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Index

a
accumulation layer 116
active region 4, 92
adiabatic elimination 17
– of atomic polarization 189
all-optical memory element 257
all-optical signal processing 246
all-to-all coupling 246
amplitude noise 203
amplitude–phase coupling 274
arbitrary phase 140
asymmetry parameter 47
asymptotic analysis 21, 144, 327
asymptotically stable 304
attractor 167, 271, 285, 287, 319
auger scattering 5, 6, 20
autocorrelation function 220

b
back injection 224
backward wave oscillators 131
bandpass filter 321
Bernoulli network 337, 347
Bernoulli units 335–337, 345, 346
bidirectional coupling 334, 336, 339
bidirectional transmission 239
bifurcation
– Andronov–Hopf 82, 83, 119, 145, 166,

170, 175, 189, 206, 255, 283, 324, 330
– Bogdanov–takens 165
– codimension-three 176
– codimension-two 167
– of limit cycles 263
– homoclinic loop 166, 176, 305, 306
– Hopf bifurcation bridge 64
– Hopf–Hopf bifurcation point 171
– inverse Andronov–Hopf 191
– inverse period-doubling 261

– Neimark–Sacker 203, 205, 210
– period doubling cascade 79
– period-doubling bifurcation 258, 319
– pitchfork 272
– saddle-node bifurcation 166, 169, 175, 191,

255
– saddle-node bifurcation of limit

cycles 166, 172, 175, 260
– saddle transition of Hopf curves 177
– stochastic d-bifurcation 271, 279, 280, 283
– torus bifurcation 83, 259
– transcritical 166, 169, 205, 255, 262
bifurcation analysis 79, 82, 161, 163, 164, 272
bifurcation diagram 172, 173, 175, 281, 308
bipartite network 247
bistability 42, 76, 80, 173, 256
bit error rate 336
Bloch gain 102
Bloch oscillations 118, 129
blowouts 305
Bogdanov–takens point 175
Boltzmann equation 6, 100
Born approximation
– first order 252
– second order 5
boundary condition 115, 185
– Ohmic boundary conditions 115
– periodic boundary conditions 187
broadband chaos 317, 318, 324
bubbling 231
bunching 129

c
capture rate 6, 148
carrier diffusion 358, 362
carrier heating 14
carrier lifetimes 13, 16, 27, 140
carrier transport 358
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carrier–carrier scattering 5, 143
center manifold theory 273
chaos 111, 317, 359, 365
– period-doubling route to chaos

260
– quantum chaos 111
chaos communications 365, 366, 371
chaos modulations 336
chaos relay 370
chaos synchronization 239, 333, 334,

366, 372
chaotic attractor 287, 319
chaotic currents 115
chaotic dynamics 224, 277
chaotic electron transport 111
chaotic intensity dynamics 218
chaotic invariant sets 286
chaotic message transmission 369
chaotic network 333, 346
chaotic optical carrier 369
chaotic regime 193, 261, 285
chaotic spectrum 322
chaotic trajectory 230, 335
characteristic equation 146, 150, 155, 169,

170, 191, 255, 272, 302, 323
charge conservation 26
charge domain 111, 123–125,

127, 130
charge domain dynamics 115
chirp 193
circularly polarized light 363
class B lasers 23, 272
cluster state 293, 300, 302, 304,

308, 349
codimension-two points 175
coherence properties 74
coherent effects 3, 103
collapse of optical coherence 219
common noise 236
common optical external forcing 275
communication process 239
conductance 95, 101
confined QD levels 5
continuation method 82, 145, 164
continuous-time perturbation 287
convective instabilities 336
correlation scaling 219
Coulomb matrix elements 7
Coulomb scattering 4
coupled lasers
– bidirectionally coupled lasers 218,

220, 226
– coupled two-mode lasers 245
– delay-coupled lasers 217

– mutually coupled lasers 217, 341
coupled phase oscillators 298
coupling path 224
critical feedback strength 139, 140
critical slowing down 42, 43
cross-correlation function 222, 224, 225, 230,

236, 340, 343
cryptographic protocol 341
current continuity equation 113
current modulation 42, 231
– asymmetric triangular 44
– external pump modulation with different

frequencies 232
– high-frequency modulation 20
– periodic modulation 231
current oscillations 120, 121, 128, 130
current–voltage characteristics 119
cutoff frequency 21
cyclotron frequency 118

d
damping rate of ROs 23, 24, 139–158
delay differential equations 141, 148ff, 164,

