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ABC see absorbing boundary
conditions
absorbing boundary conditions
(ABC) 41,57,79
absorption 79,98,100,119, 137,
142,143,150, 152,173,192,
235, 281, 304, 368, 386
band-to-band 304
parasitic 214,238
three-photon 459, 471
two-photon 386, 459
active layers 86-88,97, 100, 142,
152,161, 226, 230, 233, 238,
271,278, 280, 282, 287
active region 84, 86,91, 122,158,
159,163, 197, 220, 225, 228,
233,296, 357,486-489, 491,
492
AFM see atomic force microscopy
air holes 43, 44,53-58,73, 214,
220
air opening 260-262
approaches 162, 166,170,171,
180, 185, 187, 188, 211, 213,
234-237,327,330, 393, 442,
443,461, 463
approximate analytical 422
chemical lift-off 364
combinatorial 289
cost-effective 237,316
dry-etching 188
finite-element 393
geometric 132,133,138, 139
growth interruption 164, 179
heterogeneous 349
monolithic 372
optical modal volume 474
semi-analytical 392,393, 396,
425

technological 160
transfer-matrix 396
two-temperature 178
arrays 98,170, 186,197, 212, 321,
329,338, 344, 432
air hole 56
aperiodic 368
closed-packed 317
close-packed 269
hemi-ellipsoid 320
multi-coupled ring 342
nanobelt 364
nanopillar 322,347
non-closed packed sphere 338
ordered hexagonal 317
square lattice 65
atomic force microscopy (AFM)
147,164, 220, 308, 338
azimuthal dependence 393, 394
azimuthal direction 138, 139
azimuthal mode orders 47, 49, 50
azimuthal number 137,141, 150,
387,391, 396,402, 422, 427,
430

band gap 57,58,109,175, 181,
182, 354, 355,372, 443
bands 54-56,58, 61, 354-356,
358,452,487,490
conduction 60, 61, 68, 69
stop 88,89
valence 60, 61, 68, 69
boundary conditions 46, 135, 138,
139,482
absorbing 41, 79
open 43
periodic 64, 66
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carriers 68, 146,157,193, 244,
296, 297, 355, 489
charge 51,59-61
photo-generated 182, 355
cavity 56,57,70-72,87-89,91,
100, 136-138, 189, 294, 295,
339-341, 384-388, 397, 398,
441-443, 465, 466, 480-484,
489, 490
circular 79, 147,316,327,334
cold 141
dielectric-type 87
free-standing 137
gallery 421
heater’s 406,407
hybrid 88,91
microheater’s 407
nanopillar 480
pillar 332,334
plasmonic 442
polygonal 455
quasi-WGM 455
random 442,443
resonance 294, 295
sphere-patterned 317,329, 344
strip-line 382
symmetric 384
traveling-wave 473
vertical 93
cavity effects 447
cavity layer 187,188
cavity length 84,91, 104, 158,
186,188, 201, 354
cavity mode 53,70,71,97,
99-101, 151, 340, 386, 459
cavity quality factor 86,93, 104,
492
cavity quantum electrodynamics
131, 441
cavity resonance 382,421, 465,
478, 480, 482
cavity structure 188-190, 199
CCD see charge-coupled device
CFS see complex frequency shifted

charge-coupled device (CCD) 103,
149,227,251, 445
chemical etching 180, 185, 368,
375
circuits 373,379
integrated 116,372
logic 353
power conversion 373
silicon-based VLSI 350
circular gratings 248, 250, 251,
255,265, 267,268, 289
CMT see coupled mode theory
complex frequency shifted (CFS)
42
conditions 31, 70,77,164,183,
327,397,398, 415
ambient 318,424, 446
continuous-wave 122
diffusion 276
forward-bias 217
high temperature 97
lossless 398
low RF power 338
momentum matching 294
non-interruption 164
phase-matching 420
refraction 70
resonance phase 101, 190
reverse-bias 217
wavefront-matching 457
confined modes 49,53, 139,
140, 149, 151, 248, 264,
269,272,273
confinement 43, 54, 56,132, 460,
483
gentle 70,72,82
in-plane 47
insufficient 355
slab plane 44
surface plasmonic 476
coupled mode theory (CMT) 384,
398
coupling 225, 293-296, 298-300,
302, 304, 306, 308, 310, 312,



