
September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

Contents

Preface vii

Acknowledgements xiii

1 The Evolution of Optical Fibre Communication Systems 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 1
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2 Basic Principles of Optical Amplifiers 15
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.2 Interaction of Radiation with a Two-Level System . . . . 16

2.2.1 Radiative processes . . . . . . . . . . . . . . . . 17
2.2.2 Spontaneous emission . . . . . . . . . . . . . . . 17
2.2.3 Stimulated emission . . . . . . . . . . . . . . . . 18
2.2.4 Absorption . . . . . . . . . . . . . . . . . . . . . 19
2.2.5 Optical gain . . . . . . . . . . . . . . . . . . . . 21

2.3 Characterisation of Optical Amplifiers . . . . . . . . . . . 24
2.3.1 Signal gain . . . . . . . . . . . . . . . . . . . . . 24
2.3.2 Frequency bandwidth . . . . . . . . . . . . . . . 26
2.3.3 Saturation output power . . . . . . . . . . . . . 27
2.3.4 Noise figure . . . . . . . . . . . . . . . . . . . . 28

2.4 Ideal Optical Amplifiers . . . . . . . . . . . . . . . . . . . 31
2.5 Practical Optical Amplifiers . . . . . . . . . . . . . . . . 32

2.5.1 Performance limits of the amplifier signal gain . 32
2.5.2 Performance limits of the amplifier bandwidth . 33
2.5.3 Performance limits of saturation output power . 33
2.5.4 Performance limits of the noise figure . . . . . . 34

2.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

xv



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

xvi The Principles of Semiconductor Laser Diodes and Amplifiers

3 Optical Amplification in Semiconductor Laser Diodes 45
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 45
3.2 Principles of Optical Amplification in

Semiconductor Lasers . . . . . . . . . . . . . . . . . . . . 45
3.2.1 Optical processes in semiconductors . . . . . . . 46
3.2.2 Analysis of optical gain in semiconductors . . . 50

3.3 Semiconductor Laser Diodes as Optical Amplifiers . . . . 58
3.3.1 Optical amplification using homojunctions . . . 58
3.3.2 Optical amplification using heterostructures . . 61

3.4 Types of Semiconductor Laser Amplifiers . . . . . . . . . 64
3.4.1 Operational classification . . . . . . . . . . . . . 64
3.4.2 Structural classification . . . . . . . . . . . . . . 68

3.5 Radiative Transition in Semiconductors . . . . . . . . . . 70
3.5.1 Stimulated emissions . . . . . . . . . . . . . . . 71
3.5.2 Spontaneous emissions . . . . . . . . . . . . . . 73

3.6 Applications of Semiconductor Laser Amplifiers . . . . . 74
3.6.1 Non-regenerative repeaters . . . . . . . . . . . . 75
3.6.2 Pre-amplifiers to optical receivers . . . . . . . . 77
3.6.3 Bistable and switching applications . . . . . . . 78
3.6.4 Other applications . . . . . . . . . . . . . . . . 80

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4 Analysis of Transverse Modal Fields in Semicon-
ductor Laser Amplifiers 89
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 89
4.2 Solution of Transverse Modal Fields in Rectangular

Optical Waveguides . . . . . . . . . . . . . . . . . . . . . 90
4.2.1 Solution for a three-layer slab (Planar optical

waveguide) . . . . . . . . . . . . . . . . . . . . . 91
4.2.2 Solution for a rectangular dielectric waveguide

using modal field approximations . . . . . . . . 98
4.2.3 Application of Effective Index Method (EIM) for

calculating propagation constants for transverse
modal fields in rectangular dielectric waveguides 102

4.2.4 Other methods to solve for transverse modal
fields and the dispersion characteristics of
rectangular dielectric waveguides . . . . . . . . 107

4.3 Applications of Solutions of Transverse Modal Fields
in SLAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

Contents xvii

4.3.1 Analysis of the modal gain coefficients . . . . . 109
4.3.2 Design of a polarisation insensitive

Travelling Wave Amplifier (TWA) . . . . . . . . 113
4.3.2.1 Effect of active layer thickness . . . . 116
4.3.2.2 Effect of refractive index distribution . 120
4.3.2.3 Effect of active layer width . . . . . . 124

4.4 Importance of Transverse Modal Fields Properties
in SLAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

5 Analysis and Modelling of Semiconductor Laser
Diode Amplifiers: Gain and Saturation Characteristics 131
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 131
5.2 Analysis of Semiconductor Laser Diode Amplifiers with a