184, 317, 334, 346
– integro-delay differential equation 321
delay-coupled lasers 217
delay-induced instabilities 219
delayed optical feedback 60, 68, 69, 72, 85,

139, 141, 161, 162, 218, 226, 231, 364
delocalization 111, 118
density matrix theory 101, 103
detailed balance 8
dimensionless variables 148, 153, 321
dipole matrix element 94, 105
discrete mapping 304
distributed feedback lasers 59
doped carrier reservoir 26
doping concentrations 26, 117
drift velocity 114, 118, 124, 130
diffusion 114, 355
drift–diffusion model 114
dynamical hysteresis 42
dynamical instability 218

e
eavesdropper 239, 339, 367, 372
eigenvalues see characteristic equation
Einstein coefficient 10
Einstein relation 358
elastic scattering time 114
electric field envelope 186
electron-scattering time 114, 361
electronic subbands 92
encoding scheme 50
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encrypted communication 238
encrypted key 239
energy confinement 15
energy flux density 105
energy losses 204
entrainment 231
equilibrium
– globally attracting 167
Esaki–Tsu approach 114
Esaki–Tsu domain 124, 126
Esaki–Tsu peak 129
excitability threshold 167
excitable SLSA 163, 171
excitatory response 298
excited states 9, 84
external cavity modes 149, 155
external forcing 279
external modulation 183, 231
external noise 235, 271
eye pattern diagrams 21, 22

f
Fabry–Perot laser 58, 248
Fabry–Perot modes 250
far-field emission 363
feedback 206, 226
feedback loop 163, 321
Fermi integrals 358
Fermi’s golden rule 93, 104
filter 345
firing rule 303
fixed point 328
Floquet exponents 272, 273, 284
Floquet multipliers 205
Fourier transformed field 185
frequency splitting 69

g
gain
– modal gain 93, 95, 105
– nonlinear gain 257, 258
– threshold gain 68
– unsaturated gain 187
gain profile 253, 363
gain spectrum 101, 102
gain window 196
Gaussian processes 275
Gaussian pulse 326
Gaussian white noises 40
ghost stochastic resonance 233
Ginzburg–Landau equation 208
global constraint 115, 116
Green’s function 103

h
Haus master equation 208
Haus model 184
– generalized Haus model 208
heating 98
heterostructure 4, 92, 357, 358
Hodgkin–Huxley neuron model 296
homoclinic loop 166, 176, 305, 306
Hopf normal form 273
horseshoes 272, 286
hysteresis 200
Hopf see bifurcation

i
Ikeda map 187
implicit function theorem 252
in-phase oscillation 128
index perturbation 251
induced emission 10
inhomogeneous broadening 20
initial conditions 173, 300
injection locking 73, 80, 83
injection-locking instabilities 217
injector region 92
instability boundaries 205
instability threshold 211, 324
integrate-and-fire (IF) oscillators 294
intensity fluctuations 220, 278
intensity–current characteristic 40
interband transitions 361
interdropout probability distribution

233
interface conditions 185
interminiband laser 96
intermittency 193
internal noise 235
interspike time 173
intersubband phonon scattering 97
intersubband transitions 360
invariant sets 285
isochronal solution 223, 235, 370
isochrone 274, 275

j
Jacobi matrix 255

k
key exchange protocol 238, 340
Kramers law 69
Kramers’ hopping 36

l
Landau–Stuart model 271, 273
– with white noise external forcing 283
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Lang–Kobayashi (LK) model 60, 222, 236,
334, 340, 364

laser linewidth 19, 75
laser Relay 228
lasing condition 249
lasing threshold 11, 42, 46, 205
laterally coupled laser arrays 217
lattice temperature 14, 114
lattice vibrations 98
leader–laggard dynamics 224
leading edge stability boundaries 202
leading order equations 23, 153
limit cycle 258, 272, 273
– overdamped limit cycle 272
– stable hyperbolic 286
linear gain 10
linear gain parameter 190
linear stability analysis see charcteristic

equation
linear threshold line 190, 201
linewidth enhancement factor 29, 64, 139,

148, 185, 193, 203, 223, 254, 272, 274
link 247
instability (local) 303
locked cavity modes 197
locking 75, 85, 197, 260
logic operations 50
logic stochastic resonance 36
logical operators 38
long delay regime 218
longitudinal modes 19, 58, 183
Lorentzian line shape 187
loss of noise synchrony 271
loss of synchrony 277
low-frequency dropouts 231
low-frequency fluctuation (LFF)

