289, 291, 293,

295, 297, 299

band structures 72, 76, 80–81

band structure theory 72, 84,

86–88, 92

beads 122, 299–300, 303, 311

reflective 299–300

Bessel functions 5, 14, 17, 250,

282

BFL, see back focal length

biomedical applications 193,

302–303, 305, 307

Bloch states 53, 71–72, 77–80,

86–89, 92

bovine serum albumin (BSA) 171,

179–181, 187

Bragg diffraction 47, 52–53, 55,

57, 59, 61, 63, 65–67, 69–70,

84–85, 92, 115

Bragg gratings 54–56, 58

Bragg reflection 73–75

Brillouin zone 73–75

spherical 74–75

BSA, see bovine serum albumin

cavity 2–4, 30–31, 165, 168, 203,

205, 211, 213, 217, 245, 261,

280

glass microspherical 203

cavity decay rate 211, 213,

281–282

cavity dispersion, geometrical

148–150

cladding modes 28

coated microspheres 140, 142,

147, 150–151, 153, 160

colloidal crystals 103, 109–111,

114, 116, 118–120, 122–126,

128–129

inverse 124–125, 129

colloidal systems 102, 128

colloids 102–103

spherical 103
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contrast factor 31–32

conversion factors 258–259

coupler 23, 26, 30–31

coupling coefficient 212, 221–222,

224, 281–282

coupling efficiency 26–28, 289

coupling system 26–28, 30, 174,

250, 254

crystal momentum 72, 78–79, 87

degenerate modes 19–20

dielectric functions 77, 82–83

dielectric lattices 65, 70, 77, 80,

84, 92

dielectric nanospheres 53, 65,

104–105, 107

dielectric spheres 5, 41, 51, 76–77

differential equations 183, 280

diffraction peak 113, 120–121,

123, 127

dipoles 50–51, 216–217, 219

local 50–51, 86

dispersion relation 72–73, 78–79,

88

drilling fluids 310

drug delivery 304–305

dynamical diffraction theory 53,

71–72, 84–86, 88, 92

EDFA, see erbium-doped fiber

amplifier

effective focal length (EFL) 288

EFL, see effective focal length

eigenfrequencies 17, 145,

147–148

eigenstates 78–79

electrical network analyzer 242,

245

electric field 13–14, 18–19, 29, 48,

50–52, 54, 56, 78, 141, 144–147,

151, 153, 160, 281, 284

external 51

electric field profiles 145–146,

151

electromagnetic fields 4, 8, 10–12,

26, 77, 79, 280–281, 288

emission 125–126, 129, 189, 206,

226, 273, 278, 285, 308

erbium-doped fiber amplifier

(EDFA) 227, 257

excitation system 31–32

factor value 31–32, 264

fcc lattice 66–67, 70–71, 73–76,

81, 112

fiber spool 240–241, 255

fiber taper 27, 191, 279, 287

field components 14–15, 219

films, thin 139–141, 167, 248

first Brillouin zone 73–75, 78, 87

fluorescent microspheres 188

available free-floating

functionalized 188

FM noises 258–259

four-wave mixing (FWM)

204–205, 211, 213, 221–223,

228, 230, 260, 265–266

free spectral range (FSR) 3, 22,

147–149, 211, 229, 231,

241–243, 261

frequency 48, 70–72, 87, 89,

91–92, 204–205, 208–209,

215–216, 239, 241–242,

249–251, 254, 257–259,

263–264, 284–285

higher 246–247

frequency comb generation 150

frequency gap 114, 129

frequency shift 159, 168, 231, 245,

247

frequency sidebands 219

FSR, see free spectral range

fuel cells 314–315

FWM, see four-wave mixing
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gap

fiber-microsphere 276,

285–286

small fiber-to-microsphere 285

GC, see glass-ceramic

geometry, elementary 57–58,

66–67

glass 44, 51, 140, 146, 152, 156,

175, 275, 278, 289–291, 293,

295, 298, 302–305, 307, 309,

314

borosilicate 313

chalcogenide 278, 282–283

glass beads 275, 287, 289, 291,

293, 295, 297, 299–304

glass-ceramic (GC) 305–306

glass microsphere resonator 1, 5,

33

glass nanospheres 42, 59–60,

68–70, 89, 92–93, 102, 293,

298, 319

glass spheres 67, 69–70, 103, 158,

237, 287, 299, 313

hollow 296

gold nanoparticles 109, 124, 129,

171

spherical 42, 109

granular material 303

gravity 142, 297, 299

group velocity 75, 83, 87

Hankel functions 11–12, 14, 207

heating zone 295, 297

heterostructures 116–118, 129

HGMs, see hollow glass

microspheres

HGS, see hollow glass spheres

hollow glass microspheres (HGMs)

