Table of Contents

ABSTRACT. |
ZUSAMMENFASSUNG "
ACHIEVEMENTS OF THIS WORK 9
1 INTRODUCTION 12
1.1 MOTIVATION
12, STATE-OF-THE-ART EO-MODULATORS .
1.2.1  Non-resonant modulator CONCEPts ............ccevuevvevvereesreeeeeannn 14
1.2:2. »*Resonant'modulatoriconcepts i i iiis s ST o 17
43 GOALS & VISION OF THE THESIS: PLASMONICS AS A VIABLE ALTERNATIVE TO
PHOTONIGEQ:-MODULATOR ;.- st S i S SR s s 18
2 FUNDAMENTALS 23
251 FUNDAMENTALS OF SURFACE PLASMON POLARITONS (SPP) ..

229, SPP WAVEGUIDES FOR ELECTRO-OPTIC (EO) MODULATOR
2.2.1  Confinement
2.2.2 Group index..
2.2.3  Ohmic Loss
2.2.4  Modulation speed.
2.2.5 Summary..........

2.3 ELECTRO-OPTIC MODULATION IN PLASMONIC WAVEGUIDES .
2.3.1  Nonlinear polarization
2.3.2  Electro-optic modulation
2.3.3  EO-materials for high-speed plasmonic modulators
2.3.4 2" order nonlinear materials based on organic compounds.. 52

2.4 NON-RESONANT AND RESONANT DEVICE ARCHITECTURES
2.4.1 Phase shifter .......
2.4.2  Mach-Zehnder interferometer .
2.4.3  Fabry-Pérot resonator.
2.4.4  Circular resonators for electro- optlc modulation........
2.4.5  Overview/ Summary of FOM

NON-RESONANT PLASMONIC MODULATORS..

3.1 ALL-PLASMONIC MACH-ZEHNDER MODULATORS ......ccvviiiiiiiriiieinieannens 81



Content

B EADStract:2 s S 81
3.1.2 Main Text et e RO R 82
352: 30 A Method s, s e B i I A e e SO el e 91
3.1.4  Supplementary Information..................ccceeevvierveiesienecenennans 91
342 PLASMONIC |Q-MODULATORS FOR ADVANCED MODULATION FORMATS ... 98
3: 295 Abstract.. v S s s S s 98
3:2:20sIntroduction st rsn sk S iR B e 99
3.2.3  Plasmonic Organic Modulators: Light Matter Interaction
beyond,the Diffraction’ Limit ...t o il e s e 103
3.2.4  Plasmonic Organic Hybrid Waveguides .................c..c.......... 107

3.2.5 Integrated All-plasmonic Mach-Zehnder Modulator .
3.2.6 Integrated Plasmonic IQ-Modulator
3.2.7 Summary

4  RESONANT PLASMONIC MODULATORS ........ccoenieriennennenennenenenne 133

4.1 PLASMONIC RING MODULATOR
4.1.1 Abstract
4.1.2  Manuscript
4.1.3 Methods
4.1.4  Supplementary Information.

5  ENHANCING THE EO-EFFECT OF ORGANIC MATERIALS........cccceune 161
5.1 HARNESSING MATERIAL RESONANCES .......coviiiiiiiiiiiiiiiiis e 161
5L L ADSERaCE: 85 s e e e S G SR RS 161
5:1. 22 vintroduction): i b s 161
5.1.3  Plasmonic-organic Hybrid Modulators...................cccccccueununs 163
5.1.4  Enhancing the Efficiency by Material Resonances................ 166
5.1.5  Simulation of the POH Modulator Performance Enhancement
169
5.1.6  Experimental Results - Measuring the Nonlinear Enhancement
174
5.1.7 Conclusion and Outlook 178
5.1.8 Appendix — Approximated FOM ...............ccccovercoerineenenenns 179
6  CONCLUSION AND OUTLOOK 181
APPENDIX A: SIMULATION METHODS 185

Content

APPENDIX B: GLOSSARY 187
AT N ES YV B 0 LS B e s 187
GREEK SYMBOLS . ... 188
ACRONYMS ..189
APPENDIX C: REFERENCES 193
ACKNOWLEDGEMENTS 207
LIST OF PUBLICATIONS 211
CURRICULUM VITAE 217




