
Index

1 dB compression point 462
1/f current noise 795
1/f noise 531, 729, 731
– GaN FETs 550
– density spectrum 557
– slope g of 557
1kBT current 660
2DEG, average position of 365
2kBT current 660
3 dB compression point 462

a
abrupt heterojunctions 651
absorption 8
– coefficient 7, 10, 205, 216, 217, 224, 733, 792
– process 8, 172, 197, 204, 206
– rate 216
access regions 421
activation energy 317, 514, 795
– characteristic 324
– degradation 317
advanced design system (ADS) 447
aggregation 144
aging test results 322
Airy function 365
AlGaN detectors 801
– heterojunction 796
AlGaN/GaN
– HFETs 378, 463
– interface charge 378
– modulation-doped field effect

transistor 354
– MQW photodetectors 806
– sheet charge calculation 672
AlGaN/GaN interface charge 378
AlGaN Schottky barrier photodiodes 780
– spectral response of 780

AlInN/AlN/GaN 2DEG channel 606, 607,
608

AlInN barrier 606
all-dielectric mirror cavity 302
ambipolar diffusion coefficient 744
amplifier classification 458
analytical device modeling 419
angled sidewall 22
anharmonic interaction(s) 581, 582, 587
anharmonic lifetime 603
anharmonic phonon decay 582
anomalies 497
anomalous gain 786
– characteristics 498
apparent activation energy 514
apparent capture cross section 514
applied bias 719
areal thermal generation-recombination 731
areal trap density 506
Arrhenius plot 619, 620
– mean time failure 620
atmospheric detection range 751
atmospheric layers 747
atmospheric transmission 748
– UV transmission 748
atomic nuclei 539
Auger recombination processes 76, 78, 79,

249
– coefficient 76, 77
– rate 80
available noise power 535
available power gain (GA) 412, 413
avalanche breakdown voltage 486
avalanche coefficients 537
avalanche ionization 621
avalanche multiplication 811
avalanche noise 536
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avalanche photodetectors 810, 811
avalanche photodiodes (APDs) 717
average velocity 650

b
backlight configuration 117
bactericidal action 711
ballistic transport 651
bandgap narrowing 654
bandgap reduction 238
bandgap renormalization 237, 238, 261
band structure 392, 393
band tails 68
band-to-band radiative recombination 80
barrier height 642
barrier lowering process
– Poole–Frenkel effect 519, 520
barrier states
– current anomalies effect 509
base-collector 637
base transit time 648, 650, 654, 655
beam intensity 202
biaxial strain 242, 243
bipolar transistors 662
– noise 662
blackbody emissivity 755
blackbody radiator 535
black dots 325
Bloch functions 221
blue phosphors 110
Bohr radius 238
Bose–Einstein condensation 308, 309
boundary conditions
– HBTs 642
Bragg reflectors 55, 295
breakdown voltage 487, 494, 665
– gate length dependency 491
bremsstrahlung 539
brightness 28
broadening factor 228, 260
broadening process 237, 238
bulk current 790
bulk degradation 324
bulk polaritons 312
BYY approach 101

c
capture cross section of the trap 514
capture/emission processes 511
– balance of 511
capture of electrons 507
carbon contamination 321
carbon layers 322
carbon mapping 323

carrier confinement 213, 215
carrier degeneracy 595
carrier-density fluctuation model 557
carrier diffusion model 670
carrier-launching ramp 651
carrier leakage 76
carrier overflow 265
carrier recombination 253
– lifetime 263, 720
carrier transit time 787
case temperature 572
catastrophic failure 616
cavity length 280
cavity losses 278
cavity mode(s) 194, 199, 201
– dispersion 310
cavity photon effective mass 296
cavity polaritons 312
cavity thickness 295
CCD 760, 761
– CD-Rom (CD read only memory) 170
CD-Rom player 171
Cerenkov processes 610
channel potential 371
channel resistance (RC) 424
– delay time constant 455
– subcircuit 432
– time constant 723
channel temperature 618
characteristic temperature 273, 275, 323, 325,

326
characteristic time 731, 795
– constant(s) 731
charge-transfer excitons (CTE) 143, 145
charge transport 132
charged trap 503
charging delay plot 455
chromaticity color coordinates 30, 31
chromaticity diagram 31, 90
cladding layers 11
classical radius 551
coherence parameter 551
coherent quantum 1/f effect 540
coherent quantum 1/f noise 554
– spectrum 551
coherent regime 652
cold cathode fluorescent light bulbs 120
cold conditions 424
collapse-free operation 569
collector-common-emitter output I-V

characteristics 671
collector-emitter offset voltage 646
collector transit time 658
colloids 112
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color matching functions 31
color-mixing efficiency 29
color rendering index (CRI) 42, 88, 89, 95, 98
– general 88, 89
– special 88
color temperature 30, 31
collisions mean free path 813
Combining LEDs and Phosphor(s) 100
Commission Internationale de l�Éclairage

