PRENTICE HALL
INTERNATIONAL SERIES
IN OPTOELECTRONICS

Lasers
Theory and Practice

J. HAWKES |. LATIMER



Contents

Preface
Acknowledgements
List of symbols

1 Energy levels in atoms and molecules

121

1:2

1.3

1.4

1.5

Introduction

The hydrogen atom

1.2.1 The Bohr model

1.2.2 A quantum-mechanical treatment of the hydrogen atom
1.2.3 Spin—orbit coupling

The many-electron atom

1.3.1 Exchange parity and the Pauli exclusion principle
1.3.2 The central field approximation

1.3.3 The Coulomb and spin—orbit interactions
1.3.4 The crystal field interaction

Molecular spectra

1.4.1 The hydrogen molecule ion

1.4.2 The hydrogen molecule

1.4.3 Electronic molecular states

1.4.4 Vibrational and rotational states

Energy levels in semiconductors

1.5.1 The tight binding approximation

1.5.2 The nearly free electron model

1.5.3 The density of states function

1.5.4 Holes

1.5.5 Extrinsic semiconductors

Problems

Notes

References

2 Light and its properties

21

The classical wave view of light

2.1.1 Plane waves

2.1.2 Polarization

2.1.3 Propagation in a dielectric medium

2.1.4 Energy flow

2.1.5 Refractive index variation with frequency

xi
Xii

47
47
49
51
51
54
55



Vi

Contents

2.1.6 The Fresnel equations
2.1.7 Propagation of light in dielectric waveguides
2.1.8 Reflection of light from metal surfaces
2.1.9 Optically anisotropic media
2.2 Black-body radiation
2.3 The Einstein coefficients
2.4 Coherence
2.4.1 Temporal coherence
2.4.2 Spatial coherence
Problems
Notes
References

Interaction of light with matter
3.1 Transition probabilities
3.1.1 Time-dependent perturbation theory

3.1.2 The effect of a harmonically varying perturbation

3.1.3 The electric dipole interaction
3.1.4 Selection rules and higher-order transitions
3.1.5 Nonradiative transitions
3.1.6 Transitions in semiconductors
3.2 Line-broadening mechanisms
3.2.1 Radiative (or natural) broadening
3.2.2 Power broadening
3.2.3 Collision (or pressure) broadening
3.2.4 Doppler broadening
3.2.5 The Voigt profile
3.2.6 The Stokes shift
3.3 Optical gain
3.3.1 Absorption of a monochromatic beam
3.3.2 Gain saturation in homogeneous media
3.3.3 Gain saturation in inhomogeneous media
3.3.4 Gain in semiconductor media
Problems
Notes
References

Gaussian beams
4.1 Introduction
4.2 Ray tracing analysis using matrices
4.3 Resonator stability condition
4.3.1 Re-entrant ray paths
4.4 Diffraction
4.5 The paraxial wave equation

59
63
68
70
76
79
85
86
91
92
97
98

99

99
100
102
104
109
111
112
117
118
122
122
127
130
131
133
133
139
144
148
151
153
154