301–303, 309–310, 312–319

hollow glass spheres (HGS) 296

hollow microspheres 297–298,

302–303, 306

produced 298

hot-wire chemical vapor

deposition (HWCVD) 141

Huygens’ principle 45, 48–49

HWCVD, see hot-wire chemical

vapor deposition

hydrogen storage 309, 314, 316

ICF, see inertial confinement fusion

incoming wave 48, 51–52, 58, 86

inertial confinement fusion (ICF)

312

interference 54–55, 115

constructive 47, 55–56, 59,

61–62, 66

inverse opals 70, 77, 81–82,

122–125, 127

inverse silica opal (ISO) 116, 123,

126–129

inverse structures 76, 81, 122,

124, 126–127, 129

iridescence 41–43

ISO, see inverse silica opal

Kerr effect 159–160, 229

laser 92, 152, 191–192, 204, 211,

227, 240–244, 248–250,

252–254, 256–259, 262,

275–276, 278–279, 283,

298–299

microsphere-based 152

sapphire 277–278, 290

laser amplitude 243, 258–259

laser emission 154, 275

laser field 219

laser frequency 172, 239,

241–242, 244–245, 247, 249

laser fusion targets 319

laser sources, tunable 246, 248,

252

lasing spectrum 153–154
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lattices 60–63, 66, 68, 77–78

diamond 77, 81–84

reciprocal 61–62, 72

lattice vectors, direct 63, 78, 81

LF, see low-frequency

light 3–4, 21–23, 28, 41–42, 45,

50–51, 53–54, 59–60, 65–67,

89, 142–143, 165–168, 191,

276–277, 299–300

coherent 54–55

propagation of 1, 4–7, 33

visible 65–66, 204

light coupling 1, 5, 26–27, 29, 33

light radiation 30–31

light scattering 43–44, 46, 51, 65

linear dispersion 229, 231

LLH, see localized laser heating

local field 49–51

localized laser heating (LLH) 277,

290–293

localized surface plasmon

resonance (LSPR) 126–127,

129

losses 3, 23–24, 32, 91, 168, 172,

211, 238, 259–260, 265, 274

small internal microsphere 280

ultralow 238, 265

low-frequency (LF) 251, 258

low-pressure chemical vapor

deposition (LPCVD) 142

LPCVD, see low-pressure chemical

vapor deposition

LSPR, see localized surface

plasmon resonance

magnetic fields 14, 16, 48, 78–79,

84, 144, 147

material density 155

material dispersion 148–149, 151,

274

Maxwell’s equations 1, 5, 33,

76–78, 84

MBG, see mesoporous bioactive

glass

MDCS, see metallo-dielectric

colloidal structures

MDRs, see morphology-dependent

resonances

meniscus 69, 110–111

mesoporous bioactive glass (MBG)

306

mesoporous silica nanoparticles

(MSN) 306

metallo-dielectric colloidal

structures (MDCS) 124,

126–128

metamaterials 87, 309–310

methods, frequency domain 71,

76–77

microballoons 312–313, 316–317

microcavities, spherical 3–4, 22,

26, 30–32

microresonators 5, 24, 28, 31, 139,

141, 148, 151, 156–157, 248,

265, 291, 296

microspheres 12–18, 24–25,

29–31, 139–146, 150–152,

159–160, 186–189, 191–192,

210, 224–230, 276–282,

284–287, 291–293, 295,

300–301, 308–312

active 186–187, 189, 194

amplifier/laser 287

average 182, 184

ceramic 309

demands 141

dielectric 3, 12, 309

dot-embedded 187

dye-doped 190

dye-doped polystyrene 189

fiber-coupled rare earth-doped

276

fluorescent labeled 188

gel 314

high-Q-factor 156, 158

mock 193

polymer 187

polymer-coated 159

polymeric 319
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rare earth-doped 276, 278–279,

285, 295

size 209

solid 309

surface 177, 278

terrace-shaped 142

top-coated 142

transparent 311–312

uncoated 149–150

undoped 280, 285–286

microsphere WGMs 26, 278, 281,

285

microwave 76, 237, 239–240,

243–245, 264–267

microwave frequency 244, 256,

259, 264, 266

microwave oscillators 256, 258,

318

microwave signal 238–240, 264,

266

mode numbers 8–9, 17–19,

23–25, 211–212

mode splitting 172, 254

mode volume 172, 245–246,

265

modulation 2, 219, 239, 241,

243, 245, 249

frequency of 249, 251

monodisperse dielectric

nanospheres 102, 104

morphology-dependent

resonances (MDRs) 3, 5

MSN, see mesoporous silica

nanoparticles

nanoparticles 105–106, 109,

111–114, 116, 118, 171, 193,

298, 304, 307

spherical 109, 126

nanospheres 41–42, 44, 64–66,

89, 101–102, 273–276, 278,

280, 282, 284, 286, 288–290,

298, 304–306, 318–319

polymeric 126, 129

Neumann functions 144

noise 256, 259–260

nonlinear materials 2, 204, 265,

267

nonlinear optics 139, 204

normal dispersion 149, 151, 228,

232

oligonucleotides 181, 187

one-photon fluorescence (OPF)

