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a

absorption coefficients 2-13

— diamond laser processing techniques 431

— integrated optical structures and
microstructures 318

— laser micro- and nanoprocessing of
diamond materials 387-390, 405, 409

— optical quality CVD diamond 44-48, 56,
60

— refractive and diffractive optics 134

— thermal management using diamond
360

— thermal stress fracture in Raman lasers
256

— two-photon absorption 29

AFM, see atomic force microscopy

AGPM, see annular groove phase mask

amorphous carbon

— integrated optical structures and
microstructures 322

— laser micro- and nanoprocessing of
diamond materials 390, 391

— polishing and shaping 86, 87, 91, 92, 97

anamorphic lenses 118, 119

annular groove phase mask (AGPM)
coronagraphy 135, 136

antireflection (AR) coatings

—optics 122, 123, 133

— Raman lasers 241, 256, 257, 267

antireflective microstructures 122-124, 436

anti-Stokes scattering 17, 22, 26

apertures 112, 115, 118

AR, see antireflection

ArF laser ablation 428

astronomical applications 133

atomic force microscopy (AFM)

— CVD diamond films 41

— diamond optics 117, 118

— fluorescent nanodiamonds 456, 457

— integrated optical structures and
microstructures 339

attenuated total reflectance (ATR) crystals
62

Auerbach’s law 94, 95

autofluorescence 460, 463

axicons 118, 119

b

band bending model

barium nitrate

— Raman lasers 240, 241, 247, 249, 250,
253, 254, 260, 265, 268

— Raman linewidth 21

beam filamentation 414, 415

beam shapers 433-435

Bettis—-House—Guenther scaling law 257

bioimaging 445, 446, 458-469

biolabeling applications

— fluorescent nanodiamonds 454

— surface doping 219

birefringence

— CVD diamond 49-52

— nitrogen-vacancy color centers 145

— Raman lasers 255, 256, 268, 271

— strain-induced  49-52

— thermal management using diamond
360

black spot microfeatures 46, 47, 53, 59

blazed gratings 119, 120, 122

blinking fluorescence 168, 233, 446

boron doping

— chemical vapor deposition of n-type
diamond thin films 178

— light-emitting diodes  185-193, 197

— nitrogen-vacancy color centers 145

— surface doping 209

boron—deuterium (B-D) complex formation
178

210, 212-216, 225
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Bose—Einstein factors 8,9, 15, 17
Bragg peaks 221, 222
Brewster-cut crystals 253, 258

bright-field fluorescence imaging 461, 465

Brillioun scattering  25-27

brittle-to-ductile transitions 87

brown diamonds 143

bruting diamond 73

bulk graphitization of diamond 410-419

— diamond laser processing techniques
424

— laser-induced graphitization waves
412414, 424

— three-dimensional laser writing in
diamond 414-419, 424426, 435-437

— threshold conditions 410-412

bulk magnetometry 305

bus qubits 279

B-D, see boron—deuterium

c

Caenorhabditis elegans  465-468

CAMPP, see chemical-assisted mechanical
polishing and planarization

capacitance-voltage measurements 186

carbon dioxide lasers

— CVD diamond windows
60

— diamond absorption coefficient 8

— laser micro- and nanoprocessing of
diamond materials 432-435

— laser optics 111, 123, 125, 134

carbon phase diagram 37

cathodoluminescence (CL) 84, 189, 190

cavity quantum electrodynamic (CQED)
effects 314, 317, 336

CCD, see charge-coupled device

cellular uptake 459, 460

charge-coupled device (CCD) array detectors
408

charged polymer interactions 231-235

chemical-assisted mechanical polishing and
planarization (CAMPP) 126

chemical etching

— laser ablation 394, 404

— laser micro- and nanoprocessing of
diamond materials 391, 392, 394, 404,
424, 429-431

— micromachining 128, 129, 131

— polishing and shaping 99-101

chemical inertness 110, 318

chemical-mechanical planarization 97, 98

chemical vapor deposition (CVD) diamond

— absorption characteristics 4447

36, 47, 54, 56,

— diamond optics 110, 111, 113-118, 122,
123,127, 134

— integrated optical structures and
microstructures 321

— laser micro- and nanoprocessing of
diamond materials 385-387, 389-407,
420-424, 426, 428-431, 433-435

- n-type doping  177-182, 185, 190

— nitrogen-vacancy color centers 159, 160,
163, 166, 167

— nonoptical wavelength absorption 47-49

— optical applications 35, 36, 60-63

— polishing and shaping 82, 97, 101

— properties of optical quality CVD diamond
43-59

— Raman lasers 241, 242, 257, 258, 271

— scattering and depolarization losses
52-55

— strain-induced birefringence 49-52

— strength characteristics  56-59

— surface doping  216-219, 226, 228, 229

— thermal management using diamond
360

— thermal properties 54-56, 60-63

chemical vapor deposition (CVD) process
35-69

— atomic hydrogen role 37-39

— carbon phase diagram 37

— competitive grain growth 40, 41

— dopant impurities 40

— growth on refractory carbides
56

— isotopic content of diamond 49

— morphology and texture 42, 43

— point defects and defect complexes 44,
45

— polycrystalline diamond 35, 36, 38-43,
45-49, 52-55, 57, 58, 60, 61

— principles of diamond growth 36-43

— single-crystal diamond 35, 36, 38, 39, 42,
43, 49-54, 57, 61-63

chemiluminescence 89

chronometry 71, 72

CL, see cathodoluminescence

cleaving diamond 73, 98, 99

cluster-state quantum computing 289, 315,
317

CNOT, see controlled NOT

coatings, see antireflection coatings

coherence time 153, 157, 158, 164, 304

contact photolithography 324, 325

continuous-wave (CW) operation

— laser micro- and nanoprocessing of
diamond materials 424

39, 40,



— Raman lasers 241, 244, 245, 255, 257,
258, 261, 262, 268-271

— thermal management using diamond
356, 357

controlled NOT (CNOT) gates
288, 295-297

controlled rotation (CROT) gates
295, 298

copper—diamond composites 375

copper encapsulation 426, 427

CQED, see cavity quantum electrodynamic

crack propagation 98, 99, 418, 419

critical point phonons  5-7

CROT, see controlled rotation

crystal morphology 42, 43

current density—voltage (J-V) characteristics
192-196, 198, 203, 204

current-injected light emission spectra
188-193, 195, 196, 198, 199

current-voltage (I-V) characteristics
187, 191

curved diamond surfaces 71, 101, 102

curved graphitic structures 416-418

CVD, see chemical vapor deposition

CW, see continuous-wave

cyclotrons 220

cylindrical lenses

281, 282,

287, 288,

180,

117

d

DBR, see distributed Bragg reflector

Debye temperature 15, 54, 246

deep-ultraviolet (DUV) generation 187-202,
205, 265-267

defects

— absorption in CVD diamond 44, 45

— applications of NV centers 163-168
— classification 144-158
— intrinsic and extrinsic 144, 145