384, 386,396-399, 401, 403,
408
coherent 298
contra-directional 342
critical 398,401, 403,410, 414
intracavity 337
light-matter 141
light-mediated 75
optical 342,344
optical-mechanical 382
parasitic 408
radiative 65, 66
unidirectional 396
vacuum 431
coupling coefficient 136,142,
397-399, 435
coupling constant 69, 460
coupling regimes 27, 28, 70, 206,
401, 459-461, 466
crack generation 166,167,169,
172,205
cracks 88,89,163,166-170,172,
179,201, 276,352, 353, 364,
369-371
bowing-induced 352
stress-induced 371
current density 28-30, 85, 103,
191,192,195, 196
current injection 88,101, 127,
204, 227,230, 231, 329, 347

DBRs see distributed Bragg
reflectors
DBRs
cracking-free 165
epitaxial 159,187,197, 203
gap-based 180, 182,183
hybrid 87,102
nitride-based 107, 160
oxide 186
oxide-based 87
DBR structure 89,107,108, 112,
113,116,161,162,172, 200,
201

Index

deep level emission (DLE) 447,
448, 450, 465, 469
deep reactive ion etching (DRIE)
248, 249, 265, 274
defect modes 23,58, 59, 322
defects 43,53, 54,56-58, 84,180,
185,418,470
density 28, 29,59, 62, 68,145,
426,452
charge 29,51
crack 246
low defect 368
low dislocation 365
spectral mode 150
threshold power 113,119
design 27,90,91, 107, 141, 144,
162,167,172,182,183, 185,
202, 246,475,479, 481
flexible 364
metal-clad nanoring 482
quantum device 213
structural 87,237
devices 27, 28,48,50,51,56,57,
84,85,116,117,119, 122,
124,125,212,214-216, 237,
297,298, 464,475
biochemical 317
charge-coupled 103, 149, 227
charged coupled 445
chip-scale 238
electroluminescent 337
heterostructured diode 464
metal-coated 119
microelectronic 350
nanophotonic 212
optical 146,151, 208, 245, 375
photonic crystal 128
silicon logic 365
DFT see discrete Fourier transform
dielectric materials 39, 45, 51, 75,
159,302, 310, 386, 389
dielectric mirrors 88-90, 92, 93,
349
differential equations 47,67
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ordinary 75
partial 30, 394
discrete Fourier transform (DFT)
75,76
disk 44,47, 48,138, 139, 149,
150, 152, 383-389, 391-393,
396-398, 401, 404, 405,
410-413,415-422,424-432,
444,446
broken 420
ceramic 406
collapsed 418
corrupted 420
damaged 418
distinct 417
optically valid 420
thin 412
disk cavity 386,387,389, 392,
398,401
disk edges 133,138,139, 149
disk geometry 412,419,427
disk radius 133, 140, 141, 411,
413,419,420, 422,428
disk resonator 348, 383, 384, 386,
389,392,394, 396, 437, 438
dislocations 110, 158, 163, 164,
166, 196, 205, 363, 375
distributed Bragg reflectors (DBRs)
86,91-93, 104, 106-109,
115,126,127,129,157,
160-163,166-168, 170,
172-176,197, 200, 201,
205-210
DLE see deep level emission
DRIE see deep reactive ion
etching

EB see electron beam

EBL see electron-beam lithography

edge-emitting lasers (EELs) 84, 86,
158, 316, 349

EELs see edge-emitting lasers

effective index 114,122,132-135,
137,139, 140, 258, 263, 387,
390, 411, 487
EHP see electron-hole plasma
electric field 30-32, 34, 45,52,
63-65,72,133,134, 137,138,
151,390, 395,477,478, 482,
486,492
electron beam (EB) 111, 128,203,
218,241, 248, 464, 485
electron-beam lithography (EBL)
146,298,316
electron-hole plasma (EHP) 452,
454, 466
ELO see epitaxial lift-off
epitaxial lift-off (ELO) 349-352,
354, 356, 358, 360, 362, 364,
366, 368,370-372,374, 376,
378
etching 85,111, 184, 185, 220,
233, 236, 248, 284, 319, 331,
354, 355, 359, 361, 362, 442
anisotropic 259
anisotropic crystallographic 356
buffered HF 254, 282
diffusion-limited 356
dry 147,226,229, 230,248, 254,
259,298
isotropic 259
lateral undercut 360
lateral wet-chemical 364
uniform 355
vertical 233
etching mask 117, 254, 255, 259,
269, 279, 282, 283
etching rate 180-183, 185, 249,
356,363
etching selectivity 144,152,183,
351, 355, 365
etching time 183,184,364, 367
evanescent coupling 383, 385, 386,
396, 405, 408, 410, 413, 416,
420,462,473, 483
excitation density 332,339, 446,
450-454, 462, 463