(CIE) 27
common-base I-V characteristics 669
common-emitter current gain 644
compact disk (CD) 170
compact disk read only memory (CD-ROM),

player 170, 171
compositional fluctuations 253
compositional gradient 654
compositional grading 653, 654
compositional strain inhomogeneities 252
computational method 747
– plexus 747
conditional stability 416
conduction band discontinuity 639
conduction band edge 390, 396
conduction band profile 364
Cones 23, 24
confinement factor 186, 190, 194, 195, 260,

301
contact degradation 324
continuity equation 4, 718, 736
contrast parameter 256
conventional quantum 1/f 554
– coefficient 551
– effect 538
– noise 552
– noise parameter 550
– noise spectrum 551
coordinate diagram configuration 507
coplanar waveguides (CPW) 408
– conductor-backed 409
correlated color temperature (CCT) 32, 88,

89, 95, 104
correlation coefficient 544, 560, 664
Coulomb effect(s) 235, 250
Coulomb hole contribution 237, 238
Coulombic interaction 237, 248, 252
Coulombic processes 247
Coulombic-type trap 517
Coulomb interaction 249
Coulomb potential 541
critical angle 8, 181
– loss 8
critical loss efficiency 8
cross-correlation spectrum 547

cross talk 327
cumulative conventional quantum 1/f

coefficient 553
cumulative failure rates 619
current collapse 497, 498, 508, 525, 526,

528
current confinement structure 302
current crowding 11
current density equations 718
current dependent spectra 67
current gain cutoff frequency 417, 454, 456,

473, 638
current gain(s) 643, 659, 661, 663
– DC current gain 663
– forward/reverse 643
– high currents 661
current lag 498, 499, 500, 528, 565
– buffer traps effect 500
current noise spectrum 547
current/power gains 471
current response 718
current-spreading length 13
current transport mechanism 639, 648
– across base 648
– across heterojunction 639
Curtice-cubic model 439, 441, 448
Cutoff frequency 454

d
dark conductivity 738
dark current(s) 778, 790, 793, 812
– density 766
dark lines 325
– defects (DLDs) 319
dark resistance 782
data transfer rate 172
Davydov splitting 136, 144
de Broglie wavelength 642
Debye model 583
decorative lighting 83
deembedding 417
deep UV radiation/detection 744
defect-assisted tunneling processes 778, 784
defect mapping 520
degeneracy effects 631
degradation 70
degradation rate 317, 324
delay time 265
density-of-states 200, 222, 223, 225
– 1D 223
– 2D 223, 232
– joint 224, 225
depletion layer 640
– width 732
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detectivity 738, 739, 741, 817
– background radiation limited case 741
– thermal noise 803
detector dark current 732
detector resistance 719
determinant 416
dielectric function, complex 181
differential gain 263
differential push-pull 328
differential quantum efficiency 267
differential resistance 730, 803
diffusion coefficients 718
diffusion constants 724
diffusion current 723
diffusion fluctuation 543
diffusion length 724
diffusion limit 652
diffusion-limited diode 723
diffusion model 642
direct-bandgap semiconductor
– optical transitions 209
direct tunneling 510
dispersion relation 199
– upper/lower polaritons 311
dispersion/temperature effects 447
distributed Bragg reflectors (DBRs) 55, 295,

297
– crack-free 297
– mirror 297, 300
– penetration depth 296
– reflectivity 297, 300
distributed losses 196
doping graded base 639
doping induced grading 653
double-heterojunction bipolar

transistors 641
downward transitions rate 197, 203, 211
drain breakdown voltage 459, 483, 491
drain current 372, 373, 397
– fluctuation 552
– lag 567
– transient(s) 515, 516, 522, 523
drain delay time 455
drain delay plot 456
drain efficiency 480, 498
drain feedback capacitance 561
drain saturation current 374
drain short-circuit noise current 561
drain-to-gate feedback capacitance 457
drain-voltage 483
drifting nonequilibrium phonons 594
drift velocity 600
DVD 170
DVD-ROM drives 170

DX centers 498
dynamic polarization 577
dynamic resistance 800, 803

e
early (infant) failure 614
Ebers-Moll equations 644
Ebers-Moll model 644
effect of threading Dislocation 57
effective carrier velocity 580
effective diffusion coefficient 654
effective electron drift velocity 579
effective intrinsic carrier concentration 654
effective length 296
effective mass 209, 222
– approximation 358
– density-of-states 222
– electron 209
– hole 209
effective temperature 548
effective transit time 429
efficiency 7, 460, 736, 737
– degradation 76
– droop 76, 81
eigenenergy/wave function 364
eigenvalues 365
Einstein�s coefficient 197, 203, 211, 218,

221
– A coefficient 203, 211, 221
– B coefficient 198, 220
elastic constants 377
elastic stiffness tensor 367
electrical displacement 361, 367
electric field 362, 365, 373
– saturation point 373
electric field distribution 614, 615
electric power dissipation paths 631
electrical efficiency 28, 104
electroluminescent devices 62
electromagnetic energy 198
– energy density 200
– volume density 198
electromagnetic radiation 539
electromagnetic wave, intensity of 204
electromechanical coupling 366
electron-blocking layer 326
electron concentration 232
electron density distribution(s) 391, 392, 393,