— nitrogen-vacancy color centers 143-175
— polishing and shaping 74

— synthetic diamond  159-163

density functional theory (DFT) calculations

212, 214

density of states (DOS) calculations 5,7, 216
deterministic QIP protocols 315
detonation nanodiamonds (DND) 159-161

DFT, see density functional theory

DH, see double heterostructures

diamond films 100

diamond laser processing techniques
419-437

— diamond optics  431-437

— formation of conductive structures in
diamond 424428

Index

— laser polishing 420-424

— nanoablation 394, 402406, 428

— surface structuring 428-431

— ultraviolet 2-photon etching 266, 267

diamond LEDs, see light-emitting diodes

diamond optics  109-142, 431-437

— applications  134-137

— CVD diamond 110, 111, 113-118, 122,
123, 127, 134

— diffractive optical elements

— future directions 137

—lenses 112-118, 120, 121, 136, 137

— micromachining 126, 128-132

—novel devices 118, 119

— polishing and shaping 113, 118,
126-128

— polymer coatings

—prisms 118

— refractive optics 109, 112-119, 136, 137

— surface finishing 110, 113-115, 117, 122,
123,128

— windows and domes

109, 119-125

110, 113-115, 133

110-112

diamond sub-mounts for lasers 355, 363,
367, 369-371
diamond-like carbon (DLC) films 386, 392,

398, 399, 404, 424

diamond—diamond friction experiments
92-95

dielectric loss 61

differential interference contrast microscopy
(Nomarski microscopy) 82, 84, 88, 98,
101, 468

diffractive optical elements (DOE) 109

— blazed gratings 119, 120, 122
— fan-out elements 124, 125
— Fresnel lenses  120-122

— laser micro- and nanoprocessing of
diamond materials 431-437

— subwavelength gratings 122-124

directional dependence of polishing 75-79,
83, 84, 88, 91

disk lasers, see doped-dielectric disk lasers;
semiconductor disk lasers

dislocations

— nitrogen-vacancy color centers

— polishing and shaping 84

— strain-induced birefringence 50-52

distributed Bragg reflector (DBR) 362,
363

DLC, see diamond-like carbon

DNA grafting 233, 234

DND, see detonation nanodiamonds

DOE, see diffractive optical elements

domes 110-112

144
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doped-dielectric disk lasers

— diamond sub-mounts for mechanical
rigidity 369-371

— future directions 374, 377

— intracavity applications of diamond
371-374

— thermal management using diamond
353-355, 360, 361, 369-374, 377

DOS, see density of states

double heterostructures (DH)

doxorubicin 233, 234

drug delivery 165

dry chemical etching 99-101

DUV, see deep-ultraviolet

dynamic light scattering (DLS)
455

dynamic nuclear spin polarization 285

319, 320

454,

e

EBIC, see electron beam-induced current

EBL, see electron beam lithography

ECR, see electron cyclotron resonance

edge dislocations 144

EELS, see electron energy loss spectroscopy

elastic strain tensor 25, 26

elaton materials 62, 63

electrical conductivity 143

electroluminescence 88, 89

electron beam lithography (EBL)

— diffractive optics 122

— integrated optical structures and
microstructures 323, 325

— nanowires 132

electron beam-induced current (EBIC)
analysis 186

electron cyclotron resonance (ECR)
327

electron energy loss spectroscopy (EELS)
81, 89

electron-hole pair recombination 201, 202,
205

electron-nuclear double resonance (ENDOR)
spectroscopy 295, 296

electron paramagnetic resonance (EPR)

— fluorescent nanodiamonds 457, 458

— integrated optical structures and
microstructures 312, 313

— nitrogen-vacancy color centers
157

— quantum optical diamond technologies
287, 294

— surface doping 221

electron spin echo envelope modulation
(ESEEM)  290-292

129,

147, 151,

electron spin—nuclear spin interactions
282-293

electron spin resonance (ESR)

- n-type doping 182

— nitrogen-vacancy color centers 156

— quantum optical diamond technologies
283, 284, 286-288

electron spins

— dipole—dipole interactions 282, 283,
291-293
— Fermi contact interactions 282, 291-293

— generation and detection of entanglement
296-303

— gyromagnetic ratio 281, 284

— hyperfine interactions 281-289, 291-294,
296

— nuclear spin bath  289-292

— nuclear spins as a qubit resource 281

— Ramsey frequencies 289, 290, 296, 299

- single quantum systems 277

— Zeeman splitting  282-284, 289, 291

electronic nonlinearity 27-30

electroplating 117, 118

embedded grits 87, 88

end-caps  357-359

ENDOR, see electron-nuclear double
resonance

endoscopic applications

entanglement 296-303

— Bell states  297-303

— GHZ states 297, 298, 301-303

— W states 297, 298, 301-303

epifluorescence imaging 461, 465, 466, 468

EPR, see electron paramagnetic resonance

EQE, see external quantum efficiency

Er-doped lasers 260, 261

Escherichia coli inhibition 200, 205

ESEEM, see electron spin echo envelope
modulation

ESR, see electron spin resonance

etch rate 266, 267, 397, 402-406, 430

etch selectivity 115, 131

excimer laser ablation 119, 121, 405, 427

external cavity Raman lasers 240, 258-261,
269, 270

external quantum efficiency (EQE)
200

extrinsic defects

f

Fabry-Perot interferometers 21

fan-out elements 124, 125

FCS, see fluorescence correlation
spectroscopy

130, 137

199,

144, 145



FEM, see finite element modeling

Fermi level engineering 209, 210, 214, 231,
236

FET, see field-effect transistors

FIB, see focused ion beam

fiber Raman lasers 240, 241

fiber taper waveguides 339

field-effect transistors (FET)