excitation intensity 28, 445,453

excitation power 181,187,301,
302,324,360

excitation power density 324, 325,
333,337,454, 459

excitons 60,198,199, 203, 237,
289, 340,447,451, 452, 459,
460,466,470

extraction efficiency 127,211, 212,
214, 225, 228, 235, 236, 238,
273

extraction lengths 235, 242

FAB etching see fast atom beam
etching
fabrication 87-90, 106,107, 128,
129,132, 144-146, 158, 180,
182,183,190, 200-202,
236-238, 288, 289, 320, 321,
376-378, 485
fiber-coupler 407
fiber-taper 406
reproducible 406
fabrication process 111, 116, 143,
152, 185, 259, 269, 274, 276,
282,404,408,417,420,426
fast atom beam etching (FAB
etching) 248, 249, 254, 259,
264, 265,269,271, 279, 282,
283
FDM see filter diagonalization
method
FDTD method see finite-difference
time-domain method
FDTD simulations 37,114, 335,
342,486,491
FEM see finite element method
FEM simulation 125, 395, 420,
428,430
FIB see focused ion beam
fiber 103,337,406,407,410,422,
458

Index

multimode 113
silica 406, 407
single-mode telecom 406
tapered 406,407,410, 413, 462
fiber polarization controller (FPC)
410,423
fiber taper 384,406, 408,411,
415-417,436
looped 410-412,416,417,438
micro-looped 408
movable optical 416
single-loop 409
symmetric 408
filter diagonalization method
(FDM) 49,76,80,476
finite-difference time-domain
method (FDTD method) 28,
60, 63, 68,74, 78,114, 493
finite element method (FEM) 28,
78,79,121, 393, 435, 457
focused ion beam (FIB) 128, 316,
346, 486
FPC see fiber polarization controller
free spectral range (FSR) 387, 388,
411, 430,481
FSR see free spectral range

GaN buffer 161, 165,179,197,201

GaN devices 363

GaN epilayers 145, 350, 351, 363,
364,368,371

GaN film 351-353,363, 365, 367,
370

GaN layer 183-185, 188, 246, 248,
260, 281, 308, 332, 356, 358,
362, 364,368,369,377

GaN microdisks 114, 154, 288,
329, 347,357,360,378

GaN nanocolumns 279-281

GaN nanorods 366

GaN nanostripe 117,118,125

GaN substrate 84,195,197, 203,
204, 208, 280, 365, 366, 463
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Index

GaN surface 98,269, 271, 272,
361,367
grating height 247-249, 252, 253,
265
grating period 246-250, 252,253,
255, 257, 258, 260, 261, 263,
266-268, 274,275,278, 296,
299
grating region 250, 251, 254, 256,
267,276,277
gratings 103, 247, 250, 252,
255-257, 259, 260, 262, 275,
276, 288,324,490
grating width 246, 250, 252, 253,
255,274-279
grids 31, 32, 35, 38, 298
dense 64
electric 31
nonuniform 57
primary 31,32
secondary 31, 32
staggered 31
uniform 37
guided modes 111,132,212, 214,
225,228, 233-235, 238, 256

HEMTs see high electron mobility
transistors
high electron mobility transistors
(HEMTs) 368,372
holes 56,60, 181, 217, 230, 231,
233,238,307, 308, 354-356,
451, 486,488
missing 53
photogenerated 355
photo-generated 354