396
electron diffusion current 724, 725
electron distribution 360, 364
electron-electron interaction 249
electron emission 519
electron energy relaxation time 633
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electron-hole pairs 641
electronic noise 531, 545
electron mobility 353, 791
electron occupancy 229
– factor 226
electron-phonon coupling 592, 629
electron sheet charge 369
electron temperature 595
electron transport 353
electron transport layer (ETL) 126, 127, 131
electron tunneling, gate to surface 624
electron velocity-field characteristics 596
electron velocity overshoot 657, 658
electrothermal simulations 448
electrothermal subcircuit 449
emission coefficient 513
emission processes 204, 205
emission rate 217, 520
emitter–base junction 637
emitter current crowding effect 662
emitter injection efficiency 667
empirical methods 419
end loss 267
energy balance 202
energy-dependent capture cross section 555
energy relaxation time 543, 632
energy temperature 535
energy transport fundamentals 132
epitaxial lateral overgrowth (ELO) 270, 273
equilibrium phonon population 632
equivalent circuit models 417
– cold condition at low frequency 426
– zero gate bias cold condition at high

frequency 426
equivalent noise conductance 559
equivalent noise current source 544
equivalent noise resistance 546, 559
equivalent noise temperature 535, 542
etched facet (mirror) technology 332, 333
– lasers 333
excess carrier lifetime 719
excess electron concentration 773
excess hole concentration 723
excess noise 732
exciton oscillator strength 309
exciton phase-space filling density 247
exciton polariton dispersion 310
excitons pathways 246
expectation value, energy 366
expected two dimensional electron gas (2DEG)

position 366
extended line configuration 404
extended states 255
external noise source 549

external quantum efficiency (EQE) 29, 44, 81,
267, 733

extraction efficiency 28, 106
extraordinary refractive index 176
extreme-ultraviolet 709
extrinsic capacitance elements 425
extrinsic parameters 424
extrinsic resistances 428
extrinsic transconductance 375
eye diagrams 327

f
Fabry–Perot frequency 296
facet damage 319
facets coating delamination 324
far-field pattern 191, 193, 195
far-ultraviolet 709
fast Fourier transform (FFT) 739
Fe doping 633
feedback capacitance 454
feedback resistances 432
Fermi�s golden rule 218
Fermi-Dirac distribution function 228, 360
Fermi-Dirac statistics 210
fiber-optic communications 3
field effect transistors (FET) degradation 612
field-assisted emission 516
field distribution 192
field emission Auger electron

spectroscopy 322
field emission scanning electron microscope

(FESEM) 322
field plates (FPs) 351, 464, 475, 485, 494, 495,

613, 621
figure of merit 722
filter loss 755
fine structure constant 540
finesse 306
finite element analysis (FEA) 571
flat panel displays 62
flicker characteristics 554
– external quantum efficiency 45
flicker noise 732
flip-chip LED external quantum efficiency 45
flip chip LED (FCLED) 17, 44
flip-chip mount LEd 46
flip chip-mounted heterojunction field effect

transistors (HFET) 465
floating base phototransistor 809
focal plane arrays (FPAs) 714, 816
Fock space 540
focused ion beam 333
forward voltage transfer ratio 403
four-LED chips 91
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– approach 98
four-level system 208
Fröhlich coupling 592, 604, 609
fractional quantum 1/f fluctuation 552
Franck-Condon (FC) shift 501, 506
Franck-Condon correction 502
Franck-Condon principle 141
Frenkel excitons 136
frequency-dependent noise 542
Fresnel loss 8
fudging parameter 554
full channel conductance 372
fundamental 1/f noise 538

g
gain 175, 203, 205, 211, 236, 262, 263, 264,

401, 480
– absorption spectrum 285
– avalanche photodiode 812
– broadening 238
– expression 229
– spectra 280, 284, 285
gain calculations 241
– Wz GaN Q wells with strain 241
– Wz Q wells without strain 241
gain coefficient 204, 233, 263, 284, 285
Gain in GaN photoconductive detector 770
gain in ZB Q wells, with strain 245
gain in ZB Q wells, without strain 244
gain measurement 257, 261
– electrical injection 261
– optical pumping 258
GaInNAs quaternary infrared lasers 312
GaN-based lasers 327
– applications of 327
GaN HFET reliability 619
GaN HFETs performance 465
GaN MSM photodiodes 785, 787
– responsivity dependence on bias 785
– time response of 787
GaN photoconductive detector gain 770
GaN photoconductor 771, 792
– responsivity of 771
– spectral response of 792
GaN quantum wells gain 241
gated transmission line measurement

(GTLM) 527
gate filling pulses 516
gate lag 499
gate leakage current 488, 490, 623
– dependence on gate length 492
– paths 623
gate leakage reduction 563
gate-source capacitance 454, 457

Geiger mode 758, 812
gen III photodiode arrays 759
generation rate expression 719, 727, 731, 743
generation-recombination (G-R) 718
– centers 729
– current 727
– noise 531, 533, 729, 731
generator reflection coefficient 548
graded base 639
green gap 86
green phosphors 110
group refractive index 201
Grüneisen�s constant 587
Grüneisen�s parameter 589
guidance condition 183

h
H-aggregate 144
h-parameters 402
Hakki–Paoli method 281
half-wave plate 328
Hamiltonian 365
– operator 218
– interaction 218, 220
Handel�s quantum 1/f cross-correlations