finite element modeling (FEM)
371-374, 377, 378

fluorescence correlation spectroscopy (FCS)
454-456

fluorescence imaging 459-464

fluorescence lifetime imaging 453, 454,
461-463

fluorescence resonance energy transfer
(FRET) 454, 458, 459

fluorescence spectra 450, 451, 457

fluorescent nanodiamonds  445-471

— autocorrelation functions 454-457

— biological applications 445, 446, 458-469

— cellular uptake and fluorescence imaging
459, 460

— fluorescence lifetime imaging 453, 454,
461-463

— fluorescence resonance energy transfer
454, 458, 459

— fluorescence spectra 450, 451

— in vivo imaging in Caenorhabditis elegans
465-468

— mass production 448-451

- nitrogen-vacancy color centers
446448, 456-458

— photostability 451-453, 456

— single particle tracking 464, 465

— super-resolution fluorescence microscopy
445, 463, 464

— surface doping 220, 228, 231-235

— two-photon excited fluorescence imaging
460462

fluorescent proteins 446

fluorinated nanodiamonds
236

FND, see fluorescent nanodiamonds

focused ion beam (FIB) fabrication

— diffractive optical elements 122

— integrated optical structures and
microstructures  321-326, 328, 329, 333,
334

Forster resonance energy transfer (FRET)
234, 236

four-wave mixing 27, 28

Fourier transform infrared attenuated total
reflectance (FTIR-ATR) spectroscopy 135

212
359,

165-167,

228, 229, 235,

Index

Fourier transform infrared (FTIR)
spectroscopy 229

Fourier transform spectroscopy 14

fracture strength  56-59, 87, 256

freeform optical devices 119

Fresnel lenses 120-122, 433

Fresnel reflection 2, 3

FRET, see fluorescence resonance energy
transfer; Forster resonance energy
transfer

frozen core 292, 293

FTIR, see Fourier transform infrared

FTIR-ATR, see Fourier transform infrared
attenuated total reflectance

fullerenes 281

fused silica 62, 63

g

GalnAsSb-based devices 364, 367, 368

gallium arsenide 304, 354

gallium hard mask 326, 333, 334

gallium nitride 354, 375, 376

gallium phosphide 117, 321

germanium sulfide 133

glide set 145

gold-doped silicon 61

gold—-diamond composites

graphitic carbon

— bulk graphitization 410-419, 424

— integrated optical structures and
microstructures 322

— laser micro- and nanoprocessing of
diamond materials 388-395, 404, 405,
410-419

— polishing and shaping 91, 92, 97

— surface graphitization 388-395, 404, 405,
410, 411

graphitic wires

375

414-419, 424420,

435-437
Griffiths model 57
gyrotrons 60, 61
h
H3 color centers 357
Hadamard gates 297, 298

Hahn-echo sequences 289, 290, 292

Hall-effect measurements 182-185, 190

heat spreaders 356, 361-369, 375

Hela cells 460-463

HEMT, see high electron mobility
transistors

Herzberger formula 14

heteroepitaxial growth 322

hexagonal diamond 85
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HFCVD, see hot filament chemical vapor
deposition

high electron mobility transistors (HEMT)
376

high-pressure, high-temperature (HPHT)
synthetic diamond

— absorption characteristics 45

— carbon phase diagram 37

— diamond optics 118

— fluorescent nanodiamonds ~ 447-451

— integrated optical structures and
microstructures 326, 327

— laser micro- and nanoprocessing of
diamond materials 385

~ n-type doping 188, 192-193

— nitrogen-vacancy color centers
166, 167

— nonoptical wavelength absorption 48

— polishing and shaping 80, 82

— Raman lasers 242, 271

— strain-induced birefringence 50

— surface doping 215, 216, 219, 220, 226,
228, 229

high-resolution magnetometry 165

high-resolution transmission electron
microscopy (HRTEM) 455-457

hole accumulation layers 212

homoepitaxial diamond junction devices
177-179, 188, 192, 194, 203, 204

hot filament chemical vapor deposition
(HFCVD) 122

hot metal polishing 97

HPHT, see high-pressure, high-temperature

HRTEM, see high-resolution transmission
electron microscopy

hydrogen bonded surface 82

hydrogenated nanodiamonds
230, 231, 235, 236

159, 160,

225, 226,

i

ICP, see inductively coupled plasma

in vivo imaging 459, 460, 465-468

inclusions 143

inductively coupled plasma (ICP) etching

— diamond optics  122-124, 129, 130, 136

— integrated optical structures and
microstructures 327, 331

- n-type doping 191

— polishing and shaping 101

— thermal management using diamond
370

infrared (IR) absorption 3-11, 44—47,
201

infrared (IR) spectroscopy 61, 62

infrared (IR) transmission

— diamond optics 110, 111, 135

— Raman lasers 264, 265

— transmission spectra 2

infrared lattice absorption, see lattice
absorption

InGaAs-based devices 364

integrated optical structures and
microstructures  311-351

— applications of fluorescent diamond
devices 311-318

— design of diamond-based optical structures
319-321

— fabrication techniques 323-327

— hybrid approaches 338-340

— lift-off/out methods 322-324, 328, 329

— microcavities 319, 320, 333-335

— nanobeams 333

— nanomanipulation of nanodiamond
338-340

— nanopillars 332, 333

— nitrogen-vacancy color centers 311-318

— optical properties of diamond 318, 319

— optical waveguiding in single-crystal
diamond  327-330

— polycrystalline thin films 335-338

— quantum information processing 311,
315-318

— quantum key distribution 311, 313-316

— ring resonators 334, 335, 337

—sensing 311-313

— single-photon generation 311, 313-316,
342

— single-crystal diamond 311, 318, 319,
321-335

— solid immersion lenses 330, 331

— surface emission  330-333

— thin and ultra-thin single-crystal diamond

films 322, 323

— two-dimensional photonic crystals 333,
334

interferometry 407-410, 429

intersystem crossing (ISC) 278

intervalley scattering 185

intracavity heat spreaders 56, 355-360,
363-368, 371-374, 377

intracavity Raman lasers 245, 261, 262,
269, 270

intrinsic defects 144, 145

inverse bremsstrahlung process 388, 389

ion beam-assisted etching 126, 128

ion implantation

— integrated optical structures and
microstructures 330



— laser micro- and nanoprocessing of
diamond materials 426-428
- nitrogen-vacancy color centers
163