ICP see inductive coupled plasma

[1I-nitride gratings 247, 248, 250,
251, 253, 256, 257, 275, 276,
288

epitaxial 262
linear 252
mode resonant 254
nanoscale 274
[II-nitride layer 248, 254, 255,
264
thick 264
thin 264
[1I-nitride LEDs 211, 214, 219,
226, 235, 237
III-nitride materials 220, 221, 226,
259,267
[II-nitride nanocolumns 260, 261,
278, 281-285, 287
[II-nitride nanocolumn slab 284,
286-288
III-nitrides 154, 158-160, 165,
166, 180, 181, 201, 203, 206,
211, 214, 215, 235-237, 248,
254, 255,274, 275, 345, 346,
350
index contrast
high refractive 172
low refractive 89
optical 176
refractive 132,172,176, 257,
486
inductive coupled plasma (ICP)
111, 220, 226, 229, 230, 319,
323,331,353
interface 38,45-47,163,164,178,
188, 189, 294, 351, 352, 354,
355, 358, 365, 366, 368, 432,
442,443,460, 465
electrolyte 355
electrolyte-GaN 356
liquid-solid 444
material-air 50, 59
metal-semiconductor 476
nanoporous 362
slab-vacuum 56
internal quantum efficiency (IQE)
267,281, 296-298, 301
IQE see internal quantum efficiency



laser beam 95,97, 188, 269, 352,
353,446
laser cavity 322,443,476, 478,
481, 483, 487,490
laser devices 85, 86, 124, 479, 487
laser diodes (LDs) 106
lasers 81, 85,87,98, 100, 124, 128,
315, 323,442,445, 468, 469,
474,487,490
blue-ultraviolet 315
bowtie cavity 475
continuous-wave 119
edge-emitting 84-86, 105, 158,
316,349
low-threshold 145, 151
microdisk-based 131
nanopatch 475
plasmonic nanowire 475
pulsed nitrogen 186
ring 473-475,479, 491, 492
single-mode 387
vertical-emitting-type 86
laser structures 123,477-479
metal-clad 478
microring 479
nanopillar 483
lasing 115,119,121,126, 130,
186,190, 192, 193, 443, 445,
450, 451, 455, 468,472,492,
493
clear 200
defect-mode 322
excitonic 452,453
inversionless 198
low threshold 329
low-threshold 327
photon 200
short wavelength 315
single-mode 330
lasing action 89-91, 104,111, 113,
116,119,121,123,474
lasing modes 95,100, 113,114,
119,128, 333, 334, 341
lasing peaks 111, 121, 324-326,
328,334,339, 341, 458, 465,
487

Index

lasing threshold 91, 100, 325, 340,
450, 451, 456,476, 489
lasing wavelengths 88,113,477,
489-491
lattice constant 54-57, 166, 228,
230-233, 328,370
lattice mismatch 145, 162, 275,
276, 280
lattices 51, 53, 85, 225, 485
crystal 402
periodic 56
triangular 220
layers 51, 54, 88, 98,100, 157,
158,162, 163,165,178, 180,
246, 248, 249, 298, 299, 302,
361
capping 299
closed-packed silica 283
close-packed silica 284
continuous 361
doped 235
epitaxial gain 108
epoxy 302
etching stop 282
graphene 368
high refractive index 161
high refractive-index 172
lower refracted index 110
low refractive index 161
low refractive-index 172
nanoporous 362
nanoposous 360
nanostructured mask 368
strain engineering 370
superlattice 84
wetting 146
LDs see laser diodes
LDs
blue 106
edge emitting 191, 192,202
edge-emitting 186
violet 106
LEDs see light emitting diodes
LEDs
blue 106,161,201, 226-229,
243,374

501



502

Index

encapsulated 235
nitride 211, 215, 227
ring-shaped 226
LEDs, GaN heterostructure 218
lift-off 321, 338, 349, 359, 360,
362-364,367,368,373,377
chemical 351, 363,371,376,377
mechanical 351, 368,371
nanoepitaxial 364, 371
photoelectrochemical 351
thin-film 372
lift-off method 360, 364, 367, 368,
370
lift-off techniques 351, 353, 355,
357,359,361, 363, 365, 367,
369-371
light emission 24,93, 103, 113,
193, 219, 296, 365
light emitter 293-296, 298, 300,
302-304, 306, 308,310, 312
light emitting diodes (LEDs) 200,
210-215,217-219, 226-231,
235,236, 240, 242, 243, 294,
298, 346, 350, 365, 368, 462,
469
light extraction 127,190, 213, 215,
219, 225, 228, 233-235, 239,
241-243, 263, 289, 321, 368
light extraction efficiency 201,
239,242,246, 269,272,273,
297,367
light-extraction efficiency 264,
267,268,272,281, 287
lighting 215,217, 218, 237, 240
automotive 106
directional 217
solid-state 236,239,378
lighting sources 158,181, 211,
215,217
artificial 215
fluorescent 217
popular 181
traditional 217

