
Contents 

1 Laser Basics 1 
1.1 What is a Laser? 1 
1.2 Light-Matter Interaction 2 
1.3 Population Inversion 3 
1.4 From an Amplifier to an Oscillator 5 

1.4.1 Role of the Resonator 5 
1.4.2 Spatial Characteristics of the Emitted Laser Beam 6 
1.4.3 The Spectrum of a Laser Oscillator 8 

1.5 Oscillation Condition 9 
1.6 How to Recognize Lasing? 11 
References 12 

2 Fundamentals of Organic Lasers 13 
2.1 Pi-Conjugated Molecular Systems 14 

2.1.1 General Properties 14 
2.1.2 Organic Semiconductors 16 

2.2 Photophysical Properties of Pi-Conjugated Systems 20 
2.2.1 Absorption of Light by Pi-Conjugated Systems 20 
2.2.2 Emission of Light by Pi-Conjugated Systems 29 
2.2.3 Jablonski Diagrams 32 
2.2.4 Photophysical Parameters Relevant 

for Organic Lasing 36 
2.2.5 Short and Long Wavelength Limits 

for Organic Lasers 38 
2.3 Triplet States and Their Influence on Lasing 41 

2.3.1 Nature of Triplet States 42 
2.3.2 The Exchange Energy 44 
2.3.3 Optical Generation of Triplet States 

by Intersystem Crossing 45 
2.3.4 Triplet Absorption 46 
2.3.5 Phosphorescence: Are Triplet Emitters 

Suitable for Lasing? 47 

http://d-nb.info/1030437637

http://d-nb.info/1030437637


x Contents 

2.4 Intermolecular Phenomena: Quenching and Energy Transfer. ... 48 
2.4.1 Physical Origin of Quenching/Energy Transfer 49 
2.4.2 Different Mechanisms of Bimolecular Interactions 52 

2.5 Equations for Organic Solid-State Lasers 56 
2.5.1 An Equation for the Evolution of the Photon Density ... 56 
2.5.2 Rate Equations: A Set of Equations Governing 

the Flow between Different States 59 
2.6 Temporal Dynamics of Organic Solid State Lasers 62 

2.6.1 The CW Lasing Condition 62 
2.6.2 Maximum Pulsewidth for Organic Lasers 64 
2.6.3 Temporal Dynamics Simulations 65 
2.6.4 Is It Better to Characterize Organic Lasers 

with Fluence (J/cm2) or Intensity (W/CITT)? 68 
References 69 

3 Organic Materials for Solid-State Lasers 75 
3.1 Molecular Materials Suitable for Laser Action 75 

3.1.1 Overview of the Different Families of Materials Used 
in Lasers 75 

3.1.2 Towards a Classification of Organic Laser Materials?. . . 77 
3.1.3 Small-Molecular Dyes 79 
3.1.4 Host Materials for Small-Molecular Dyes 83 
3.1.5 Organic Semiconductors 85 
3.1.6 What is a Good Laser Material? 87 

3.2 Materials Characterization 88 
3.2.1 Measuring Stimulated Emission: Optical 

Gain Measurements 88 
3.2.2 Loss Measurements 93 

3.3 Fabrication of Organic Lasing Gain Chips: Bulk Rods 
and Thin Films 96 
3.3.1 Bulk Rods 96 
3.3.2 Thin-Films 97 

3.4 Photodegradation Issues in Organic Lasers 101 
References 103 

4 Organic Lasers Resonators 107 
4.1 Cavities Made with Bulk Rods 107 
4.2 Cavities Based on Thin-Films 110 

4.2.1 Waveguide Lasers Ill 
4.2.2 Microcavities 118 
4.2.3 Vertical External Cavity Surface-Emitting 

Organic Lasers 121 
References 127 



Contents xi 

5 Novel Concepts for Organic Lasers 131 
5.1 The Organic Laser Diode 132 

5.1.1 History of a Long Quest 132 
5.1.2 Evidence of Extra-Losses Compared 

to Optical Excitation 132 
5.1.3 The Electrode Issue 134 
5.1.4 The Polaron Issue 135 
5.1.5 The Triplet Exciton Issue 135 

5.2 The "Indirect Electrical Pumping" Strategy 137 
5.2.1 Laser Diode Pumping 138 
5.2.2 Light-Emitting Diode (LED) Pumping 139 

5.3 Towards True Organic CW Lasers: Managing Triplet States. . . . 140 
5.4 Organic Lasers at the Nanoscale 142 

5.4.1 The "Spaser" and the Advent of Nanoplasmonics 142 
5.4.2 Strong Coupling and the Organic Polariton Laser 145 
5.4.3 The Photon Bose-Einstein Condensate 146 

References 146 

6 Towards Applications of Organic Solid-State Lasers 151 
6.1 Toward Real-Life Applications: The Major Issues 151 

6.1.1 Lowering the Threshold 151 
6.1.2 Extending the Wavelength Coverage 152 
6.1.3 Strategies for Advanced Wavelength Tunability 153 
6.1.4 Improving the Conversion Efficiency 

and Output Power 155 
6.1.5 What About Beam Quality? 156 
6.1.6 Enhancing the Lifetime of the Devices 157 

6.2 Spectroscopy 158 
6.3 Sensing 161 
6.4 Telecommunications 162 
References 164 

Index 167 