552
harmonic condition 220
heterojunction bipolar transistor (HBT) 352,

637 649, 658
– delay time 649
– fundamentals 638
– Gummel plot 670
– nitride-based 665
heat dissipation 570
heat removal 269, 577
heat sink 576
Henry approach 284
heterointerface charge 356
heterojunction bipolar transistor 635, 636
heterojunction field effect transistors

(HFETs) 349, 352, 369
– AlGaN/InGaN 380
– analytical description 369
– GaN/InGaN channel 375
– InAlN barrier 609
– InAlN/GaN 382
– InAlN/InGaN 384
– InGaN channel 609
– insulating gate 570
– large-signal 464
– small-signal 464
heterojunction field effect transistors (HFET)

amplifier 457
– class A amplifier 457
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– class AB amplifier 458
– class B amplifier 458
– class C amplifier 459
– class E amplifier 459
– efficiency 457
heterojunction phototransistor(s), 808, 809
higher lying triplet state 138
highest occupied molecular orbital

(HOMO) 126, 136
high-forward gate current test (HFGC) 617
high-frequency equivalent circuit 421
high-frequency noise 541, 558
high-resistivity GaN 633
high-resolution lattice images 319
high-temperature operating life test (HTOL)

617
highly accelerated stress test (HAST) 617
High-temperature reverse-bias test

(HTRB) 617
High-temperature storage test (HTS) 617
hole concentration 233
hole diffusion current 724, 725
hole injection 640
hole mobility 791
hole occupancy 229
– factor 226
hole-transporting molecules (HTMs) 131
hole transport layer (HTL) 125, 127
holographic optical element 328
Hooge parameter 554, 556, 732
– aH 551
– aK 554
hopping conductivity 732
hot carrier relaxation 596
hot electron energy relaxation time 605,

606
hot electron fluctuations 542
hot electron noise 541, 542
– temperature 535, 542
hot electrons 531, 578
hot field effect transistors operating

conditions 429
hot modeling 423
hot optical phonon 578
hot phonon lifetime 588, 607
– dependence on electron concentration 593
hot phonons 578, 579, 629, 631
– depopulation 582
– effects 577
– implications for FETs 593
– induced friction 603
– phonon temperature 598, 599, 607, 632
– population 632
hot UV-emitting object 756

i
IC-CAP 447
ideality factor 660
IG vs.VG 623
impact ionization 508
– current 641
impedance matrix 401
impulse response technique 657
InAlGaNS SQW laser 292, 293
– L-I curve 293
– spectrum for 293
In/AlGaN 53
InAlN barriers 611
In in AlGaN 53
incident power 718
incremental (differential) diode resistance

721
inductances 428
infant failure 616
infrared catastrophe 539
inhomogeneities 286
injection efficiency 265
injection lasers analysis 263
in-plane strain 377, 381, 386
in-plane wave vector 296
interface charge 383, 385, 370
– due to dopants 380
interfacial trapping 779
internal conversion, OLEDs 143
internal loss 194, 267
internal photogenerated charge profile

733
internal quantum efficiency (IQE) 28, 81,

104, 267
International Commission on Illumination

(CIE) 27
intervalley scattering 542, 652
intrinsic capacitances 429
intrinsic delay time 454
intrinsic part 421
intrinsic resistances 429
ionization coefficient(s) 492, 665, 813
ionized donor states 499
isothermal current 450
isothermal model 450
I-V characteristics numerical calculations

398

j
J-aggregates 144
Johnson-Nyquist noise 531, 534, 664, 714,

729, 730, 817
joint density of states (JDOS) 175, 233
junction temperature 460, 570, 571, 575
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k
Kelvin probe 520, 521
kink, I-V characterstics 498
Kirk effect 661
Klemens� channel(s) 582, 583, 590,

592
Klemens phonon decay 585
knee voltage 459

l
Lambartian design 19
landscape lighting 83
large signal characteristics 473, 475
large-signal equivalent circuit model 434,

437, 438, 453
– HFET 438
laser annealing(LA) phonon group velocity

591
laser degradation 315
laser evolution 330
laser holography 21
lasers principles 172
LASIMO 447
lattice coordination diagram 498
lattice distorting defects 498
layer laser structure 272
leakage current 326, 729, 742
leakage resistances 779
lifetime 265, 279, 288
– anharmonic 603
– broadening 296
– excess carrier 719
– laser diode 316
– minority carrier 724, 791
– recombination 263, 264, 266, 720
light box 97
light emission 621
– gate edge 621
– OLEDs 139
light-emitting diodes (LEDs) 2, 3
– Amber 47
– blue 40
– degradation 70
– efficiency 76
– fiber-optic 3
– four-chip white light 17, 46, 97
– green 40
– laser 114
– monochrome applications 2, 82
– sapphire substrates 38
– Si substrates 60, 61
– SiC substrates 60
– organic/polymeric 122
– phosphor conversion 33