light-matter interaction 27, 61,
70,72,388
light-matter interactions 153, 384
line splitting 69-74
clear 72
symmetric 70
linewidth 88, 96,99, 119,121,
124,410, 413, 414, 489, 490
lithography 147,220
electron beam 111, 128, 485
nano-imprint 299
standard 98,170
localized surface plasmon (LSP)
294-296, 312, 322
lower polariton branch (LPB) 199
LPB see lower polariton branch
LSP see localized surface plasmon
LSP coupling 301, 304, 305
LSP modes 298, 304-307
LSP resonance 299, 300, 303-305,
309

magnetic fields 28, 31, 32, 34, 48,
134, 389, 390, 394

mask 111, 274,338,371,420

electronic lithography 417

etch 338,360

hard 254,323, 485

lithographic 317,319

nanosphere 330

silicon diode 368

materials 30, 37-39, 43, 44, 48, 56,
57,218, 219, 226, 229, 321,
322,326,387, 388, 404, 425,
426,469,471

anisotropic 40, 389

compound 51

dispersive 42,387

epitaxial 262

host 383

isotropic 389

lossy 41



low refractive index 254, 262
nitride-based 317
nonmagnetic 30
optical 259
optoelectronic 237
MBE see molecular beam epitaxy
mechanical modes 383,384, 421,
424-428, 430,431
mechanical oscillators 75,
381-383, 421, 432

mechanical systems 381, 382,421,

424,432
metal nanodisks 293, 294, 299,
308,310
metal-organic chemical vapor
deposition (MOCVD) 88,98,
107, 158, 205, 206, 220, 226,
228,323,331, 337,361-363,
366,372,485
microcavities 43, 88,100, 101,
153,157,207, 209, 212, 289,
344,349,437,439, 442, 460
disk-shaped 344
epitaxial nitride 87,128, 207
high-quality nitride-based 88
hybrid 87,206
planar 152
vertical pillar 344
microdisk cavities 110,115,116,
131,132,134, 136-138, 140,
142, 144, 146, 148, 150, 152,
154, 156, 345
microdisk lasers 110, 113, 114,
141, 212,237,357
microdisk resonators 49, 50,132,
141, 143-145, 147, 149
microdisks 27,49,111-113,
132-135,137,139-143,
146-149, 151, 152, 155, 329,
330,357,359, 434, 443, 445
fabricated 112
free-standing 146
group-III nitride 146
nitride-based 142,152

Index

semiconductor 131
microdisk structures 111, 153,
329,330
microlasers 24,132,441, 466
microresonators 434, 435,442,
458
MOCVD see metal-organic chemical
vapor deposition
model 121,137, 140, 240, 417,
426,489
constant hot-zone 407
mathematical 42
nonlocal 60
plane wave 458
plane-wave 448
modes 40, 41, 46,48-50, 53, 54,
56-59,113-115, 133-136,
139-143,150, 151, 327, 387,
390-392,402,411-413, 427,
428
backward-propagation 342
counter-propagating 342
electromagnetic 213
evanescent 53,54
harmonic 53
higher-order 59,304-306
hybrid 477
hybrid dielectric-plasmonic 477,
492
leaky 58,225, 228,234
non-lasing 116
non-resonant 340
optical-guided 235
parasitic 143
photon 225,228
radiation 225, 233
resonance 343
standing-wave 403
surface plasmonic 477
theoptical 482
mode spacing 150, 151, 329, 330,
334, 335, 340, 342
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Index

mode volume 141, 144,151, 295

molecular beam epitaxy (MBE)
183, 259, 260, 274, 282, 289,
372,404

MQWs see multi-quantum wells

multi-quantum wells (MQWs) 91,
97-101, 159, 193, 196-199,
220-223, 226, 246, 264, 271,
327,328,337,339