IR, see infrared

iron films 97

irradiative NV center formation 162

ISC, see intersystem crossing

isochronous cyclotron 220

isotopic content of diamond

— CVD diamond 49

— lattice absorption 9-11

— quantum optical diamond technologies
281, 286

— Raman scattering 23, 24

— UV edge absorption 13

I-V, see current—voltage

162,

J

Jahn-Teller effect 151, 152

joint-density-of-states (JDS) calculations 5,
7

J-V, see current density—voltage

k

Kerr effect 409, 410

Klaus and Strawson’s stereogram 78, 79

Klemens model 22, 23

Kramers—Kronig analysis 27, 29

KrF lasers 391, 392, 394, 395, 397,
403-405, 424, 425, 427, 429, 432

)

lanthanum-nickel eutectic alloys 97

larmor precession frequency 290, 291

laser ablation 394-410

— chemical etching 394, 404

— diamond laser processing techniques
421-424

— diamond optics 119, 121, 123

— nanoablation 394, 402—406

— photoionization of diamond 406-410

— vaporization ablation 394-402

laser damage threshold 240, 256, 257

laser etching

— diamond optics 119, 125, 126

— laser micro- and nanoprocessing of
diamond materials 427

— nanoablation 402-406

— ultraviolet 2-photon etching 266, 267

laser micro- and nanoprocessing of diamond
materials  385-443

— bulk graphitization of diamond 410-419,
424

Index

— chemical etching 391, 392, 394, 404, 424,
429-431

— diamond laser processing techniques
419-437

— diamond optics  431-437

— formation of conductive structures in
diamond 424-428

— graphitization waves 412-414, 424

— laser ablation 394-410, 421-424

— laser polishing 420-424

— nanoablation 394, 402—406

— photoionization of diamond 406-410

— surface graphitization 388-395, 404, 405,
410, 411, 424, 425

— surface structuring 428-431

— thermomechanical and optical properties
of diamond 386-388

— three-dimensional laser writing in
diamond 414-419, 424-426, 435-437

— threshold conditions for bulk/surface
graphitization 410-412

— vaporization ablation 394402, 429-431

lattice absorption 2-11

— CVD diamond 44-47

— isotopic content of diamond 9-11

— laser micro- and nanoprocessing of
diamond materials 388, 389

— temperature dependence 8,9

— two-phonon region 4-7

Laue geometry 76-78, 80

LEDs, see light-emitting diodes

lenses
— integrated optical structures and
microstructures 327, 330

— laser micro- and nanoprocessing of
diamond materials 431-435

— refractive optics  112-118, 120, 121, 136,
137

— see also microlenses; solid immersion
lenses

life sciences applications

— diamond optics 136, 137

— fluorescent nanodiamonds

— n-type doping 200, 205

— nitrogen-vacancy color centers
165

— quantum optical diamond technologies
277

— surface doping 215, 219, 228,
232-235

lift-off/out methods 322-324, 328, 329

light-emitting diodes (LEDs)

— diamond heat spreaders 375

— diamond LEDs 187-205, 376

445-471

164,
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— monolithic structures and GaN epitaxy on
diamond 376

- n-type doping  187-202

— thermal management using diamond
353, 354, 375, 376

linear defects 144

linear optics, see diamond optics

linear variable displacement transducers
(LVDT) 80, 81

lithium iodate Raman lasers
247

lonsdaleite 85

luminescence

— laser micro- and nanoprocessing of
diamond materials 414, 415

— nitrogen-vacancy color centers 166

— surface doping 210, 216-218, 222-236

— see also photoluminescence

LVDT, see linear variable displacement
transducers

240, 241, 2406,

m

magnetic sensing 143, 149, 165

magneto-fluorescent spin markers 467

magnetometry 311-313

manganese powders 97

mechanical lapping 126

metallization of diamond 426, 427

microcavities 319, 320, 333-335

micro-crack features, see black spot
microfeatures

microelectronics 111, 112, 114
microinjection 467, 468
microlenses

— integrated optical structures and
microstructures 327

— refractive optics, fabrication 114-118

— thermal management using diamond
369

micromachining 126, 128-132

microstructures

— laser micro- and nanoprocessing of
diamond materials 435-437

— polishing and shaping 74, 83, 84

— ultraviolet 2-photon etching 266,
267

— see also integrated optical structures and
microstructures

microtexturing 128

microtrons 220

microwave plasma chemical vapor
deposition (MPCVD)

- fundamentals of growth 37, 38

— n-type doping 180, 185

microwave plasma torch technique 167
microwave transmission 2, 48, 49, 61

missile domes 8, 61, 111, 112
molecular dynamics simulations 92, 93
Monte Carlo simulations 449, 457, 458

