Contents

1 Laser Basics . ........ ... ... . ... . . ... . ... 1
I Whatisalaser?........ ... .. i, 1
1.2 Light-Matter Interaction. . . . ... ... ... .. ... .. ... .... 2
1.3 Population Inversion . .. ........ ... .. ... ... . . ... . ... 3
1.4 From an Amplifier to an Oscillator . . . .. ......... ... . ... 5

141 Roleofthe Resonator . . . ... ... ... ............ 5
1.4.2  Spatial Characteristics of the Emitted Laser Beam . . . . . 6
1.43 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
223 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
234 Triplet Absorption. . ... .......... ... ... ... 46
2.3.5 Phosphorescence: Are Triplet Emitters

Suitable for Lasing? ... ....... ... ... ... ..... 47

Bibliografische Informationen digitalisiert durch E\I HLE
http://d-nb.info/1030437637 IBLIOTHE



http://d-nb.info/1030437637

Contents

2.4 Intermolecular Phenomena: Quenching and Energy Transfer. . . .

2.4.1
242

Physical Origin of Quenching/Energy Transfer. .. ... ..
Different Mechanisms of Bimolecular Interactions . . . ..

2.5 Equations for Organic Solid-State Lasers . . .. .............

251
252

An Equation for the Evolution of the Photon Density . . .
Rate Equations: A Set of Equations Governing
the Flow between Different States. . . .. ............

2.6 Temporal Dynamics of Organic Solid State Lasers . . .. ... ...

26.1
2.6.2
2.6.3
2.6.4

References

The CW Lasing Condition. . .. ..................
Maximum Pulsewidth for Organic Lasers .. .........
Temporal Dynamics Simulations. . . ...............
Is It Better to Characterize Organic Lasers

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

3.1.1

3.1.2
313
3.14
3.1.5
3.1.6

Overview of the Different Families of Materials Used

inLasers . ... .
Towards a Classification of Organic Laser Materials?. . .
Small-Molecular Dyes . . . .. ... ... .. ... ... ...
Host Materials for Small-Molecular Dyes . .. ... ... ..
Organic Semiconductors . .. ....................

3.2 Materials Characterization . .. ......... ... ... .........

3.2.1

322

Measuring Stimulated Emission: Optical
Gain Measurements. . . . . .. .. ..t
Loss Measurements. . .. ... ...t

3.3 Fabrication of Organic Lasing Gain Chips: Bulk Rods
and Thin Films . ... ... ... .. .

3.31
332

Bulk Rods . . ... ...
Thin-Films . . . ... ... ... .

3.4 Photodegradation Issues in Organic Lasers. ... ............

References

Organic Lasers Resonators. . . ... ... .. ... ... ...........
4.1 Cavities Made with Bulk Rods . . ... ....... . ... ........
4.2 Cavities Based on Thin-Films . . . . ... ... ... . ... .. ......

4.2.1
422
423

References

Waveguide Lasers. . . .......... .. ... ... ... ...
Microcavities . . ... ... .. . L
Vertical External Cavity Surface-Emitting

Organic Lasers . . ... ... ... ... ... ... ... .. ...

48
49
52
56
56

59
62
62
64
65

68
69

75
75

75
71
79
83
85
87
88

88
93



Contents

5 Novel Concepts for Organic Lasers. . . .....................

5.1 The Organic Laser Diode . . . . ........ ... ... ... ......

5.1.1 History of aLong Quest . ......................
5.1.2  Evidence of Extra-Losses Compared

to Optical Excitation . . ... ............ . ... . ...

5.1.3 The Electrode Issue. . .. ............. .. ... ... ..

544 ThePolaronlssue. .. ... ... ... ... ... ... ... ..

5.1.5 The Triplet Exciton Issue. . .. .. ...... ... .. .....

5.2 The “Indirect Electrical Pumping” Strategy . . ... ..........

5.2.1 Laser Diode Pumping ... ....... .. ... . ........

5.2.2 Light-Emitting Diode (LED) Pumping. ... ..........

5.3 Towards True Organic CW Lasers: Managing Triplet States. . . .

5.4 Organic Lasers at the Nanoscale . ... ...................

54.1 The “Spaser” and the Advent of Nanoplasmonics ... ..

5.4.2 Strong Coupling and the Organic Polariton Laser. ... ..

5.4.3 The Photon Bose-Einstein Condensate . .. ..........

References . . . ... ... ... . ... .

6 Towards Applications of Organic Solid-State Lasers . . . . . ... ...
6.1 Toward Real-Life Applications: The Major Issues. . .........
6.1.1 Lowering the Threshold. . . ........... ... ... ...
6.1.2 Extending the Wavelength Coverage. . .. ...........
6.1.3 Strategies for Advanced Wavelength Tunability . .. .. ..

6.1.4 Improving the Conversion Efficiency

6.1.5 What About Beam Quality? . . . .......... ... ... ...
6.1.6 Enhancing the Lifetime of the Devices ... ..........

6.3 Sensing ... ...
6.4 Telecommunications . . . . . ... v vt
References . . . .. . . .. . . e
Index . . ... .. e

Xi