61, 218, 231, 337, 365
– type I LFF 63
– type II LFF 63
lumped element approach 184, 185
Lyapunov exponent 231, 279, 284,

285, 323, 347, 348

m
Mach–Zehnder modulator 319
magnetic field 111
map 299, 328
– Bernoulli map 334
– 1-D map 328
– 3-D map 205
– 4-D map 210
– return map 299, 306
master stability function 346
master–slave configuration 333

message decryption 239
message transmission 372
microscopically based rate equation

model 3, 142, 153
miniband 93, 97, 112
miniband transport 112
minimum linewidth mode 140
mirror relay 230
missing fundamental illusion 233
mode beating 64
mode competition 57, 58, 61, 67
mode hopping 69
mode locked laser 183
– fundamental ML solution 191, 193
– harmonic ML 191
– passively mode-locked laser 183, 184, 212
– Q-switching 161, 189, 193
– synchronously pumped actively ML lasers

196
mode-locking stability boundaries 200
modulation asymmetry 46
modulation response 16, 18, 28
monochromatic external forcing 276
monostability 40
Monte-Carlo simulations 100
multimode laser 57, 61, 188, 246
multimode optical injection 75
multipulse dynamics 319
mutual chaos pass filter 342
mutual injection 235
mutually coupled lasers 217, 341

n
nanolasers 364
network theory 247
network topology graph 247
networks 293
– chaotic network 333, 346
– complex networks 245, 246, 248
– excitable networks 233
New’s model 187
– generalized New’s model 203
New’s stability criterion 193, 197, 201, 205,

210
nodes 247
noise 35, 44, 48, 51–53, 67, 72, 162,

179, 235, 271, 275, 326
noise correlation time 236, 237
noise floor 323
noise modulation 235
noise realizations 282
noise-induced pulses 168
noise-to-signal ratio 343
non-KAM chaos 112
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nonequilibrium Green’s functions 101
nonexcitable SLSA 173
nonlinear delayed feedback 322
nonlinear stability analysis 318, 325
nonlinear transmission functions 319
nonlinear units 346
nullcline 327, 328
numerical continuation 179

o
optical bistability 62, 359
optical buffer memory 54
optical coupling 231
optical data communication 5
optical feedback see delayed optical feedback
optical injection 74, 77, 83, 85, 235,

253, 364, 365
optical-fiber coupling 246
optimal noise level 235
optoelectronic oscillator 318, 325
order parameter 142, 275, 300, 301
oscillating dynamics 258

p
parabolic dispersion 93
parabolic gain dispersion 207
Pauli blocking factor 141
Pauli matrices 249, 251
periodic blowouts 309
periodic ML solution 210
periodic orbits 318
periodic spiking 296
perturbation 197, 304
– index perturbation 251
– pulselike perturbation 325
perturbation mode 347
phase oscillators 298
phase-response function 293, 295, 297
phase-space stretching 275
phonon emission 97
Poisson’s equation 115
polarization bistability 35, 36
polarization dynamics 77
polarization mode hopping 69
polarization rotating optical feedback 64
polarization switching 36, 40, 60, 68, 365
polarized light 362
power dropouts 61, 85, 220, 231, 366
power spectrum 121, 122, 126, 318, 322
– featureless 318
private filter 345
private key 334
probability distribution function 232, 233,

278

pseudorandom digital messages 239
pseudorandom number 339
public channel communication 239, 334,

339, 340
public cryptography 345
pullback convergence 280, 282
pulsating state 329
pulse energy 203, 204
pulse group velocity 196
pulse package 67
pulse triggering 49
pulse-coupled oscillators 293, 294, 298

q
Q-switching instability 189, 202
Q-switching instability boundary 206, 210
quantized energy levels 360
quantum cascade laser 64, 91, 356, 360
quantum dot (QD) laser 3–30, 84, 139–142
quantum kinetic calculations 103
quantum protocol 340
quasi periodic dynamics 224, 259
quasi-Fermi distribution 7
quasiperiodicity 224
quiescent state 318, 323
quantum well (QW) laser model 29, 146

r
radiative recombination 143
random bit generators 339
random bit sequences 340, 342
random chaotic attractor 287
random dynamical system 279
random sink 279, 280, 282
random strange attractor 279, 280, 283
rate equations
– for QD laser subject to optical

feedback 141
– for solitary QW laser 146
– laser with saturable absorber (Yamada)