Uniform Gain Profile . . . . . . . . . . . . . . . . . . . . 132
5.2.1 Amplifier gain formulation in semiconductor

laser amplifiers . . . . . . . . . . . . . . . . . . 133
5.2.1.1 Active Fabry–Perot formulation . . . 133
5.2.1.2 Photon statistics formulation . . . . . 138
5.2.1.3 Comparisons between the two

formulations . . . . . . . . . . . . . . 139
5.2.2 Gain saturation formulation in semiconductor

laser diode amplifiers . . . . . . . . . . . . . . . 140
5.2.3 Appraisal on using a uniform gain profile in

analysing SLAs . . . . . . . . . . . . . . . . . . 142
5.3 General Analysis of Semiconductor Laser Diode

Amplifiers (A Brief Review) . . . . . . . . . . . . . . . . 142
5.3.1 Analysis using rate equations . . . . . . . . . . 143
5.3.2 Analysis using travelling-wave equations . . . . 144

5.4 Analysis of Semiconductor Laser Diode Amplifiers
using Transfer Matrices . . . . . . . . . . . . . . . . . . . 148
5.4.1 A brief review of matrix methods . . . . . . . . 148
5.4.2 Analysis of longitudinal travelling fields in SLAs

using transfer matrix method . . . . . . . . . . 152
5.4.3 Analysis of SLAs with a non-uniform gain profile

using transfer matrix method . . . . . . . . . . 157
5.4.4 Computational considerations . . . . . . . . . . 160

5.5 An Equivalent Circuit Model for SLAs . . . . . . . . . . 165
5.6 Applications . . . . . . . . . . . . . . . . . . . . . . . . . 169



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

xviii The Principles of Semiconductor Laser Diodes and Amplifiers

5.6.1 Structural effects on amplifier gain . . . . . . . 170
5.6.2 System considerations . . . . . . . . . . . . . . . 173

5.7 Analysis of Gain Saturation in a SLA with
a Uniform Material Gain Profile . . . . . . . . . . . . . . 177

5.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

6 Analysis and Modelling of Semiconductor Laser
Diode Amplifiers: Noise Characteristics 187
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 187
6.2 Formulation of Noise in Semiconductor

Laser Amplifiers . . . . . . . . . . . . . . . . . . . . . . . 188
6.2.1 Photon statistics formulation . . . . . . . . . . . 188
6.2.2 Rate equation approach . . . . . . . . . . . . . 196
6.2.3 Travelling-wave equations formulation . . . . . . 199

6.3 Analysis of Noise in SLAs using the
Equivalent Circuit Model . . . . . . . . . . . . . . . . . . 199
6.3.1 Representation of Spontaneous Emissions in

a SLA by an Equivalent Circuit . . . . . . . . . 199
6.3.2 Validity of modeling spontaneous emissions by

an equivalent circuit . . . . . . . . . . . . . . . 202
6.3.3 Effects of stray reflections on the

spontaneous emission power from a SLA . . . . 211
6.4 Applications . . . . . . . . . . . . . . . . . . . . . . . . . 218

6.4.1 Device design criteria . . . . . . . . . . . . . . . 218
6.4.2 System considerations . . . . . . . . . . . . . . . 225

6.5 Analysis of SLA Spontaneous Emission Power using Green
Function Approach . . . . . . . . . . . . . . . . . . . . . 227
6.5.1 Travelling-wave amplifier (TWA) . . . . . . . . 228
6.5.2 Fabry–Perot amplifiers . . . . . . . . . . . . . . 230

6.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232

7 Experimental Studies on Semiconductor Laser
Diode Amplifiers 237
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 237
7.2 Basic Set-up for Measurements . . . . . . . . . . . . . . . 238

7.2.1 The semiconductor laser diode source . . . . . . 238
7.2.2 Semiconductor laser diode amplifier . . . . . . . 245



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

Contents xix

7.2.3 Detection circuit . . . . . . . . . . . . . . . . . . 245
7.3 Experimental Studies on Recombination Mechanisms . . 247

7.3.1 Principles of the experimental measurement . . 248
7.3.2 Experimental procedures . . . . . . . . . . . . . 249
7.3.3 Results and discussions . . . . . . . . . . . . . . 250

7.4 Measurement of Gain Characteristics . . . . . . . . . . . 252
7.4.1 Experimental set-up . . . . . . . . . . . . . . . . 252
7.4.2 Experimental procedures . . . . . . . . . . . . . 257