– photon-recycling semiconductor
(PRS-LEDs) 111, 113

– resonant cavity-enhanced 55
– superradiant devices 3
– surface emitters 3
– thin-film 19
thin-film flip-chip (TFFC) 84
– three-chip white-light 91, 94
– two 93
– utilizing rare earth transitions 61
– UV 48, 53
white light from Four-Chip 97
light-emitting polymers (LEPs) 52
light receptors 22
light-voltage vs. current characteristics 274
lightly doped collector 636
line broadening 236
line, reflect, reflect, match (LRRM) 409
linewidth broadening 228, 249, 591
LINMIC design suite 447
liquid crystal display (LCD) 116, 117
– TVs 119
load line 462
load resistance 787
localization effects 66, 67
localized states 246, 251, 252, 253, 255,

732
localized states pathways 246
longevity performance 613
longitudinal-mode spacing 196
longitudinal optical (LO) 542
– phonon absorption 542
– phonon decay channels 584
– phonon decay mechanism 593
– phonon population 586
– phonons 578
– phonon to LA phonon decay 571
Lorentzian spectrum 795
losses 7
loss modes 194
low-energy X-ray spectral region 709
lowest unoccupied molecular orbital

(LUMO) 126, 136
low-frequency noise (1/f noise) 531, 537,

714
low-noise amplifiers (LNAs) 478
low-pass filter 731
luminance 28
luminescence conversion 85
luminous efficacy 26, 29, 98, 104
luminous efficiency 28, 45
luminous energy 28
luminous flux 28
luminous intensity 28
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m
matched gain 415
Materka–Kacprzak model 441
matrix element 218
Maury load-pull system 496
maximum available gain 415
maximum electron drift velocity 608
maximum gain 231
maximum luminous efficacy of radiation 29
maximum oscillation frequency 456, 638
maximum power conditions 415
maximum stable gain (MSG) 416
maximum transconductance 374
mean power dissipation 596
mean square photocurrent 731
mean thermal velocity 642
mean time to failure (MTTF) 288, 619
mechanical, electrical, and thermal energies

pathways 630
metal-semiconductor-metal (MSM) 717, 782,

788
– AlGaN photodiodes 785
– detector 783
– frequency domain response 788
– GaN detectors 783
– photodetector 784
– time domain response of 788
metal-oxide semiconductor FET

(MOSFET) 349
metal-semiconductor field effect transistors

(MESFET) 349
microcavity (MC) lasers 295
microchannel plate (MCP) 758, 761
microplasma breakdown 811
mid-ultraviolet 709
mini disk 328
minimum noise figure 476, 548, 559, 562
minority carrier injection 638
mirror reflectivity 295
mobility fluctuation model 557
mobility fluctuation theory 732
modal gain 281–283
modes 200, 201
– density 200
– hopping 287, 288
– number of 200, 201
– spacing 280
MODFET 350
momentum matrix element 231
momentum operator 230
momentum relaxation time 543
momentum vector 200
MonteCarlo calculation(s) 580, 593, 594, 600,

602, 603, 632, 633

Monte Carlo environment 587
Monte Carlo method 579, 594
Monte Carlo model 601
Monte Carlo simulation 543, 589, 594, 595,

596, 606, 607, 608, 609, 631, 657
multichip SSL-LEDs 92
multiple defects 319, 320, 321
multiplication factor 537
Munsell samples spectra 89

n
National Institute of Standards and Technology

(NIST) 409
near/far-field patterns 22
near-ultraviolet 709
net modal gain 263
neurotransmitter 25
NIST TRL 409
nitride-based detectors 767
– back-illuminated 717
nitride LED light emission, its genesis 64
nitride LED performance 37
noise bandwidth 817
noise, circuit description of 545
noise current source 545, 663
noise detectors 729
noise equivalent circuit 544, 546, 663
– BJT 663
noise equivalent irradiance (NEI) 816, 817
– solar blind dedetector 818
noise equivalent power (NEP) 738, 739, 777,

798
– background radiation limited case 741
– in shot noise dominated detector 740
noise figure 482, 546, 547
noise-matching conditions 547, 548
noise measurements under forward bias 795
noise measurements under illumination 796
noise power 793
– unit band 535
noise spectra 537, 793
noise spectral density 798
noise temperature 605
noise-to-signal ratio 546
noise under reverse bias 793
noise voltage source 545
noisy admittance 545
noisy impedance 545
nonequilibrium phonons 587
– distribution 594
– populations 588
nonequilibrium trapped charge 513
nonfundamental 1/f noise 537, 538
non injected facet (NIF) 321, 324
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nonlinearities 436
nonradiative multiphonon (NMP) 507
nonradiative recombination 143
nonradiative recombination time 6
normalized responsivity 781, 782
npn bipolar transistor 640
numerical-aperture (NA) 172, 327
numerical gain calculations 239
Nyquist noise 531, 534, 729

o
occupancy fluctuations 555
occupation probability 198, 210
offset voltage 645
organic light emitting diodes (OLEDs) 124,