moth eye structures 122

MPCVD, see microwave plasma chemical
vapor deposition

multiphonon absorption, see lattice
absorption

n

n-type doping 177-208

— chemical vapor deposition of diamond thin
films 177-182, 185, 190

— current theory and future directions
202-205

— deep-UV LEDs 187-202, 205

— electrical properties of diamond pn
junctions 185-187

— electrical properties of n-type diamond
182-185

— homoepitaxial diamond junction devices
177-179, 188, 192, 194, 203, 204

— i-layer thickness 197-200

— light-emission mechanisms 200-202

— nitrogen-vacancy color centers 143

— pin junction LEDs 188, 192-200, 203,
204

— pn junction LEDs  188-192, 202-204

— surface doping 209

nanoablation 394, 402-406, 428

— see also ultraviolet 2-photon etching

nanobeams 333

nanocantilevers 326

nanocrystalline (NC) diamond films

— integrated optical structures and
microstructures 321, 336, 337

— laser micro- and nanoprocessing of
diamond materials 392, 397, 398, 402,
403

nanodiamond

— integrated optical structures and
microstructures 318, 319, 338-340

— nanomanipulation of 338-340

— nitrogen-vacancy color centers
159-161, 165-169

— surface doping 214, 219-236

— see also fluorescent nanodiamonds

nanogrooving 82-91

144,

nanoimprint lithography (NIL) 132,
136

nanomechanical oscillators 305

nanopillars 132, 332, 333



natural diamond

— absorption characteristics 45

— carbon phase diagram 37

— diamond optics 110, 111

— high technology applications 35

— laser micro- and nanoprocessing of
diamond materials 385

— nitrogen-vacancy color centers 143,
144

— quantum optical diamond technologies
286

NC, see nanocrystalline

Nd:YAG lasers

— design and performance of Raman lasers
239, 253-256, 261, 263

— laser micro- and nanoprocessing of
diamond materials 386, 394, 406, 429,
430

— thermal management using diamond
354, 356-360, 370-373, 377, 378

Nd:YAP lasers 394

Nd:YVO, lasers

— design and performance of Raman lasers
261, 262, 265, 266, 271

— thermal management using diamond
354, 355, 372

Nd-doped lasers  239-241, 261, 268, 269

NEA, see negative electron affinity

near-edge X-ray absorption fine-structure
(NEXAFS) spectroscopy 266, 267, 391

near-infrared (NIR) absorption 360

negative electron affinity (NEA) 202,
203

neutron scattering 5

NEXAFS, see near-edge X-ray absorption
fine-structure

nickel encapsulation 426

NIL, see nanoimprint lithography

NIR, see near-infrared

nitrogen-doping

— laser micro- and nanoprocessing of
diamond materials 405, 406

- n-type doping 177, 181, 182, 185

— Raman linewidth 21

— see also nitrogen-vacancy color centers

nitrogen-vacancy color centers 143-175

— A-centers  145-147

— applications  163-168

— B-centers 145-147

— bus qubits 279

— C-centers  145-147

— charge state of NV centers 150-152

— classification of defects in diamond
144-158

Index

— controlled ground-state spin transitions
155, 156

— CVD diamond 159, 160, 163, 166, 167

— detonation nanodiamonds 159, 161

— electron spins  281-294, 296-303

— emission spectra 150

— energy level scheme for NV centers 152,
153

— enhancing surface emission 330-333

— fluorescent nanodiamonds  446—448,
456-458

— frozen core 292, 293

— high-pressure, high-temperature synthetic
diamond 159, 160, 166, 167

— high-resolution magnetometry 165

— integrated optical structures and
microstructures  311-318

— intersystem crossing 278

— intrinsic and extrinsic defects

—ion implantation 163

— irradiation 162

— life sciences applications 165

— measurement of fluorescence intensity
156, 158

— nanotechnology applications

— nuclear spins  281-303

— optical and spin properties of NV centers
153-158

— optically detected magnetic resonance
278, 285, 291-294, 312, 313

— platelet defects 145, 147

— polarizability of NV centers 153-156

— quantum information technology 148,
149, 163, 164

— quantum optical diamond technologies
278-305

— relaxation time 156-158

— spin-selective optical excitations 278

— surface doping 209-236

— surface-related effects 167, 168

— synthetic diamond  159-163, 166

NMR, see nuclear magnetic resonance

Nomarski microscopy, see differential
interference contrast microscopy

nondeterministic QIP protocols 315

nonlinear refractive index 29

nonlocal states  293-303

nonoptical wavelength absorption 47-49

nonplanar geometries 101, 102

nuclear magnetic resonance (NMR)
spectroscopy

— quantum optical diamond technologies
286-288, 293, 295

— surface doping 228, 229

144, 145

165-168

481



482

Index

nuclear spins

— characterization of qubit systems 295,
296
— dipole—dipole interactions 282, 283,

291-293

— electron spin decoherence 281, 289-292,
296-303

— electron spin—nuclear spin interactions
282-293

— Fermi contact interactions

— frozen core 292, 293

— gyromagnetic ratio 281, 284

— Hamiltonian operators 282, 283

— hyperfine interactions 281-289, 291-294,
296

— isotopes with nuclear spins 281

- nonlocal states  293-303

— nuclear spin baths 288-293

— quantum gates 287, 288, 304, 305

— Rabi frequency 296, 299, 300

— Ramsey frequencies 289, 290, 296,
299

— three-partite entanglement 302, 303

— two nearest-neighbour C nuclear spins
293-295

— Zeeman splitting  282-284, 289, 291

nucleation and growth 58

NV, see nitrogen-vacancy

282, 291-293

o

ODE, see ordinary differential equation

ODMR, see optically detected magnetic
resonance

one-phonon absorption 3

one-photon excitation (OPE) microscopy
460, 462

optical absorption spectroscopy 221

optical coatings, see coatings

optical damage threshold 435

— see also laser damage threshold

optical microscopy

— fluorescent nanodiamonds
468

— integrated optical structures and
microstructures 331

— laser micro- and nanoprocessing of
diamond materials 412, 416, 426

optical properties 1-34

— ab initio calculations 22

— absorption at wavelengths longer than 5
microns 7, 8

— Brillioun scattering  25-27

— critical point phonons  5-7

— electronic nonlinearity  27-30

456, 457, 467,

— historical background 1, 2

— isotopic content of diamond 9-11, 13, 23,
24

— laser damage threshold 240, 256, 257

— lattice absorption 2, 3-11

— linewidth 20-22

— nonlinear refractive index 29

— Raman gain coefficient 24, 25, 247-254

— Raman scattering  16-24

— refractive index 13-16, 29

— temperature dependence 8, 9, 14-16, 22,
23

— transmission spectra 2-11

— two-phonon absorption 4-7, 29, 30

— UV edge absorption 2, 3, 11-13

— Verdet constant 16

optical pumping 153, 244, 245, 278

optically detected magnetic resonance
(ODMR) 278, 285, 291-294, 312,
313

optics, diamond, see diamond optics

ordinary differential equation (ODE) solvers
244

oxidative etching 454-456

oxidized nanodiamonds 225, 226, 230, 235,
236

p

p-type doping

— homoepitaxial diamond junction devices
177, 178, 185-193

— nitrogen-vacancy color centers 143

— surface doping 209

particle induced X-ray emission (PIXE)
181, 182

particle size analysis 454, 455

PEI, see polyethylenimine

phonon scattering 185

phonon wave-vectors 27

phosphorus-doping

— homoepitaxial diamond junction devices
177-193, 195, 197

— surface doping 209

photochromism 312, 313

photoconductivity 145

photoelastic tensor 25, 26

photoionization of diamond 406-410

photolithography

— diamond optics 117, 121, 123

— integrated optical structures and
microstructures 324, 325, 330, 331

— laser micro- and nanoprocessing of
diamond materials 428

- n-type doping 191



photoluminescence (PL)