nanocavities 23, 81,125, 212, 214,
224,237
nano-pillar array 319, 322, 324,
326,328,331, 344
air-spaced 321
metal-clad 322
nanopillar lasers 475, 478, 481,
483
metal-clad 477,478
nanoring 477,478, 483, 486
nano-ring arrays 322,337-341,
344
nanoring cavity 480, 483
nanoring laser 474,475,478, 481,
483, 486, 490
nanoring lasers 475,477,479,
481, 483, 490
nanosphere lithography (NSL)
197, 243,317,319-322, 330,
337, 344, 346,347
nanospheres 317,319, 323, 344
nanostripe 117,119,121-123,
125
nanowires 361,443, 445, 468, 469
NBE see near band edge
near band edge (NBE) 447, 450,
465
nitride DBRs 160, 161, 163, 165,
167,169,171,173
nitride materials 83, 84, 131, 147,
221, 225,320,375
nitride nanopillars 204, 348, 467

nitride PCs 214, 221, 226, 227
NSL see nanosphere lithography

optical cavities 23, 88,152,262,
316,317, 322,327,339, 388,
392,408,421, 459,474

high-finesse 317
nanosphere-patterned 317
natural 259
sphere-patterned 330
surface-emitting 316

optical confinement 84, 335,411,
443,474,475

optical energy 382, 384,386,419,
421,430,477

optical field 60, 84,91, 122,157,
455,457

optical gain 190, 452, 474-476,
485, 489

optical losses 119, 124, 336, 385,
386,411,413,437,442,457,
459,474,475, 478,482, 483

optical modes 119,121, 123, 125,
132,264,272,273, 382, 384,
386,389,474, 475,477, 481,
482,487

optical performance 158,160, 163,
190, 196, 197, 201, 248

optical power 186, 229,397,402,
416,430,431, 435

optical properties 146, 149, 151,
152,155,311, 317,323, 376,
377,383,407, 409, 445, 447,
469,471

optical pumping 86, 93,97, 186,
198,200, 214, 220

optical reflection 285, 286

optical resonances 412,418,420,
422,428,430

optical resonators 28,43, 131,
152, 386, 388, 469, 470

optoelectronic devices 28, 51, 364,
365,372,377, 443,462,471



optomechanical coupling 382, 383,
409,421, 424,426-429, 431,
432

experimental 431

finite 427

simulated 428,431

vacuum 382,421

patterns 111,117,221, 226, 249,
254,259, 308-310, 320, 321,
323,328,332,457,485

diffraction-limited far-field 105
far field 103

in-plane angular emission 336
inverse 322

nanosphere 331

near-field 193, 195

near field beam 105

pillar 319

triangular lattice 220

PBG see photonic bandgap

PCs see photonic crystals

PECVD see plasma-enhanced
chemical vapor deposition

perfectly matched layer (PML) 42,
79,393-395, 435

periodicity 40, 41, 44, 53, 54, 137,
214,219,220, 224, 225, 230,
233, 268,337

PhCC see photonic crystal cavity

photolithography 249, 265, 269,
282,329,330

photoluminescence 93, 146, 152,
214,299, 322, 460, 486

photon energy 150,152,181, 182,
354, 355,357, 458

photonic bandgap (PBG) 43, 44,
51,53-55,57, 213, 220, 225,
234,316, 320, 321,328

photonic bands 57,58, 214, 322

photonic crystal cavity (PhCC) 27,
28,43,50,53,56,57, 69,70,
72,73,75,81

Index

photonic crystal microcavites 152
photonic crystal microcavities 23,
436
photonic crystals (PCs) 23-25, 50,
80,81,127,128, 211-215,
219-237, 239, 241-244, 264,
290, 346,431, 442
photonic devices 51, 75,213,238,
351,365,372
plasma-enhanced chemical vapor
deposition (PECVD) 111,
117
PML see perfectly matched layer
process 92,111,117,147, 166,
178,181, 185, 218, 259, 308,
315,316, 351, 352, 386, 395,
396
anodic 185
chemical undercut 110
dimension-adjusting 321
dissipation 235
electrodeposition 486
laser irradiation 352
lithographic 318
nanofabrication 384, 404,417
non-radiative recombination 296
packaging 302
polishing 98
pre-oxidation 185
reaction-limited 356
resonant 443
temperature ramping 177
temperature-ramping 177
thermal annealing 300
thermal cleaning 91,116
top-down 248, 253
wafer-bonding 195
propagation 47,51, 54,132,135,
151, 353
azimuthal phase 387
crack 169
lateral 225
optical-mode 342
single mode 136
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Index