155
153
155
158
164
167
170




4.6
4.7

4.8

4.9

4.10

4.11

Contents Vvii

Lowest-order TEMgo mode solution

Physical description of the TEMgo mode solution

4.7.1 The amplitude term and beam divergence

4.7.2 Power flux

4.7.3 The radial phase term

4.7.4 Longitudinal phase factor

Gaussian beams as modes of curved-mirror open resonators

4.8.1 Examples of stable resonators

Higher-order Gaussian beam modes

4.9.1 Cartesian coordinate solution of the paraxial wave
equation

4.9.2 Physical properties of Hermite—Gaussian beams

4.9.3 Higher-order Laguerre—Gaussian modes

4.9.4 Spot size for high-order transverse modes

Propagation of Gaussian beams in optical systems

4.10.1 Transformation of a Gaussian beam

4.10.2 Application of the ABCD law to optical cavities

4.10.3 Application of the ABCD law to focusing and mode
matching a Gaussian beam

Elliptical Gaussian beams

Problems

References

Resonant optical cavities

5.1
5.2
5.3

5.4

5.5

5.6

Introduction

The admittance and interface boundary conditions

Reflectance of thin films

5.3.1 Anti-reflection (AR) coatings

5.3.2 Multilayer high-reflectance layers

The Fabry—Perot interferometer

5.4.1 The plane parallel Fabry—Perot interferometer (FPP)

5.4.2 The cavity lifetime

5.4.3 The Fabry—Perot interferometer with spherical
mirrors (FPS)

Application of the Fabry—Perot interferometer to optical frequency

analysis

Ring resonators
Problems

Notes
References
Further reading

Laser oscillation

6.1

Introduction

172
176
176
178
179
180
181
186
188

189
191
194
195
200
200
202

204
209
210
212

213
213
214
217
221
222
224
224
233

237

241°
244
246
247
247
247

249
249



viii

Contents

6.2
6.3
6.4

6.5

6.6

The threshold condition

Laser power around threshold

Oscillation and gain saturation

6.4.1 Homogeneous broadened transition

6.4.2 Inhomogeneous broadened transition and the Lamb dip

6.4.3 Spatial hole burning

6.4.4 Amplified spontaneous emission (the mirrorless laser)

Output power of a laser

6.5.1 Uniform field low-gain (lightly coupled) laser
6.5.2 Lightly coupled laser with spatial hole burning
6.5.3 Large-output coupled laser

6.5.4 Inhomogeneously broadened lasers

6.5.5 Mixed broadening

6.5.6 Methods of measuring the gain and optimum output

coupling
Laser output frequency
6.6.1 Exact oscillation frequency
6.6.2 The laser linewidth
6.6.3 Techniques for single-frequency operation
6.6.4 Techniques for stabilizing the laser frequency
6.6.5 Second harmonic generation
Problems
Notes
References

Laser excitation and systems

7.1
72

7.3

7.4

Introduction

Gas lasers

7.2.1 Excitation mechanisms in ionized gases
7.2.2 Characteristics of electrical discharges
7.2.3 The helium—neon lasers

7.2.4 Noble gas ion lasers

7.2.5 Metal vapour ion lasers

7.2.6 Cyclic metal vapour lasers (MVL)
7.2.7 Molecular gas lasers

Optically pumped lasers

7.3.1 Solid-state lasers

7.3.2 Dye lasers

The semiconductor laser

7.4.1 The homojunction semiconductor laser
7.4.2 Heterojunction structures

7.4.3 Gain and index guided lasers

7.4.4 Beam divergence

7.4.5 Spectral output

250
253
258
260
261
263
267
269
270
273
275
278
279

280
283
283
286
290
294
302
309
311
312

314
314
316
316
321
323
332
339
341
343
359
365
379
387
388
394
396
399
401



Contents ix

7.4.6 Distributed feedback structures

7.4.7 Quantum well structures

7.4.8 Laser diode arrays

7.4.9 Materials and manufacturing techniques
Problems

Notes

References

8 Transient effects
8.1 Relaxation oscillation
8.1.1 Effects of pump modulation
8.2 (Q-switching
8.2.1 Theory of Q-switching
8.2.2 Techniques for Q-switching
8.2.3 Passive Q-switching
8.2.4 Repetitive Q-switching
8.2.5 Gain switching and cavity dumping
8.3 Mode locking
8.3.1 Theory of mode locking in inhomogeneously broadened
lasers
8.3.2 Active mode locking (inhomogeneous lasers)
8.3.3 Passive mode locking
8.3.4 Active mode locking in homogeneously broadened lasers
8.4 The production of ultra-short optical pulses
Problems
Notes
References

Appendix 1 Quantum mechanics

Appendix 2 Spherical harmonics

Appendix 3 Propagation in planar dielectric waveguides

Appendix 4 The Wiener—Khintchipe theorem

Appendix 5 The condition for direct optical transitions between
conduction bands and valence bands

Appendix 6 Error signal using third harmonic of frequency-modulated
signal

Appendix 7 Optical heterodyne detection

Annendix 8 Jaser safety

Appendix 9 Physical constants and properties of some common
semiconductors at room temperature

Index

404
406
407
408
411
412
413

416
416
423
425
425
432
440
442
442
443

443
450
452
455
467
471
475
476

479
487
489
495

497

499
501

A2

508
509



	001.jpg
	002.jpg
	003.jpg
	004.jpg
	005.jpg
	006.jpg

