Contents

Abstract v
Résumé vii
Sommario ix
1 Introduction 1
1.1 Challengeofthisthesis . . .. ... ... .. ... ... ... .. ..... 2
1.2 Structureof the manuscript . . . . ... ... ... ... ........ 3
2 State of the art and Slot Waveguide Cavity design 5
2.1 Finite difference time domainmethod . . . . .. ... . ... ...... 5
2.2 State of the art - photonic and plasmonic waveguiding . ... ... .. 6
221 Slabwaveguides . . . ... ... ... ... ... ... 7
2.2.2 Rectangularcorewaveguides . ... ... ............. 11
223 Lightlosses. . . ... ... ... . ... . . ... 11
2.2.4 Metal-dielectricinterface . ... ... ............... 15
2.2.5 Two metal-dielectricinterfaces . . ... .............. 16
2.2.6 Periodic MIM array and effective medium theory . . . . . .. .. 17
2.2.7 Cascaded 2D MIM configuration . ... .............. 19
2.2.8 The slot waveguide cavity designconcept . . . . ... ... ... 22
2.29 Integratedbiosensors. . .. ... . ... .. ... .. ... ... 22
2.2.9.1 Advantages of integrated biosensors . . . . .. .. ... 23
2.2.10 Refractiveindexsensors . . ... .................. 24
2.2.10.1 Generalities . . . . . . ... ... ... . . .., 25
2.2.10.2 Measurementconcepts . . .. ... ... ........ 26
2.2.11 Summaryandconclusions . . . .. ... . ... .. ..., .. 28
2.3 Slot Waveguide Cavitydesign . .. ... .................. 30
23.1 Generalities . . ... ... .. .. e 31
2.3.2 Simulated optical properties of periodic SWC design . . . . . . . 33
2.3.2.1 Fabry-Pérot-like resonatormodel . . . ... ... ... 34
23.22 SWCslotmodes . ..................... 36
2.3.2.3 Shenseffective mediummodel . . . . ... ....... 38
Cosentino, Armando digitalisiert durch
Slot waveguide cavity IDS Basel/Bern, im Auftrag der

2013 Schweizerischen Nationalbibliothek



Contents

2.3.2.4 Sensing functionality .. .............. ... 39

2.3.2.5 Cascaded configuration . . ... .. ... ........ 39

2.3.2.6 Quasi-periodicSWCdesign . . . ... ... ....... 40

2.3.3 Rectangular core ridge SiO/Si/SiO; waveguide . . . . . . . . .. 42
2.3.4 1D dielectricwaveguides . . . . .. . ... ... oo 43
2.3.4.1 Slabwaveguides . ..................... 44

2342 Taperedslab. ... ... ................ .. 46

2.3.5 2D 16 pm-wide dielectric waveguide in SWC design . . . . . .. 47
2.3.5.1 Effectiveindexmethod . ................. 48

2.3.5.2 Finite difference modesolver . . . . ... ... ..... 50

2.3.6 FDTD simulations of taper and bend in SWC design . . . . . .. 52
23.6.1 Lineartaper . . . . .. ... ... e 52

2362 90°-bend........... ... ... 54

2.3.7 Summaryandconclusions . . . .. ..., .. .. L L 54
3 Fabrication 55
3.1 Pattern formation techniques —lithography . . . .. ... ... ... .. 55
3.1.1 Writing at the microandnanoscale . . . . . ... ......... 55
3.1.2 Photolithography . . . .. .. ... ... ... ... . .. ... 57
3.1.2.1 Maskless lithography for photomask fabrication . . . . 58

3.1.3 Electron beamlithography . . . . .. ... ... ........... 59
3.1.3.1 VistecEBPG5000 . . ... ................. 62

3.1.3.2 High resolution electron beamresists . . . ... .. .. 63

Resist selection for nanostructuration of SWC design . . 63

3.1.3.3 Insulatingsubstrates . . . . . ... ............ 64
Substrate selection for nanostructuration of SWC . . . . . 65

3.1.3.4 Linewidth fluctuations and resolution enhancement . 67
Electron beam lithography for nanostructuration of SWC 68

314 Summary. ... ..... ... ... 69
3.2 Deposition and pattern transfer techniques . . . .. ... ........ 69
3.2.1 Bottom-up and top-down approaches . . .. ... ........ 70
3.22 Depositiontechniques . . . .. ... ... ... .. ... ..... 70
3.2.2.1 Chemical vapor deposition . ... ............ 70
SiliconlayerinSWCdesign .. ............... 71