pumped lasing 159, 190, 317
pumping energy 93-96, 99
pump power 479, 487-490

QCSE see quantum-confined Stark
effect
QDs see quantum dots
QDs
embedded 72
identical 72-74
self-assembled 59
well-separated 75
QE see quantum efficiency
quality factors 23,49, 88, 89, 116,
119, 124, 141, 144, 147-152,
225, 295, 324, 384-386, 388,
395
cold-cavity 337
high cavity 100
loaded 415
optical 432
radiative 393
quantum-confined Stark effect
(QCSE) 196
quantum dots (QDs) 27,59-75,77,
81,132,146, 153, 155
quantum efficiency (QE) 94, 95,
212
quantum wells (QWs) 64, 83, 84,
94,95, 124-126, 144, 219,
220, 223,237, 244, 293, 294,
296, 297, 299, 303, 304, 307,
308,310-312
QWs see quantum wells

radial numbers 139, 143, 150, 151,
391, 396,412

radiating dipole 293, 295, 296,
298, 299, 304, 310, 311

radiation losses 386, 395, 412,
420,429,430,474,475

RC see resonant-cavity
RCLEDs see resonant cavity light
emitting diodes
RCWA see rigorous coupled-wave
analysis
reactive ion etching (RIE) 111,
254,338, 464
reflectance spectra 108, 247, 252,
253,257,258, 262,263, 285
reflectivity 86-89, 94, 95, 98, 161,
163,164, 166,172-175, 187,
189,190, 197, 199, 273, 285,
460, 462
reflectivity spectrum 92,107, 109,
115,168,172-174,179, 183
refractive index 104, 107,109,
161,162,178, 180,187, 189,
235,268,271, 302, 304, 387,
389
regimes 27,359,401, 414, 415,
452,459
high-density 452
intermediate density 452
nanosecond 70
reaction-limited 358
strong confinement 322
strong-coupling 131, 153, 439
resonances 38-41, 45, 54,57, 86,
247,248,304, 305,327,397,
400,401, 409, 412, 415, 416,
427
asymmetric 417
guided mode 259, 262, 263
isolated 70
leaky 225
mechanical 424,427-429
ring 412
resonant-cavity (RC) 200
resonant cavity light emitting
diodes (RCLEDs) 160, 200,
201
resonant peaks 202,248, 252, 253,
342,465
dense 330



polarized 449
resonators 27,47,48,75, 149, 150,
212,329, 343, 382, 383, 386,
409,414, 425,426,438, 442,
443, 449
circular 38
optomechanical 382,421, 434
quantum mechanical 28,382,
421,433
traveling-wave 342
RIE see reactive ion etching
rigorous coupled-wave analysis
(RCWA) 246,247

sacrificial layer 144, 180, 182, 351,
354-356,359-361, 363, 364,
404
SAG see selective-area growth
sapphire substrates 88,98, 116,
171,172,186, 188, 206, 209,
226,228,351, 353,354, 358,
359,371,373,374
c-plane 299, 308, 323, 337
insulating 215
transparent 351
scanning electron microscopy
(SEM) 92,102,107, 147,
172,220, 249, 299, 360, 405,
407,423,426,430
scattering losses 89,137, 143, 148,
149, 251, 253, 279, 336, 476
selective-area growth (SAG) 290
SEM see scanning electron
microscopy
semiconductor materials 59, 214,
245,294, 375, 459, 463
semiconductors 81, 213, 219, 225,
238-240, 243,307, 309, 358,
443, 446,474,475, 482, 485,
491
low-dimensional 460
nitride-based 315, 345

Index

nitride-based 349
n-type 356
organic 216
p-type 356
SEM images 108, 182,184, 187,
226,227,230, 250, 251, 266,
267,270,280, 283, 284, 300,
302,303, 361, 363
silicon substrate 144-146, 152,
155, 201, 254, 256, 264, 265,
267,269,271-275,277, 281,
282,284,370,372
flat 285-288
nanostructured 283, 285-288
patterned 170
simulation 28, 37, 40, 48, 50, 56,
73,79,114,172,173, 175,
246,327,488, 491
numerical 426,427,431
theoretical 109
solid-state lighting (SSL) 236, 239,
378
solutions 47,52,55,79, 84,134,
135,137-139, 179, 185, 214,
220, 354,390, 391, 422, 430
analytical 135
antisymmetric 46
aqueous 354
chemical 180
concentrated 364
decaying 46
hydrofluoric acid 405
spurious mode 394
steady-state 402
spectral peaks 301, 332, 339, 340
spectral region 158,159,177, 196,
202, 291, 443, 458
blue 179,321
deep UV 238
green 159,171,195
long wavelength 158
violet-blue 158,172
spectrum 99, 100,113,119, 173,
174,231, 237,309, 330, 335,
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Index