190–192

opal films 115–117

opals 53, 65, 67, 69, 77, 81–82,

102–104, 111–116, 129

glass nanospheres and artificial

101–102, 104, 106, 108, 110,

112, 114, 116, 118, 120, 122,

124, 126, 128

infiltrated 118–119, 121, 129

inverse silica 116, 123,

126–127, 129

natural 43, 67, 69

opal structure 81, 91, 112–116,

118, 122

OPF, see one-photon fluorescence

optical Bloch states 53, 71–72, 86

optical fiber 27–28, 143, 238, 256,

282, 295

optical locking 253–254

optical modes 139, 168, 276, 278,

280, 282, 285

optical power 30, 245, 248, 256,

258, 280, 285

optical properties 44, 53, 67, 70,

102–103, 116–119, 122, 128,

167, 287

optical resonances 239, 241, 243

use of 238, 241

optical spectrum analyzer (OSA)

191–192, 228

optics 45, 102, 124, 238–240, 244,

260, 273

geometrical 1, 4–6, 33, 46, 168

OSA, see optical spectrum analyzer
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oscillator

harmonic 216, 218

local 249–250

particle swarm optimization (PSO)

286–287

PCR, see polymerase chain reaction

PECVD, see plasma-enhanced

chemical vapor deposition

perturbations, external 249,

252–253

phase difference 55, 57–58

phase matching 26, 205, 208, 223,

227, 232

phase modulator 249–250

phase noise 257–260, 263, 265

photonic applications 110, 139

photonic bandgap 70–72, 75–76,

89, 91–92, 103, 116, 125–126

appearance of 41, 44, 71

complete 44, 75–76, 81, 84–85

photonic band structures 41, 44,

53, 71–73, 76, 79, 81–83

photonic crystals 41–42, 44, 46,

48, 50, 52–54, 56, 58–62,

64–66, 68, 70–93, 103, 120,

123–125

photonic interconnects 91

photonic micropolis 43–44

photonic nanostructures 41, 44,

65

photonics 2–4, 26, 41, 45, 92, 101,

273–74

nanosphere 42

photonic structures 42, 66, 77

physical vapor deposition (PVD)

141

plane waves 6, 48, 54–56, 78–79,

86

plasma-enhanced chemical vapor

deposition (PECVD) 141,

158

PMG, see pseudomorphic glass

polarizability 60, 172, 218

polarization 22, 52, 54, 88, 206,

219–220

polymerase chain reaction (PCR)

193–194

polystyrene 104, 106, 116–117,

157

polystyrene NPs 105, 111, 113

porous-wall hollow glass

microspheres (PWHGMs)

316–317

propagation constant 10, 26–27,

30, 32–33, 221, 276, 279,

285

pseudomorphic glass (PMG) 311

PSO, see particle swarm

optimization

pump frequency 209, 211, 232,

265

pump laser 191, 222, 226–228

pump photon 215–216, 221

pump power 159, 211, 224–225,

265, 277–278

pump wavelength 225–226, 229,

276, 285–286

PVD, see physical vapor deposition

PWHGMs, see porous-wall hollow

glass microspheres

Q-dot microsphere 187

quality factor 3, 23–26, 30-31,

142, 168–169, 191, 247–248,

251

Raman scattering 215–216, 218

Raman susceptibility 219–220,

223

Rayleigh scattering 51

rays 7, 42, 45, 66, 168

optical 6–7, 17

reciprocal lattice vectors 62–63,

67–68, 73, 75, 79, 86, 88
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refractive index (RI) 2–3, 5–6,