— fluorescent nanodiamonds

— n-type doping 189, 190

— surface doping 211, 212, 215-218,
220-233

photonics applications
336, 342

photoresist  114-118, 330, 331

photostability 451-453, 456, 465

photothermal ionization spectroscopy 201

pin junction LEDs 188, 192-200, 203, 204

PIXE, see particle induced X-ray emission

PL, see photoluminescence

planar slab waveguides 321, 322

plasma etching

— integrated optical structures and
microstructures 323, 337

— refractive and diffractive optics
117, 122-124, 128-130

— trenching 130

— see also inductively coupled plasma
etching; reactive ion etching

plastic deformation

— nitrogen-vacancy color centers 143

— polishing and shaping 71, 83, 90, 91

— thermal management using diamond
354

platelet defects

pn junctions

— homoepitaxial diamond junction devices
185-187, 188-192, 202-204

— surface doping 209, 210

point defects 44, 45, 144

Poisson equation 214

polarizability 17, 18, 153-156, 2438,
250-253

polishing and shaping

— ab initio calculations 91

— apparatus and preparation 74, 75, 84-88

— atmosphere dependence 88, 96

— chemical-mechanical planarization
97-98

— diamond optics 113, 118, 126-128

— directional dependence of polishing
75-79, 83, 84, 88, 91

— dry chemical etching 99-101

— high-quality planar surfaces

— hot metal polishing 97

— laser polishing 420-424

— nanogrooving 82-91

— nonplanar and structured geometries
101, 102

— post-mechanical polishing treatment 99

— shaping techniques 73, 98, 99

4406, 457

318-320, 333, 334,

113-115,

145, 147

98-101

Index

— single-crystal diamond 71-107

— sliding diamond against other materials
95

— subsurface damage 84

— surface characteristics 82-84

— thermally induced wear 90, 97

— tribological behavior of diamond  92-95

— triboluminescence 88, 89, 102, 103

— velocity dependence 79-81

polycrystalline diamond

— absorption  45-49

— applications 35, 36, 60, 61
— diamond optics 111, 117, 118, 123, 131,
132, 134

— fracture strength 57, 58

— integrated optical structures and
microstructures 318, 319, 335-338, 341,
342

— laser micro- and nanoprocessing of
diamond materials 386, 387, 389-394,
397, 398, 406, 407, 420-424

— morphology and texture 42, 43

- n-type doping 177, 178

— polishing and shaping 97

— principles of diamond growth 38-41

— scattering and depolarization losses
52-54

— thermal conductivity 54, 55

— thermal management using diamond
360, 376, 377

— thin films  335-338

polyethylenimine (PEI) 233-235

polymer coating 113-115

post-mechanical polishing treatment 99

potassium gadolinium tungstate 247, 249,
250, 253, 254

prisms 118

proteins, fluorescent 446

Purcell regimes 314, 315

q

Q factor 313, 314, 317, 319, 320, 334, 337,
342

QD, see quantum dots

QIP, see quantum information processing

QKD, see quantum key distribution

quantum cascade lasers 264, 265

quantum computing applications 235, 236

quantum conversion efficiency 259, 260

quantum cryptography 164

quantum dots (QD) 304, 445, 452, 453, 465

quantum gates 304, 305

— CNOT gates 281, 282, 288, 295-297

— CROT gates 287, 288, 295, 298
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— Hadamard gates 297, 298

— Toffoli gates 281, 282, 296

quantum information processing (QIP)

— integrated optical structures and
microstructures 311, 315-318

— nitrogen-vacancy color centers
163, 164, 278, 280

— surface doping 215

quantum key distribution (QKD)
313-316

quantum mechanical calculations
91

quantum optical diamond technologies
277-310

— ab initio calculations 285, 286

— characterization of qubit systems 295, 296

— dipole—dipole interactions 282, 283,
291-293

— electron spin decoherence 277, 281,
289-292, 296-303

— electron spin—nuclear spin interactions
282-293

— Hamiltonian operator

— isotopes with nuclear spins

— nitrogen-vacancy color centers
279-305

— nonlocal states 293-303

— nuclear spin bath 288-293

— partial transpose 300, 301

— quantum gates 281, 282, 287, 288, 304,

148, 149,

311,

16, 17,

282, 283
281
164, 278,

305
— quantum state tomography 298-300
— qubits  279-305

- single quantum systems 277

— three-partite entanglement 302, 303

— two nearest-neighbor *C nuclear spins
293-295

quantum standards 311, 313-316

quarter-wave antireflection coatings 133

qubits 164, 279-305

r

Raman frequency 16

— isotopic dependence 23, 24

— temperature dependence 22

Raman gain coefficient 24, 25, 247-254,
377

— comparison with other materials
248

— linewidth dependence 253, 254

— polarization dependence 250-252

Raman lasers 239-276

— deep ultraviolet generation 265-267

— design and modeling 245, 246

247,

— development of diamond Raman lasers
258-263

— extending capability using diamond
264-270

— external cavity design 240, 258-261, 269,
270

— finite difference calculation 244

— future directions 270, 271

— gain coefficient 244, 245, 247-254, 377

— high average power 267-270, 271

— historical context 239-242

— integrated optical structures and
microstructures 318

— intracavity design 245, 261, 262, 269, 270

— laser damage thresholds 256, 257

— linewidth dependence 253, 254

— long-wavelength generation 264, 265

— optical, thermal and physical properties of
diamond 246-258

— polarizability 250-253

— principles  242-246

— stimulated Raman scattering 239, 241,
242, 243-245, 248, 249, 263

— synchronously pumped mode-locked lasers
262, 263

— target wavelengths for applications
240

— thermal lens strength 255

— thermal management using diamond
356, 357, 377

— thermal properties 254-256, 268

— thermal stress fracture 256

— thermally induced stress birefringence
255, 256, 268

Raman mapping 468

Raman scattering 16-24

— isotopic content of diamond 23, 24

— linewidth 20-22

— second-order Raman scattering 5

— stimulated 24, 25

— temperature dependence 22, 23

— wavelength dependence 20, 21

Raman spectroscopy

— laser micro- and nanoprocessing of
diamond materials  390-392, 410

— polishing and shaping 82, 85, 86, 89,
92

— surface doping 217, 218, 221, 222, 226

Raman tensors 17, 18

RBS, see Rutherford backscattering

reactive ion etching (RIE)