339,409, 411-413,420, 427,
465

converged 76

discrete Fourier 49

doublet resonance 403

mechanical 427,431

motional noise 423

optical 396

optical resonance 413

simulated 114, 454

symmetrical 173

SPP see surface plasmon polariton

SPs see surface plasmons

SSL see solid-state lighting

structure 84,86-89,91,92,121,
122,124, 125,134, 184-186,
201, 220, 221, 225, 226, 235,
236, 298, 299, 307, 308,
364-366, 442, 443

air-gap 183

cell 342,343

circular 38, 39,330

clover-shaped PBG 321

compound 59

curved 38,39

cylindrical 38

dielectric 39

flat pyramidal 59, 338

hybrid 89, 460

hybrid-type cavity 87

inverted cone 362

layered 368

metal-clad 479

metal-clad nanolasers 477

metal-grating 295

microcavity 349

micrometer-sized pillar 317

multi-coupled rings 343

multi-twisted looped 408

nanolaser 475,477

nanophotonic 212

nanopillar 197, 478, 480

nano-pillar 323

nitride emitter 213

optical 415

pillar 404

resonant 44

ridge waveguide 122

sphere-patterned 322

triangular lattice 223

whispering gallery 426

substrates 143,145, 159-161,
188, 189, 245, 288, 290, 318,
350-353, 360, 365, 367, 368,
370-372, 408, 444

flexible 351, 368,372,466

lattice-matched 245

patterned 272,290

plastic 368

receptor 353

stretchable 370

unpatterned 262,276

surface plasmon polariton (SPP)
294-296

surface plasmons (SPs) 122,244,
293-298, 300, 302, 304, 306,
308,310-312,322,475-477,
493

technology 59, 86, 180, 202, 208,
216, 236,282,317, 434
epitaxial growth 192
flip-chip 219
homoepitaxy 195
laser printing 86
micro-fabrication 317
nanophotonic 212
nitride laser 344
semiconductor patterning 473
silicon backside 254
threshold 85, 88, 94, 95, 103, 104,
106, 120, 124, 186, 190-196,
198, 332, 333,336, 339, 450,
451,479
optical 186,190, 198
TIR see total internal reflection



TLS see two-level system

TMM see transfer matrix method

total internal reflection (TIR)
43-45, 49, 56, 133, 238, 264,
269,272,273, 329, 384, 455,
460, 467

transfer matrix method (TMM)
396-398

two-level system (TLS) 60, 68

UPB see upper polariton branch
upper polariton branch (UPB) 199,
460

vapor phase transport (VPT) 444

VCSEL see vertical-cavity
surface-emitting lasers

vertical-cavity surface-emitting
lasers (VCSEL) 86, 88-90,
93,95,100, 104, 127,
157-159,187-189, 192-195,
197, 199, 204, 209

VPT see vapor phase transport

wafer 85,91, 119, 169,170,177,
185, 188, 289, 318, 319, 323,

Index

330, 331, 337, 338, 344, 352,
353
epitaxial 404
semi-insulating GaAs 404
waveguide 134, 135,137,212,
386,396,401, 474, 483, 485
circular 473
fiber-taper 417
planar 132
ridge 486
waves 37,45,57,397
electromagnetic 51, 54, 79, 459
optical 189
spherical 66
WGM cavity 447, 448, 455, 457,
460,462, 465, 466
WGM lasing 441, 443, 447, 450,
456-458, 462, 465, 466
WGMs see whispering gallery
modes
WGMs resonances 420,427
whispering gallery modes (WGMs)
49,50, 149, 150, 152, 329,
383-385, 387, 388,391-393,
395, 396, 398-400, 409-414,
416,418-421, 441-444, 455,
456,470

X-ray diffraction (XRD) 108, 164
XRD see X-ray diffraction
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