32–33, 81, 119, 140–141, 143,

147, 149–151, 155–157,

167–169, 245–246, 282, 299,

301

resonance frequency 15, 172, 183,

216–218, 256

resonances 3, 5, 7, 17, 24, 31, 155,

160, 168–169, 179–180, 191,

205, 209, 216, 227, 232,

240–242, 244–249, 252–253

resonant frequency 171, 181, 205,

229, 241, 244, 247, 266

resonant wavelength 9, 167–169

resonator modes 211, 242, 257,

265

resonators 23, 26, 28, 147–148,

166, 168–169, 171, 173, 187,

189, 228–229, 238, 241,

243–244, 248–249, 256–266

fiber loop 242

microspherical silica 171

rare earth-doped

microspherical 278

spherical 4, 142, 252

RI, see refractive index

scattered light 192

scattered waves 48–52

scattering angle 52, 57–61, 85

scattering object 46–47

scattering theory 48, 57

SDS, see sodium docecyl sulfate

sensing applications 16, 151, 160,

167

sensorgram 182–183, 185–186

sensors 42, 104, 124, 166, 169,

179, 194, 266

aptamer-based microsphere

181

passive microsphere 194

sidebands 211–213, 251

signal 59, 127, 203, 210, 212,

237–238, 240, 243, 250, 252,

264, 273, 275–276, 280,

284–286

beat 265

error 249–251, 253

signal wavelength 158, 276,

285–286

silica 104, 108, 116–117,

145–149, 152, 156–158, 215,

217, 223, 231, 245, 252, 260,

295, 300

fused 228, 245–246, 249, 311

silica materials 246, 260

silica microspheres 22, 24, 28,

31–32, 149–151, 154,

157–159, 204, 213, 216,

227–229, 232, 245–248,

251–252, 254–255

doped 154, 277

pure fused 24

silica spheres 43, 91, 103, 114,

150, 241

simulations 73, 76, 80–81, 285

single microspheres 290, 295

sodium docecyl sulfate (SDS) 105

spectral range, free 3, 22, 147,

211, 229, 231, 241

spheres 16–18, 20–22, 31–33,

45–46, 51, 65–66, 80–81, 106,

110–112, 140–142, 144–147,

149–154, 158–160, 168–169,

206–207

coated 147, 150

diameter 67, 140, 150, 277

latex 104–105

radius 83, 147, 207, 210

silicon 81–82

uncoated 144, 146–147,

151–152

spherical Bessel function 144, 207

spherical voids 81, 83

SPR, see surface plasmon

resonance
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SRS, see stimulated Raman

scattering

stimulated Raman scattering

(SRS) 205–206, 215, 217,

219, 221–223, 225, 227–230,

232, 260, 266

Stöber method 106, 109, 296,

298

Stokes waves 216–217, 222, 227,

230

superposition 10, 54–56, 86,

117

surface density, maximum

thrombin 181–182

surface microsphere 192

surface plasmon resonance

(SPR) 167, 194

localized 126–127, 129

surface tension 260, 290–291,

295–296

tapered fiber 28–29, 31–33, 152,

173, 227, 262, 276, 279–280,

282

TDL, see tunable diode laser

tetraammine palladium nitrate

(TPN) 316–317

thermal effects 154–155, 157,

159, 245, 247–249

thermal expansion 155–156,

170

thermal stability 238, 302, 306

thermo-optic coefficient (TOC)

154–158

THG, see third harmonic

generation

third harmonic generation

(THG) 204–206, 209,

225–226, 231

threshold power 224, 248

thrombin 180–182, 187

TIRs, see total internal reflections

TM, see transverse magnetic

TOC, see thermo-optic coefficient

total internal reflections (TIRs) 3,

6–7, 261, 276

total reflection 44, 60, 70–71, 75,

85, 92

TPN, see tetraammine palladium

nitrate

transfer function 30, 244, 250

transverse magnetic (TM) 10, 13,

147–149, 279

tunable diode laser (TDL) 191,

227

unit cell 62, 72, 75–76, 81, 112

vascular endothelial growth factor

(VEGF) 180–181

vector potentials 10–13

electric 10–11, 14

VEGF, see vascular endothelial

growth factor

Voronoi cell 72–73

wavefield 53, 71, 86, 88

wavefront 46, 48–49

incoming 45, 47

waveguides, photonic 91

wavelengths 7, 18–20, 57, 59–61,

70, 114–115, 117, 147–150,

167–168, 170, 174, 183, 229,

277–278, 283

center 192

position 114, 121, 123

wavelets 45, 55–57, 59, 62

scattered 47, 50–51, 57

waves 31, 47, 54–57, 61, 86, 88,

204, 207, 217, 223, 225, 238

microwaves and millimeter

237–238, 240, 242, 244, 246,

248, 250, 252, 254, 256, 258,

260, 262, 264, 266
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refracted 86–88

standing 7, 71, 207, 225, 232

wavevector 17, 48, 87, 113

weight reduction 302–303, 318

WGMRs, see whispering-gallery-

mode resonators

WGMR surface 169, 171–172, 181

WGMs, see whispering-gallery

modes

WGM silica microspheres 224

whispering-gallery-mode

resonators (WGMRs) 168,

172–173, 180, 183, 185–186,

190–191, 194, 203–205, 207,

209, 227, 232, 260–262, 274

whispering-gallery modes (WGMs)

3, 5–9, 17, 21–23, 25–29, 31,

139–147, 151–154, 156,

158–160, 187–188, 251, 253,

276–278, 281–282
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