156
– degradation 156
– devices 146
displays 151
– lighting 155
– transparent (TOLEDs) 128
– white 147
open channel conductance 505
open-circuit noise voltage 544
open-circuit photovoltage 719, 721
open-loop configuration 117
operating gain 412
optical field (E field) distribution 186, 187,

188, 189, 191, 193
optical gain 196, 205, 260
– bulk GaN 239
– semiconductor approach 215
– spectra 260
optical generation rate (Gop) 731
optical head element 329
optical length 309
optical losses 279
optical power P(l) 767
optical recording densities 327
optical transition matrix 230
optimum DC load resistance 461
optimum generator reflection coefficient 548
optimum source resistance 559
ordinary refractive index 176
organic crystals 135
organic vapor-phase deposition 122
out-of-band rejection ratio 755
output I-V characteristics 375, 488
output noise equivalent noise

temperature 546
output noise spectrum 546
output power 474, 480
oxygen mapping 323
ozone layer 748

p
packaging 15, 110
parasitic capacitances 421, 428
parasitic resistances 426
passivation 529, 530, 563
passive display 153
pcLEDs 101, 103, 104, 107
peak gain 231
peak junction temperature 574, 618
peak voltage 621
Perception of Visible Light and Color 22
permittivity, tensor 367
persistent photoconductivity (PPC) 714, 774,

809
phase-change 327
phase trajectory 652
Phillips laboratory expert-assisted user

software (Plexus) 747
phonon-assisted tunneling 510
phonon decay 582
– channels 581
– time 581
phonon dephasing 582
phonon dispersion curves 583
phonon emission time 589, 597
phonon lifetimes 586, 589, 601
– dependence on electron concentration 601
phonon lifetime vs. electron density 604
phonon occupancy factor 597
phonon occupancy number 598, 813
phonon population 595
phonon relaxation time 597
phosphor conversion LED (pcLED) 33
photocathode 713
photoconductive 713
– detector 714, 719, 768
– gain 719
– lifetime 743
– response 769
photoconductor (PC) 719, 773
– quantum efficiency 733
– ultraviolet detectors 772
photocurrent 718, 719, 721, 816
– decay 774
– density 736
– time decay 799
photodetector 743
– bulk recombination 743
– surface recombination 743
photodiode arrays 815
photodiode structures 715
photoelectric current gain 719, 720
photogenerated current density 735
photoionization cross section 506
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photoionization energies 502
photoionization spectrum 502
photometry 27
photomultiplier tube (PMT) 709
– detectors 745
photon absorption profile 792
photon area 739
photon-assisted tunneling 256
photon conversion schemes 111
photon density 201
– per unit frequency 201
– per unit volume 201
photon energy 296, 718
– density 198, 199
– quanta 201
photon extraction efficiency 104
photon flux density 718
photon-generated carriers 735
photon-generated current density 736
photon-mitigated carbon deposition 321
photon mode density 200, 202
photonic crystal(s) 21, 47
photopic vision 26
photoreceptors 23
photoreflections 734
– internal 734
– surface 734
photoresponse 771
– evolution 771
photovoltage 721
photovoltaic detectors 775
– ultraviolet 772
p-bonds 135
piezoelectric charge(s) 381,386
piezoelectric coefficient(s) 253, 367
– tensor 367
Piezoelectric constants 377, 386
piezoelectric-induced fields 253
piezoelectric polarization 368, 376, 377, 387
pigmentation 711
pinch off voltage 372
p-i-n-junction detectors 789
planar cavity 296
planar defects 319
Planckian locus 31
Planckian spectrum 86
Planck–Nyquist formula 202, 203, 535
Planck�s blackbody radiationdistribution law

202
plasmons 603, 604
p-n-junction detector 720, 721, 734, 789
– detectivity 742
– noise 741
– quantum efficiency 734

p-n-junction diode 722
– equivalent circuit 722
Poisson�s equation 358, 361, 363, 504, 718
polar longitudinal optical (LO) phonons 578
polar optical phonon (POP) 601
polariton lasers 308
polarization vector 220
polarizing beam splitter 328
polyethylene terephthalate (PET) 129
poly(para-phenylene vinylene) 127
Poole–Frenkel constant 804
Poole–Frenkel effect 510
Poole–Frenkel emission 518
population inversion 203, 206, 207, 211
potential distribution 365
potentially unstable 416
potential spike 648
power-added efficiency (PAE) 460, 461, 480
power amplifiers 478
power available 413, 414
power dissipation 618
– by a hot electron 632
– by the LO phonons 597, 599
power gain 412, 413, 414
power, input-output 412
power-matching conditions 547
power performance 479
power spectrum 539
power vs. frequency 478
Poynting vector 220
preamplifier circuit noise 729, 817
premature degradation 322
pressure dependence of spectra 64
proposed gate-surface leakage current

mechanisms 624
pseudomorphic MODFET 351
pSpice (ORCAD) 447

q
quality (Q) factor 302, 306
quantum-confined stark shift 2
quantum deficit 104
quantum dots 66, 67, 112
quantum efficiency 267, 719, 733, 737
– definition 734, 735
– external 719, 734, 737
– internal 719, 737
quantum mechanical electron