3.2.22 Sputteringdeposition . ... ... ... ... ...... 71

Silicon dioxide layer in SWCdesign . . . .. ........ 72

3.22.3 E-beamevaporation . ................... 72

Gold layerinSWCdesign . . . .. ... ........... 73

3.2.3 Patterntransfertechniques . ... ... ... ... ........ 73
3.23.1 Lift-off method 74

ZEP520A lift-off for metallic cavity pattern in SWC design 76
3.2.3.2 Gold wet etching

......................



Contents

Wet etching of exceeding gold in SWC design . . . . . .. 77

3.23.3 ReactivelonEtching . . ... ............... 78

Thin and deep dry etching in SWCdesign . ... ... .. 79

324 Summary. . .. ... ... e e e 79

3.3 Fabrication processflow . .. ... ... ... . ... .. ... .. ..., 80
3.3.1 Wafer and multilayer thin films: fabrication of guiding layers . . 80

3.3.2 Nanostructuration: fabrication of thegoldcavity . . . . . .. .. 81

3.3.3 Microstructuration: fabrication of the waveguide . . . . . . . .. 83

334 Cleaving . . . . . . . i i e e e e e 86

3.3.5 Fabricationprocessflow . . .. ... ... ... .......... 86

3.3.5.1 Fabricatedsampletypes . . . . ... .. .. ... .... 90

3.3.6 Modification of the process flow for AAAdesign . ... .. ... 91

34 Summaryandconclusions . . ... ... .. ... ... .. ... ... 93

4 Characterization 97
4.1 Introduction . .. ... ... ... . ... 97
4.2 Experimentalset-up . ... ... ..... ... . ... ..., 99
421 Equipment. ... .. ... ... .. 99

4.2.2 Stateofpolarization . ............. .. ... ...... 100

4.3 Waveguide characterization . . ... .. ... .. ... ... ..... 102
4.3.1 Discontinuity losses and coupling efficiency . . ... ... ... 102

43.2 End-fireconfiguration ... ... ... ... .. ..., . ... 105

4.3.3 Butt-coupling configuration . . . . .. ... ... ... ...... 107

4.33.1 Cut-backmethod. ... ... ............... 109

4.3.3.2 Fabry-Pérotresonators ... ... ............ 109

4.3.3.3 Evaluationoflosses .. .................. 112

4.3.4 Slot Waveguide Cavity Characterization . . ... ...... ... 113

4.3.5 Cascadedslot waveguidecavity . . ... ... ........... 115

4.4 Refractiveindexvariation . .. ... ... ... ... .. ... ... ... 116
4.4.1 Water and water droplet sizeeffect . . . . ... ... ... .. .. 117

4,4.2 Water solutions of sodium chloride . . . . .. ... ... ..... 119

443 Organicsolvents. . . . ....... .. ... .. .. . ... ... 119

4.4.4 Exponential trenddiscrepancy . ... ............... 120

4.5 Single slot waveguide cavity and future perspectives . . . . ... .. .. 122
46 Conclusions . .. ... ... ... ... e 122

5 Conclusions 125
Appendices 126
A Refractive index based devices 127

A.1 Photonic crystal based switchablefilter . . . ... ... .... ... .. 127



Contents

A.2 Annular Aperture Array (AAA) embedded in a Si;N, waveguide . . . . . 130
B Mode solver methods 133
B.1 Two-layerslabwaveguides . . . . ... .. ... ... ... .. ... ... 133
B.2 The effectiveindexmethod . .. ... ... ................ 135
B.3 The finite difference mode solvermethod . . . . .. ... ... .. ... 136
C Light source and detection 137
C.1 SupercontinUum sSOUICE . . . . . . .. .. .. vt 137
C.2 Optical Spectrum Analyzer . . . ... ... ... ... ... ........ 138
List of figures 141
List of tables 146
Bibliography 149
Acknowledgements 163

Curriculum Vitae 167



	vtls001723555 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3
	Seite 4



