Contents

1 Preamble

2

3

1.1  The Need for Biosensors .. .............................
1.2 Dual-Mode Silicon Electro-Photonic Biosensors. . ............
1.3 Goalsof This Thesis. . .................. ... ... .......
1.4  Outline of the Thesis ......... ... ...... ... ... . ... ......
References. . . ... .. . . . . e

Introduction to Label-Free Biosensing. .

2.1 Motivation .. ... .
2.2 State-of-the-Art Label-Free Technologies .. .................
2.3 Single-Domain Techniques. .............................
2.3.1  Electronic Biosensing .. .........................
2.3.2  Photonic Waveguide-Based Detection Strategies. . . . . ..
2.4  Bi-Domain Techniques. .............. ... ... .. ... .......
24.1  Electrochemical Surface Plasmon Resonance .........
2.4.2  Electrochemical Quartz Crystal Microbalance
with Dissipation Monitoring . . ....................
2.4.3  Electrochemical Optical Waveguide Lightmode
SPECIrOSCOPY « .« v v v et et e
2.4.4  Electro-Photonic Silicon Biosensing . ...............
2.5  Self-assembled Monolayers. . ......... ... ... .. ... ... ...
2.5.1 Formation of Self-assembled Monolayers ............
2.5.2  Assembly of Silane SAMs on Silicon...............
2.6 SUMMATY . ..ottt e
References. .. ... .. .
Fabrication and Experimental Techniques . ....................
3.1 Introduction . ............ .. ...
3.2 Nanofabrication Processes . ............. ... ... ... .....
3.2.1 Diffusion Doping. . .......... .. ... .. ...
3.2.2 Thermal Evaporation. ...........................
3.2.3  Electron Beam Lithography. ... ................ ...

ENEEN BN NV N S

25

27
27
28
30
30
31
32

37
37
37
38
41
41

Xiii



Xiv

Contents
3.2.4 Reactive Ion Etching. ........................... 45
325 Microfluidics . . . ... ... 46
3.3  Electrochemistry. .. ... ... i 49
3.3.1 Semiconductor-Electrolyte Interfaces. ............... 49
3.3.2  Electrochemical Measurements . ................... 52
3.3.3 Cyclic Voltammetry ............................ 54
3.4  Electro-Optical Characterisation Setup . .................... 55
35 Summary ... 55
References. . .. ... . . . . 57
The Electro-Photonic Silicon Biosensor . . . ...... ... ... ... ... ... 59
4.1 AIternatives. . . . ...ttt 59
4.2 Profile Controlled N-Type Doping . . .......... ... ... ... ... 62
4.2.1 Bulk Doping Characterisation . . ................... 64
4.2.2  Doping Profile Characterisation. . .................. 65
4.3 Ohmic Contacts on Silicon. . ............................ 68
4.4  Combining Optical and Electrochemical Sensing . ............ 72
4.4.1  Summary of the Sample Fabrication Process. ......... 77
4.5 Doping Impact on the Optical Device Performance ........... 78
4.5.1 Assisted Optical Validation of the Q-Factor
ofalossy Cavity ....... ..., 80
4.5.2  Correlation Between Doping Concentration
and Optical Loss . ... ...... .. .. .. .. . ... 82
4.6  Dual-Mode Photonic/Electrochemical Validation . ............ 83
4.7  LiMitations . . .. ... ottt 87
4.8  Comparison to Similar Bi-Domain Approaches .............. 89
4.9  Summary .. ... 90
References. . .. ... . . 91
Study and Application of Electrografted Layers

of Diazonium Ions. . . ....... ... ... .. ... .. . . 95
5.1 Introduction .............. ... .. 95
5.2 Application of Diazonium Ions. .. ........... ... ... ... .... 96
5.3 Structure of Electrografted Layers of Diazonium Ions . ........ 98
5.3.1  Electrografting of 4-Ethynylbenzene Diazonium . . . . ... 98
5.3.2  Electrografting of the Diazonium Salt
of N-(4-aminophenyl)maleimide . .................. 100
5.3.3  Electrografting of 4-Azidoaniline. . . ................ 100
5.34  Control Experiments of the Electroreduction
of Diazonium Salts . ............. ... .. ... ..... 103
5.4  Functionalisation of Electrografted Layers
of Diazonium Ions .. ......... ... ... ... ... . . .. 105
5.4.1 Immobilisation of Thiolated Molecules.............. 106

5.4.2  Functionalisation Through Copper-Catalyzed
Azide-Alkyne Huisgen Cycloaddition (CuAAC)....... 107



Contents XV

5.5  Site-Selective Functionalisation of Optical Biosensors . ........ 108
5.5.1  Sensor Microarray Fabrication. . ................... 109
5.5.2  Selectively Functionalised Photonic
DNA Microarray . . ... ...ooeii i 109
5.5.3  Control Experiments for Selective
DNA Hybridization. .. .......................... 114
5.6 SUMMATY . ..ot 116
References. . .. ... . 117

6 Tailoring Light-Matter Interaction for Quantification

of Biological and Molecular Layers. . ...................... ... 119
6.1 Introduction .......... ... .. .. ... 119
6.2  Geometry Control on Silicon Electro-Photonic Biosensors:
The Cascaded Ring Resonator Configuration . .. ............. 120
6.2.1 Cascaded Ring Design and Fabrication.............. 121
6.3  Extraction of Thickness and Refractive Index. . .............. 125
6.4  Cascaded Rings for Characterising Biological
and Molecular Monolayers. . . ......... .. ... .. ... ....... 127
6.4.1 Control Experiment: Adsorption of BSA
on a Silicon Surface . .......... ... ... ... ... . ... 128
6.4.2  Characterisation of a MPTS SAM. ................. 129
6.4.3  Characterisation of an Affimers Biolayer............. 131
6.5 Dual-Mode Analysis of Electroactive Hairpin Shaped
DNA Strands Conformational Changes. .. .................. 133
6.5.1  Hairpin Shaped DNA Strands . . ................... 133
6.5.2 Dual-Mode Interrogation. . . ...................... 134
6.6  Comparison to Similar Approaches. . ...................... 140
6.7  ConcluSions . ........... i 140
References. . .. ... .. 141
7 Conclusions and Outlook . .. ... ...... ... .. ... ... ........... 143
7.1  Summary and Conclusions . ... .......................... 143
7.2 0utlook . ... 145
References. . .. ... .. . 146

Curriculum Vitae ... ... ... ... . ... . . . 147



2 Springer
http://www.springer.com/978-3-319-60500-5
Dual-Mode Electro-photonic Silicon Biosensors
losé, |.-C.

2017, ¥, 149 p. 105 illus., 89 illus. in color., Hardcover
ISBEMN: 278-3-319-60500-5



	Contents