tunneling 621
quantum 1/f coefficient 552
quantum 1/f noise 555
quantum size effects 111
quantum wells gain 231
quarter-wave Bragg reflector 301
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quarter-wave plate 329
quarter-wave stack 297
quasi-Fermi levels 209, 212, 645, 647
quasistationary eigenstates 312
quaternary 52
quiescent operating point 627

r
R0A product 722, 726
Rabi splitting 309
radiative current 262
– density 235
radiative linewidth 309
radiative recombination time 6
radiometry 27
Raman shift 573
random access memory (RAM) 171
random failure 614
– period 616
rare earth transitions 62
rate equation, semiconductors 210
rate of change in population 198, 206
Rayleigh–Ritz method 358
reciprocal (symmetric) nonlinear device 424
recombination coefficient 226
recombination cross section 551
recombination current 659
recombination process 80
recombination rate 264, 731
red-emitting phosphors 110
red phosphor 110
reduced effective DOS 234
reference impedance 411
reference plane 404
reflection coefficient(s) 196, 403, 404, 409,

410, 733
reflections 8
reflection spectra 300
refractive index 176, 178, 180
– AlGaN 176
– dispersion 178, 179, 201
– distributions 188, 189, 193
– GaN 176
– InGaN 180
relaxation rates 579
relaxation time approximation 543
reliability 617, 624, 629, 633
– gate current 624
– hot electron/hot phonon issues 629
– measurements 617
– metallurgical issues 628
– other issues 633
responsivity 738, 739, 793
retina 22, 23

reverse injection 641
reverse transfer ratio 404
reversible failure 616
red, green, and blue (RGB) all-LED array 117
RF input signal 621
RF output power 615
RF stress 621, 622
RGGB approach 100, 101
Richardson constant 642
Richardson velocity 647
ridge waveguide 276
Ridley decay 585
– channel 587
– processes 592, 593
Ridley�s anharmonic process 591
Ridley�s channel 583, 590
rods 23, 24, 26
Rollett stability factor 415
RRGGB approach 101
Rydberg energy 238

s
saturation current 742
– density 726
– HBT 643
saturation effects 258
scanning Kelvin probe microscopy

(SKPM) 522, 523
scattering angle 578
scattering efficiency 29
scattering matrix 405
scattering parameters 404
Schottky barrier height 370
Schottky photodiodes 776, 779
Schrodinger�s equation 358, 363, 365
scotopic vision 26
screened carrier exchange 238
screening length 238
self-heating 448, 631
semiconductor lasers, glossary of 208
semiconductors statistics 204
semi-isotropic continuum model 587
sheet carrier concentration 371
sheet charge and current numerical

modeling 389
sheet charge density 393, 397
sheet electron concentration 360
Shockley–Read–Hall (SRH) recombination

718
short-channel field effect transistors (FETs)

424
short-circuited current gain 417
short-circuit gate noise current 544
short-circuit noise source 560
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short-circuit photocurrent 718
short p-n-junction 724
short, open, load, and thru (SOLT) 406
shot noise 531, 532, 541, 664, 730
– dominated photodetector 740
SiC-based UV photodetectors 763, 764
– silicon-based 763
SiC photodiode 766
SiC polishing 468
– in H 468
– in HCl 468
sidewall deflector 22
s-bond 135
signal photon flux 817
– SiN passivation 528
signal-to-noise ratio 738
single-particle model 197
singlet fission OLEDs 143
Si read out IC 761
slope efficiency 325
slow electrons 652
small-signal equivalent circuit 420, 664
– HBT 664
– modeling 420
Snell�s law 8
solar-blind detector 800, 801
– array 799
solar-blind films 800
solar-blind region 710
solar-blind UV detectors 710
solar erythema 711
solar photons 753
– inevitable losses 754
– number 753
– unavoidable losses 754
solar radiation 749
– spectrum 749
– UV 746
solar UV photons reaching lower altitudes,

number of 749
SOLT (SOLR) 409
space charge current 727
space charge region (SCR) 720
– collector depletion region in spacer layer

392
space layer inserted 392
s-parameters 401, 402, 403, 405, 411
specific detectivity (D*) 712, 739
– generation-recombination-limited

case 740
spectral density 201, 552, 730
– conventional quantum 1/f fractional

fluctuations 551, 553
– function 731

spectral distribution 202
spectral gain 238, 239
spectral intensity 535
spectral noise densities 537
spectral power distribution 93
spectral response 789, 791
– back illuminated solar blind photodiode

801
– current 505
– measurement setup 767
– phototransistor 810
– solar-blind detectors 802
spectral steady-state responsivity 769
spectrally integrated gain 286
spectrum locus 31
spontaneous emission 172, 173, 197, 199,

204, 206, 210, 216
– factor 258
– lifetime 198
– rate 217, 218, 226, 227, 228, 235, 258
spontaneous polarization 367, 368, 376, 378,

380, 381, 383, 386
stacking sequence 319
state-filling process 255
states density 200, 221
Statz model 441
stimulated absorption 173, 198, 210
stimulated emission 173, 197, 198, 199, 203,