7.4.2.1 Determination of coupling losses
in the set-up . . . . . . . . . . . . . . 257

7.4.2.2 Measurement of amplifier gain . . . . 258
7.4.3 Results and discussions . . . . . . . . . . . . . . 259

7.5 Measurement of Noise Characteristics . . . . . . . . . . . 263
7.5.1 Experimental set-up . . . . . . . . . . . . . . . . 263
7.5.2 Experimental procedures . . . . . . . . . . . . . 264
7.5.3 Results and discussions . . . . . . . . . . . . . . 266

7.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 270
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

8 Novel Semiconductor Laser Diode Amplifier Structure 273
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 273
8.2 Theoretical Model . . . . . . . . . . . . . . . . . . . . . . 274

8.2.1 The normalised power of the fundamental mode 274
8.2.2 The gain saturation performance . . . . . . . . 277
8.2.3 The relative amplified spontaneous emission . . 280

8.3 Analysis, Results and Discussions . . . . . . . . . . . . . 280
8.3.1 The shape of the taper structure . . . . . . . . . 280
8.3.2 Adiabatic single-mode condition . . . . . . . . . 281
8.3.3 The intensity and carrier distributions . . . . . 283
8.3.4 The gain saturation and relative amplified

spontaneous emission . . . . . . . . . . . . . . . 285
8.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 286
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288

9 Picosecond Pulse Amplification in Tapered-
Waveguide Semiconductor Laser Diode Amplifiers 291
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 291
9.2 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292
9.3 Results and Discussions . . . . . . . . . . . . . . . . . . . 296



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

xx The Principles of Semiconductor Laser Diodes and Amplifiers

9.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308

10 Sub-picosecond Gain Dynamic in Highly-Index
Guided Tapered-Waveguide Semiconductor Laser
Diode Optical Amplifiers 311
10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 311
10.2 Theoretical Model . . . . . . . . . . . . . . . . . . . . . . 313
10.3 Results and Discussions . . . . . . . . . . . . . . . . . . . 316
10.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 324
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325

11 Saturation Intensity of InGaAsP Tapered
Travelling-Wave Semiconductor Laser Amplifier
Structures 329
11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 329
11.2 An Analytical Expression of Saturation Intensity of

a Tapered TW-SLA Structure . . . . . . . . . . . . . . . 329
11.3 Effects of Gain Saturation on Polarisation

Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . 333
11.3.1 Polarisation sensitivity of tapered

TW-SLA structures . . . . . . . . . . . . . . . . 333
11.3.2 Fundamental TE mode gain . . . . . . . . . . . 334

11.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 335
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337

12 WavelengthConversion in Tapered-Waveguide
Laser Diode Amplifiers Using Cross-Gain
Modulation 339
12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 339
12.2 Theoretical Method . . . . . . . . . . . . . . . . . . . . . 340
12.3 Simulation Results . . . . . . . . . . . . . . . . . . . . . . 342

12.3.1 Extinction ratio for up and down conversion . . 343
12.3.2 Dependence of signal converted power on

signal and probe wavelength . . . . . . . . . . . 345
12.3.3 Dependence of extinction ratio on input

signal and probe power . . . . . . . . . . . . . . 347
12.3.4 Effect of signal power and probe power on

the peak power of the converted signal . . . . . 349



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

Contents xxi

12.3.5 Effect of signal power and probe power
on the rise time . . . . . . . . . . . . . . . . . . 352

12.3.6 Extinction ratio degradation . . . . . . . . . . . 354
12.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 357
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 358

13 The Semiconductor Laser: Basic Concepts and
Applications 361
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 361
13.2 Fundamental Optical Processes . . . . . . . . . . . . . . 363
13.3 Homojunction and Double Heterojunction . . . . . . . . 364
13.4 Lasing Condition . . . . . . . . . . . . . . . . . . . . . . 365
13.5 Laser Structures . . . . . . . . . . . . . . . . . . . . . . . 370

13.5.1 Lateral mode confinement . . . . . . . . . . . . 371
13.5.2 Longitudinal mode control . . . . . . . . . . . . 372

13.6 Rate Equations . . . . . . . . . . . . . . . . . . . . . . . 374
13.7 Laser Linewidth and Chirping . . . . . . . . . . . . . . . 377
13.8 Laser Noise . . . . . . . . . . . . . . . . . . . . . . . . . . 379

13.8.1 Relative Intensity Noise (RIN) . . . . . . . . . . 379
13.8.2 Mode partition noise . . . . . . . . . . . . . . . 379
13.8.3 Phase Noise . . . . . . . . . . . . . . . . . . . . 381