— integrated optical structures and
microstructures 326, 327, 330, 337

- n-type doping 186

239,



— surface processing of diamond optics
126, 128, 129

reciprocal polishing 85-88, 90

red fluorescence 446-454

reflection electron microscopy 82

refractive index 13-16

- CVD diamond 54

— diamond optics 110, 113

— integrated optical structures and
microstructures 319, 320

— laser micro- and nanoprocessing of
diamond materials 409, 410, 435

— nonlinear 29

— temperature dependence 14-16

refractive optics 109, 112-119

—lenses 112-118, 136, 137

—novel devices 118, 119

—prisms 118

refractory carbides 39, 40, 56

relaxation time 156-158

remote sensing applications

— diamond optics 133

— quantum optical diamond technologies
304, 305

— Raman lasers 260, 264, 265

rheological properties

— fracture strength  56-59, 87

— laser micro- and nanoprocessing of
diamond materials 385

— polishing and shaping 71, 83, 87, 90,
91

— thermal management using diamond
354, 369-371

ridge waveguides 370

RIE, see reactive ion etching

ring resonators 334, 335, 337

ring-shaped lenses 117

RNA grafting 233, 234

Rutherford backscattering (RBS) analysis
181, 182

s

sapphire 54, 61, 358, see also titanium-
doped sapphire lasers

sawing diamond 73

SBD, see Schottky barrier diodes

scaife plates 74, 75, 84-88

scanning confocal microscopy

— fluorescent nanodiamonds 451,
462-464

— integrated optical structures and
microstructures 339, 340

scanning electron microscopy (SEM) 41

— diamond optics 115, 116, 122-125, 136

Index

— integrated optical structures and
microstructures 324-326, 331, 335,
339-341

— laser micro- and nanoprocessing of
diamond materials 421, 422

— n-type doping 178, 179

— polishing and shaping 82

scanning near-field optical microscopy
(SNOM) 339

scanning probe microscopy 82

scatter 52-54, 270

scattering efficiency

— Brillioun 26

— Raman 18, 19

SCD, see single-crystal diamond

Schottky barrier diodes (SBD) 202, 203

Schottky-pn diodes (SPND) 202, 203

secondary ion mass spectrometry (SIMS)

— integrated optical structures and
microstructures 333

— n-type doping 181, 182, 192, 193

secular approximation 283-285

self-focusing of laser beams 27, 414, 415

self-interstitial carbon 144

self-Raman lasers 261

Sellmeier formula 14

SEM, see scanning electron microscopy

semiconducting characteristics, see n-type
doping; nitrogen-vacancy color centers;
p-type doping; surface doping

semiconductor disk lasers

— basic principles  360-362

— future directions 368, 369

— intracavity and extracavity applications of
diamond 363-368

— quantum well 363

— strategies for thermal management
362-368

— thermal management using diamond
353-356, 360-369

— wavelength diversity 367, 368

sensing 311-313, see also remote sensing

shaping techniques 73, 98, 99, see also
polishing and shaping

Shockley—Read—Hall-type recombination
201

shuffle set 145

signal-to-noise ratio (SNR) 451

SIL, see solid immersion lenses

silicon oxide 133

silicon Raman lasers 246-247, 250

silicon wafers 318

silicone oil 87

silver—diamond composites 375
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SIMS, see secondary ion mass spectrometry

single-crystal diamond (SCD)

— applications 35, 36, 61-63

— diamond optics 111, 117, 118, 132, 134

— fabrication techniques 323-327,
339-342

— fracture strength 57

— integrated optical structures and
microstructures 311, 318, 319, 321-335,
339-342

— laser micro- and nanoprocessing of

diamond materials 385, 386, 391,
409-411
— lift-off/out methods 322-324, 328-329
— microcavities  333-335

— morphology and texture 42, 43

— optical waveguiding 327-330

— polishing and shaping 71-107

— principles of diamond growth 38, 39

— Raman lasers 242

— scattering and depolarization losses
52-54

— strain-induced birefringence 49-52

— surface doping  214-218, 221, 223-226

— surface emission  330-333

— thermal management using diamond
356, 360, 376

single particle tracking 464-465

single-photon generation 311, 313-316,
342

single-point diamond turning tools 119

single quantum systems 277

sintered diamond materials 75, 87

slab lasers 355

slot waveguides 317, 318

slow speed diamond-diamond sliding
92-95

SNOM, see scanning near-field optical
microscopy

SNR, see signal-to-noise ratio

solid immersion lenses (SIL)
331

solid-state quantum technologies 164

spin-flip relaxation time 156-158

spin-selective optical excitations 278

spin-spin relaxation time 157, 158

SPND, see Schottky-pn diodes

SRS, see stimulated Raman scattering

steady-state Raman gain coefficient, see
Raman gain coefficient

STED, see stimulated emission depletion

sterilization applications 200, 205

stimulated emission depletion (STED)
microscopy 463, 464

61, 62, 330,

stimulated Raman scattering (SRS)