206, 210, 215, 216, 259
– process 202
– rate 217, 227, 228
Stokes shift 85, 86, 104, 110, 252
storage capacity 172
strain, tensor 367
stratospheric ozone 745, 747
stray capacitances 421
stress tensor 367
stress time-dependent Ids-Vds

characteristics 626
stress time-dependent IGS vs:Vds

characteristics 626
structure constant 540
substrate thermal conductivity 460
sudden failure 321, 613, 616, 634
superluminescent devices 3
superradiant devices 3
surface charging 525, 526
surface conduction model 625
surface current 790
surface donor states 357, 363
– density of 363
surface emitters 3
surface leakage current 728
surface potential 524, 525
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– transients 523
surface processing 620
surface recombination 660
– velocity 726, 791
surface states 362

t
TE-mode 181
temperature dependence 448
– coefficients 448, 665
– spectra 67
temperature distribution 574
temperature effects 453
temperature-humidity bias test (THB) 617
temperature noise model (TNM) 549
test set 408
T-gate GaN-based FET 470
thermal conductivity 572, 577
thermal dissipation 572
thermal emission rate 513
thermal generation rate (Gth) 731
thermal ionization 506
thermal management 582
thermal noise 531, 534, 541, 548, 729
– current 536, 537
– limited detectivity 740, 797
– mean square value 536
– power 536
– voltage 536, 537
thermal resistance 315, 575, 618
thermal velocity 651
thermal wall 570
thermionic diffusion theory 646
thermionic emission current 642
thermionic emission model 647
thermoluminescence (TL) 131
thin-film flip-chip 84
thin film LED 19
thin-film transistor (TFT) 123
third-order intermodulation 475
three-color approach 92
three-LED solution 93
three-level system 207
three temperature life test data 619
threshold condition 194
threshold current 262
– density 206, 264
threshold gain 196, 205
threshold modes 194
threshold voltage 371
through, reflect, and line (TRL) 406
time-resolved Raman investigations 586
time response 798
top-emitting diode 46

total delay time 455
total efficacy 30
total junction current 726
total loss 194
total piezo-induced charge 387
total reflection 8
total sheet carrier density 394, 395
traffic light 82
transconductance 374, 429
– dispersion 498
transducer power gain (GT) 412, 413, 414
transfer matrix 401
transfer probability 141
transient current 517
transient simulation 508
transition rates, per unit volume 210
transit time 454, 656
transmission line matrix 656
transparency carrier concentration 260, 263
transparency condition 211
transparency current 264
transparency onset 175
transparent electrode 12
transport factor, forward/reverse 643
trap emission rate 512
trapped charge 515
trapping centers 499
trap-to-trap hopping mechanism 621, 622
triangular potential barrier 365
triangular well 369
trichromatic color-mixing approach 94, 106
tricolor phosphors 86
triphosphor blend 108, 109
– blue emission spectra 109
– UV emission spectra 109
triplet dynamics 140
tris-(8-hydroxyquinoline) aluminum (Alq3)

125, 126
tristimulus values 31
TRL (LRL) 409
TRM (LRM) 409
tunneling current 728
tunnel junction 14
tunnel leakage 625
two-dimensional electron gas 350
two-level system 207
two-piece model 373
two-port network 401, 402, 403, 405, 406

u
ultraviolet catastrophe 536
unconditional stability 416
uniaxial tensile strains 242, 243
unilateral gain, GTU 414, 415
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unitary amplifier 415
unity power gain frequency 456
unity step function (heavy side function) 553
universal intrinsic circuit 443
upward transition rate 197, 203, 211
UV absorption 747
UV imagers 814
UV photodetectors 762
– Si-based 762
– SiC-based 762
UV sensor optical aperture 755
UV sensors 709, 745
– available 757
– generation I (gen I) 709, 745
– generation II (gen II) 709, 745, 758
– generation III (gen III) 709, 745, 758,

759
– misalignment 756
– practical detection ranges 756
UV solar-blind detectors, design

requirements 759
UV spectra 711
– UVA spectra 711
– UVB spectra 711
UV-visible contrast 768

v
vacuum fluorescent displays 124
valence band discontinuity 639
Vallee–Bogani channel 583
vector potential 220
velocity field characteristics 581
velocity-field curves, several electron

densities 602
velocity-field relationship 373
velocity fluctuations 544
velocity measurements 580

vertical cavity surface-emitting laser 301
virtual gate 529, 621, 624
visible-light terminology 27
vitamin synthesis 711
voltage noise spectrum 547
voltage response 718
V-shaped defects 319

w
wall-plug efficiency (power efficiency) 28,

106
wave equation 199
wave function 365
wave guiding 175
– analytical treatment 180
– modes 183
– numerical solution 184
– problem 180
wearout failure 614, 616
white-light generation 85, 91
– application 114
– approaches 91
– history 114
white noise 731
Wiener–Khinchine theorem 533

y
y-matrix 423
y-parameters 422, 423, 424, 425, 432
yttrium aluminum garnet (YAG) 90, 101

z
zero-bias resistance 804
– area product 797
zero resistance 726
zone-center LO phonon frequency 578
zone-center optical phonons 590
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