13.9 Modulation Behaviour . . . . . . . . . . . . . . . . . . . 382
13.9.1 Small-signal modulation . . . . . . . . . . . . . 382
13.9.2 Large-signal modulation . . . . . . . . . . . . . 384
13.9.3 Nonlinear distortion . . . . . . . . . . . . . . . . 385

13.10 Short Pulse Generation Schemes . . . . . . . . . . . . . . 386
13.11 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 393
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393

14 Microwave Circuit Techniques and
Semiconductor Laser Modelling 397
14.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 397
14.2 The Transmission-Line Matrix (TLM) Method . . . . . . 399
14.3 TLM Link-Lines and Stub-Lines . . . . . . . . . . . . . . 399

14.3.1 TLM link-lines . . . . . . . . . . . . . . . . . . . 400
14.3.2 TLM stub-lines . . . . . . . . . . . . . . . . . . 401

14.4 Scattering and Connecting Matrices . . . . . . . . . . . . 403
14.5 Transmission-Line Laser Modelling (TLLM) . . . . . . . 411
14.6 Basic Construction of the Model . . . . . . . . . . . . . . 412



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

xxii The Principles of Semiconductor Laser Diodes and Amplifiers

14.7 Carrier Density Model . . . . . . . . . . . . . . . . . . . 414
14.8 Laser Amplification . . . . . . . . . . . . . . . . . . . . . 416
14.9 Carrier-Induced Frequency Chirp . . . . . . . . . . . . . 424
14.10 Spontaneous Emission Model . . . . . . . . . . . . . . . . 427
14.11 Computational Efficiency-Baseband Transformation . . . 430
14.12 Signal Analysis — Post-Processing Methods . . . . . . . 433
14.13 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 436
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437

15 Microwave Circuit Models of Semiconductor Lasers 441
15.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 441
15.2 Electrical Parasitics . . . . . . . . . . . . . . . . . . . . . 442
15.3 Lumped-Element Circuit Models . . . . . . . . . . . . . . 445

15.3.1 Large signal model . . . . . . . . . . . . . . . . 445
15.3.2 Light-current characteristics . . . . . . . . . . . 446
15.3.3 Transient response . . . . . . . . . . . . . . . . 448
15.3.4 Mode competition . . . . . . . . . . . . . . . . . 452
15.3.5 Nonlinear distortion . . . . . . . . . . . . . . . . 460
15.3.6 Small signal model . . . . . . . . . . . . . . . . 462
15.3.7 Intensity modulation (IM) response . . . . . . . 463

15.4 Distributed-Element Circuit Model the Integrated
Transmission-Line Laser Model (TLLM) . . . . . . . . . 466

15.5 Intrinsic Laser Model . . . . . . . . . . . . . . . . . . . . 468
15.6 Electrical Parasitics Model . . . . . . . . . . . . . . . . . 471
15.7 Matching Considerations . . . . . . . . . . . . . . . . . . 473
15.8 Small-Signal Modulation . . . . . . . . . . . . . . . . . . 476
15.9 Large-Signal Modulation . . . . . . . . . . . . . . . . . . 479
15.10 Design of the Matching Circuit . . . . . . . . . . . . . . . 479
15.11 Harmonic Generation by Gain-Switching . . . . . . . . . 483
15.12 Frequency Chirp . . . . . . . . . . . . . . . . . . . . . . . 489
15.13 Carrier-Dependent Laser Diode Impedance . . . . . . . . 490
15.14 Derivation of the Large-Signal Circuit Model . . . . . . . 494

15.14.1 Modelling the junction voltage, Vj . . . . . . . . 494
15.14.2 From rate equations to circuit equations . . . . 498
15.14.3 Simplified large-signal circuit model . . . . . . . 501
15.14.4 Gain-guided laser —

Stripe-geometry laser . . . . . . . . . . . . . . . 503



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

Contents xxiii

15.14.5 Index-guided laser structures —
Ridge-waveguide
and etched mesa buried heterostructure
(EMBH) lasers . . . . . . . . . . . . . . . . . . 504

15.15 Small-Signal Circuit Model of Laser Diodes . . . . . . . . 506
15.15.1 Small signal circuit model below threshold . . . 506
15.15.2 Small-signal circuit model above threshold

(excluding diffusion) . . . . . . . . . . . . . . . 508
15.15.3 Small-signal model including carrier

diffusion effect . . . . . . . . . . . . . . . . . . . 511
15.15.4 Further approximations to the circuit element

expressions . . . . . . . . . . . . . . . . . . . . . 516
15.16 Rate Equations Including Diffusion Damping . . . . . . . 516