— gain coefficient 24, 25, 247-254

— Raman lasers 239, 241, 242, 243-245,
248, 249, 263

strain-induced birefringence 49-52

strength characteristics 56-59, 87, 110,
111, 354

stress fracture 256

structured geometries 101, 102

sub-mounts for lasers 355, 363, 367,
369-371

subsurface damage 84

subwavelength gratings 122-124

sulfur-doping 178

super-resolution fluorescence microscopy
445, 463, 464

surface doping 209-238

— annealing techniques for formation of NV
centers 220, 221, 223-225

— band bending model 210, 212-216, 225

— creation of GR1 vs. ND1 vacancies 220,
221, 223

— depth of NV centers 216, 217

— fluorescent nanodiamonds 220, 228,
231-235

— fluorinated nanodiamonds 228, 229, 235,
236

— formation of variously charged NV centers
217-222

— interactions with charged polymers
231-235

— introduction of vacancies to diamond
lattice  220-222

— irradiation strategies 220-222

— nitrogen-vacancy color centers 209-236

— photoluminescence 211, 212, 215-218,
220-222

— quenching of NV-luminescence 226-228

— size dependence of NV luminescence
229-231

— surface functional changes on
luminescence 216-218

— surface and size effects 228-231

— theoretical considerations 212

— transfection monitoring by nanodiamond
carriers  232-235

— transfer doping 210, 212, 225-236

surface finishing 110, 113-115, 117, 122,
123, 128

surface graphitization of diamond 388-394

— diamond laser processing techniques
424, 425

— experimental data  389-394

— laser ablation 395, 404, 405



— mechanisms 388, 389

— threshold conditions 410, 411

surface-related effects of NV color centers
168

surface structuring 428-431

surface topologies 112

synchronously pumped mode-locked lasers
262, 263

t

TEM, see transmission electron microscopy

temperature dependent properties

— lattice absorption 8,9

— n-type doping  183-185

— Raman lasers  254-256

— Raman scattering 22, 23

— refractive index 14-16

— UV edge absorption 12, 13

tensile strength 354

terahertz windows 48

texture evolution 42, 43

thermal annealing 396

thermal conductivity

— CVD diamond 54, 55, 62, 63

— diamond optics 110

— laser micro- and nanoprocessing of
diamond materials 385-387

— polishing and shaping 71

— Raman lasers 268

— thermal management using diamond
354, 365-367

thermal expansion 80, 246-247, 255, 256,
268, 354

thermal lens strength 255

thermal lensing 254, 255, 269, 353, 354

thermal management using diamond
353-384

— advantages of diamond 354

— diamond LEDs 376

— diamond sub-mounts for lasers
367, 369-371

— direct exploitation of diamond for laser
gain 356, 357, 377, 378

— doped-dielectric disk lasers
361, 369-374, 377

— exploiting extreme properties of diamond
357-360

— extracavity applications of diamond
357-360, 363-367

— future directions 368, 369, 374, 376-378

— intracavity applications of diamond 355,
356, 357-360, 363-368, 371-374, 377

—lasers 353-374

— light-emitting diodes

355, 363,

353-355, 360,

353, 354, 375, 376

Index

— material requirements for intracavity
applications 360

— monolithic structures and GaN epitaxy on
diamond 376

— requirement for 353, 354

— semiconductor disk lasers
360-369

— thermal conductivity and rigidity 354

— thinned device approach 355, 362-363,
365-370, 372-374

— wavelength diversity 367-368

thermal resistance 55, 56, 60, 61

thermal stress fracture 256

thermally induced stress birefringence 255,
256, 268

thermomechanical polishing 126

thermo-optic coefficients

— comparison with other crystals

— diamond 15, 16, 254, 255, 354

thinned device approach 355, 362, 363,
365-370, 372-374

thorium fluoride 133

three-dimensional laser writing in diamond
414-419, 424-426, 435-437

three-partite entanglement 302, 303

time-resolved confocal imaging 462, 463

TIR, see total internal reflection

titanium-doped sapphire lasers
356, 394

Tm-doped lasers 239-240

TO, see transverse optical

Toffoli gates 281, 282, 296

total internal reflection (TIR)

TPE, see two-photon excited

transfection monitoring 232-235

transfer doping 210, 212, 225-236

353-356,

247

353, 354,

319, 328

— fluorescent nanodiamonds 220, 228,
231-235

— fluorinated nanodiamonds 228, 229,
235-236

— interactions with charged polymers
231-235

— quenching of NV-luminescence 226-228

— size dependence of NV luminescence
229-231

— surface and size effects 228-231

— transfection monitoring by nanodiamond
carriers  232-235

— variously terminated nanodiamonds
225-236

transient photoconductivity technique 406,
407

transition metal oxide Raman lasers
241, 246, 247, 249, 250, 260

240,
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transmission

— diamond optics 110, 111, 135

— infrared Raman lasers 264, 265

— lattice absorption 2, 3-11

— transmission spectra 2, 3

— UV edge absorption 2, 3, 11-13

transmission electron microscopy (TEM)

— fluorescent nanodiamonds  454-457

— integrated optical structures and
microstructures 322, 323, 325

— laser micro- and nanoprocessing of
diamond materials 391

— polishing and shaping 82

transverse optical (TO) phonons 188

transverse relaxation time 157, 158

tribological behavior of diamond 92-95

triboluminescence 88, 89, 102, 103

TRIM simulations 215, 217

trying rings 75, 76

tungsten carbide 95

twinned crystal 49, 50

two-dimensional photonic crystals
334, 337

two-phonon absorption 4-7

two-photon absorption 29, 30

two-photon excited (TPE) fluorescence
imaging 460-462

two-photon UV laser etching 119, 125, 266,
267

— see also nanoablation

333,

u

ultrafast coherent phonon spectroscopy 21

ultra-nanocrystalline diamond (UNCD)
films

— integrated optical structures and
microstructures 318, 319, 326, 336

— laser micro- and nanoprocessing of
diamond materials 386-387

ultraviolet 2-photon etching 119, 266, 267

— see also nanoablation

UNCD, see ultra-nanocrystalline

up-conversion fluorescent phosphors

UV edge absorption 2, 3, 11-13

UV-visible absorption spectra 45, 46

445

v
vacancies, see nitrogen-vacancy color centers;
surface doping

van der Drift model 40, 41

vaporization ablation 394, 395-402,
429-431

VECSEL, see vertical-external cavity surface
emitting lasers

Verdet constant 16

vertical-external cavity surface emitting
lasers (VECSEL) 262

w

Wallner lines 99

wavefront aberrations 112

waveguides, see integrated optical structures
and microstructures

wavelength division multiplexing 62

wear anisotropy 75-77, 79, 89, 94

wear debris 80, 81, 89, 90, 92, 94

Weibull modulus 57, 58

whispering gallery mode (WGM)

windows 110-112, 135

337

X

X-ray absorption 47, 48

X-ray diffraction 76, 77, 80, 81
X-ray reflectivity 135

X-ray topography 50, 52

4
Yb:KYW lasers

Yb:YAG lasers
Yb-doped lasers
Young’s modulus

373, 374
370-373
239-240

56, 57, 354

z

Z-scan technique 27, 28

zeoten 83,99

zero phonon line (ZPL)

— fluorescent nanodiamonds
457

— integrated optical structures and
microstructures 312, 314, 315, 334,
336

— nitrogen-vacancy color centers 151-153

— surface doping 211, 217, 225, 226,
230

zinc selenide 54, 60, 431

zinc sulfide 133

zone center phonons 17, 21, 24

ZPL, see zero phonon line

447, 451, 4506,