163, 188
– QD laser (3 variables) 29, 148
– QD laser (microscopic) 3, 153
– two mode VCSEL (spin flip model) 39, 71
refractory period 167
relaxation cascade 17
relaxation oscillations (ROs) 4, 23, 24,

42, 44, 139, 147, 273
relaxation processes 7, 14
reliability 52
resetting rule 303
residence time 69, 71
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resonant behavior 233
return map 299, 306
ring cavity 184
ring configuration 221
ring of unidirectionally coupled lasers 219
ring of units 348
rotational symmetry 272, 273
round-trip time 141
Routh–Hurwitz stability criteria 255
RPP dynamics 65
Runge–Kutta scheme 113

s
saddle-node see bifurcation
saddle point 302, 304
saturable absorber 161, 163, 183, 188
saturable gain 198, 203
saturation parameter 188
scattering
– elastic impurity scattering 100
– electron–electron scattering 5–8, 100
– optical phonon scattering 98
– phonon scattering 100, 114
scattering rates 24, 143
scattering time 23, 94, 97, 117
secret message 335
secure chaos communication 319
secure communication 333, 339
self-pulsations 167
self-sustained current oscillations 111
self-sustained oscillations 162, 173
semiclassical approach 103
semiconductor Bloch equations 4
separatrix 328
shear 275
short delay regime 218
short external cavity 64, 65, 140
side mode suppression ratios 253
single-mode laser 59
size distribution 20
slow saturable absorber 188
slow saturable absorber approximation 197
slow–fast system 163
spatial hole burning 362
spatiotemporal electron charge dynamics

122
spectral filtering 185, 187, 204, 209, 211
spectral filtering bandwidth 200
spectral properties 19
spiking events 295
spin-flip model 39, 82, 363
splay state 301
spontaneous emission 10, 48, 52
spontaneous emission noise 275, 276

square-wave solutions 319
stability analysis 41, 60, 128, 150, 151, 168,

231, 302, 308, 328, 347
stability boundary 139, 205
stability condition 157
stable manifold 167, 305
stimulated processes 10, 105
stochastic bifurcation 271
stochastic forcing 272, 279
stochastic hopping 41
stochastic logical operator 49
stochastic resonance 49, 72
stochastic-web 111, 118
strange attractor 285, 318
stretch-and-fold action 286, 287
success probability 52, 53
superlattice 92, 111, 112
switching dynamics 18
symmetry breaking 224
synchronization 72, 219, 366, 367
– chaos synchronization 239, 333, 334,

366, 372
– cluster synchronization 349
– complete synchronization 295, 337
– generalized synchronization 222
– identical synchronization 230
– incomplete synchronization 280
– inverse synchronization 368
– lack of synchronization 276
– lag synchronization 226
– leader–laggard synchronization 222
– localized synchronization 217
– noise synchronization 271, 275, 278, 280,

282
– out-of-phase synchronized 225
– partial synchronization 276
– secure synchronization 344
– trivial synchronization 276
– white noise synchronization 277
– zero-lag synchronization 228, 230, 236,

238, 340
synchronization manifold 231, 336,

346, 348
synchronization transitions 280
synchronized power dropouts 226

t
terahertz radiation 360
thermal energy 97
thermal noise 339
thermodynamic equilibrium 8
thermodynamic phase transition 276
third harmonic generation 362
time of flight 370
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time-delayed feedback 317, 335
time-delayed systems see delay differential

equations
timescale separation 24, 27, 61, 163
timing jitter 162
trailing edge instability boundaries 211
transcendental characteristic equation 169
transfer matrix 249–251
transition probability 6
transverse mode 59, 78, 362
transversely stable 231
traveling wave model 185
tunneling injection 98, 99
tunneling resonance 95
turn-on dynamics 11, 12
two-mode lasing 15, 84, 85, 245

u
unidirectional coupling 224, 339, 366

v
variational approach 209
vertical-cavity surface-emitting laser (VCSEL)

35, 59, 362, 364
voltage drop 116

w
wave-mixing 75
waveguide losses 95
weak chaos 349
white noise external forcing 277, 280

y
Yamada rate equations 163

z
zero-lag synchronization 228, 230,

236, 238, 340
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