15.16.1 Derivation of three position-independent rate
equations from laterally position- dependent rate
equations . . . . . . . . . . . . . . . . . . . . . . 516

15.16.2 Reduction of the three position-independent rate
equations into two averaged rate equations . . . 521

15.17 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 521
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 522

16 Transmission-Line Laser Model of Tapered
Waveguide Lasers and Amplifiers 529
16.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 529
16.2 Tapered Structure Transmission-Line Laser Model

(TS-TLLM) . . . . . . . . . . . . . . . . . . . . . . . . . 531
16.3 Effective Index Method (EIM) . . . . . . . . . . . . . . . 533
16.4 Transverse and Lateral Modes in Strongly Index-Guided

Laser Structures . . . . . . . . . . . . . . . . . . . . . . . 534
16.5 Mode Conversion — Coupling Coefficients . . . . . . . . 536
16.6 Beam-Spreading Factor . . . . . . . . . . . . . . . . . . . 542
16.7 Spectrally-Dependent Gain . . . . . . . . . . . . . . . . . 544
16.8 Computational Efficiency . . . . . . . . . . . . . . . . . . 546
16.9 Lateral Hole-Burning (LHB) . . . . . . . . . . . . . . . . 555
16.10 Spontaneous Emission Spectrum . . . . . . . . . . . . . . 557
16.11 Dynamic Wavelength Chirp . . . . . . . . . . . . . . . . 560
16.12 Scattering Matrix . . . . . . . . . . . . . . . . . . . . . . 561
16.13 Connecting Matrix . . . . . . . . . . . . . . . . . . . . . 564
16.14 Results and Discussions . . . . . . . . . . . . . . . . . . . 566



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

xxiv The Principles of Semiconductor Laser Diodes and Amplifiers

16.15 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 578
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 579

17 Novel Integrated Mode-Locked Laser Design 583
17.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 583
17.2 Integrated Mode-Locked Laser Design with Distributed

Bragg Gratings and Tapered Waveguide Amplifier . . . . 584
17.3 Detuning Characteristics . . . . . . . . . . . . . . . . . . 586
17.4 TLM Model of Corrugated Grating Structures . . . . . . 597
17.5 Design of Grating (DFB and DBR) Sections . . . . . . . 601
17.6 Amplifier Design . . . . . . . . . . . . . . . . . . . . . . . 607
17.7 Residual Facet Reflectivity and Internal Reflections . . . 610
17.8 Passive Waveguide Loss . . . . . . . . . . . . . . . . . . . 617
17.9 Effect of Dynamic Chirp . . . . . . . . . . . . . . . . . . 623
17.10 Operating Conditions — DC Bias Level and RF Power . 628
17.11 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 632
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 634

18 Summary, Conclusion and Suggestions 639
18.1 Summary of Part I (Chapters 1 to 7) . . . . . . . . . . . 639

18.1.1 Limitations of the research study . . . . . . . . 642
18.1.2 Limitations on theoretical studies . . . . . . . . 643
18.1.3 Limitations on experimental studies . . . . . . . 644

18.2 Summary of Part II (Chapters 8 to 12) . . . . . . . . . . 644
18.3 Summary of Part III (Chapters 13 to 17) . . . . . . . . . 646
18.4 Summary of New Contributions . . . . . . . . . . . . . . 647

18.4.1 Microwave optoelectronic models of the laser
diode transmitter (Chapter 15) . . . . . . . . . 647

18.4.2 Transmission-line laser model of tapered
waveguide semiconductor laser amplifier
structures (Chapter 16) . . . . . . . . . . . . . . 648

18.4.3 Design and optimisation of a novel multisegment
mode-locked laser device (Chapter 17) . . . . . 650

18.5 Suggestions for Future Work . . . . . . . . . . . . . . . . 651
18.5.1 Parts I and II of the book . . . . . . . . . . . . 651
18.5.2 Part III of the book . . . . . . . . . . . . . . . . 652

18.5.2.1 Wavelength conversion and all-optical
regeneration in semiconductor optical
amplifiers . . . . . . . . . . . . . . . . 652



September 16, 2003 10:39 The Principles of Semiconductor Laser Diodes and Amplifiers bk02-020

Contents xxv

18.5.2.2 Mode-locked laser design based on
the multichannel grating cavity
(MGC) laser . . . . . . . . . . . . . . 653

18.5.2.3 Chirped fibre Bragg gratings for novel
applications . . . . . . . . . . . . . . . 654

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 656

Index 661


