Table of contents

TABLE OF CONTENTS 5
ABSTRACT 7
ZUSAMMENFASSUNG 9
ACKNOWLEDGEMENTS 11
1. INTRODUCTION 13

2. THEORETICAL, EXPERIMENTAL BACKGROUND AND STATE OF THE ART.17

2.1  Silicon nanowire based biosensors 17
2,11 INIPOAUCHION. ...ttt ev s a e st ss s s seaen 17
2.1.2  Ion-sensitive field effect transistors as DiOSENSOFS.............oeuevvereeerevrceevrerererrerenns 17
2.1.3  Silicon nanowire FET DIOSENSOFS. .........c.coeceeureeurueieerererersseiessessssssessssssssesseseses 21
2.1.4  Signal-to-noise ratio in SilicOn NW FETS ..........ccouveveenereeienreeresseiesesssesssens 28

2.2  Noise Spectroscopy 30
2. 2.1 INIPOGUCHION..........ouoeeeneanieireieieeeeeieeeeee e et e e ss s st s s easeaseseseans 30
2.2.2  SPECIrAL AENSILY ..........oeoueeeeeieiieieieieeeeests ettt sesae e sae st sse st es s ns 31
2.2.3  Main sources of noise in Si NW FET ............ccoeeeoeenienneiieensnseessesessesssesesens 32

2.3  Electrogenic cells on FETs 42
2.3.1  IBIPOGUCHION........c..oeoeeeeeeeeeetieeree ettt sse e se s esaessesaesseseessenaesansassessans 42
2.3.2  Neuronal cells and the action potentiai ......................ccccvovvenereneveneenecssrerennens 42
2.3.3  Extracellular recording from a neuronal cell.................ooueerevunevenenvnurcrnenrennnns 46

24 Summary 49

3. MATERIALS AND METHODS 50

3.1 Introduction 50

3.2 Silicon nanowire FETSs 50
321 CHIDIQYOUL ...ttt et a ettt ae s sae e s snessassanes 50
3.2.2  Fabrication teChNOIOQY ..............cccuvueeeceecenienenianienseiesiesteeesessessessesaesasss e ssessanes 53
3.2.3  Encapsulation of the Si NW CRIDS .........ccouvevirenenieieieieieesensensesesssssssesiensenes 60

3.3 Si NW FET characterization 61
331  I-V CRArACLETIZALION ...ttt st 61
3.3.2  NOiSe SPECIrQ MEASUFEIMENLS ..............coceeeeeeerieeeieerensessensesessessssessessensansessessesenses 62
3.3.3  Transconductance MEASUFEMENLS ................cc.cvecveereerersesenserensessisseensesessssessesenans 64

Bibliografische Informationen ‘ E
http://d-nb.info/1079016805 digitalisiert durch

1
BLIOTHE


http://d-nb.info/1079016805

3.3.4  NOISE SPECHIA fUlING.........ooeeeeeeeeeeeeeeeeeteee ettt s s ee s sens 66

3.4 Neuronal cells on silicon nanowires 68
3.4.1  NaNOWIre teSt PAttern ............ccccuucvenunerueneeenerrenenisinesensssssessssssssesssssssssssasssssesesens 68
3:4.2  Cell CUITUP@............oeeeeeeeeeeeeeeeeeee ettt ettt s 68
3.4.3  Live/dead SIAINING............co.ccooecevoeneeiriecteeeeiensesisieesessssse s sssse st s s essesesersesennns 69
344 CellfIXALION ...t st ene 70

3.5 Summary 71

4. RESULTS AND DISCUSSION 72

4.1 Silicon nanowire FETSs based on single wire 72
411 INIPOGUCHION ...ttt ettt be ettt esa s essenennns 72
4.1.2  Charge and voltage Sensitivity Of Si NWS........ccoueuvvivevineinenerenieenseessesssnaseens 72
4.1.3  Influence of the liquid gate electrolyte on Si NW transport properties................ 84
4.1.4  Role of the NW parameters in the NW FET device characteristics...................... 91
4.1.5  Spectra of transconductance of Si NW FET. ..........uuceveeeveneeseeenreiesseeseiessenens 99
B.1.6 SUMIMGATY ..ottt ettt s s ettt aaesa e te s e s sae s e sesasenes 103

4.2 Si NW array FET structures for neuronal cell interfacing 104
4.2.1  Design considerations for Si NW arr@y FET............uoeveeereeereinreeniessesenenes 104
4.2.2  Simulation of front-back gate coupling in Si NWS.........cccoeecevveeeeivvrennerenenenns 106
4.2.3  Enhancing sensitivity of Si NW FET by liquid-back gate coupling.................... 111
4.2.4  Patterning PLL on Si NW FET SIFUCHUFES .........c.ccooueveeenerineerieieerisiesaenessnaens 123
4.2.5  Investigation of Si NWs / neuronal cell interface using FIB.............................. 125

5. CONCLUSIONS AND OUTLOOK 130

REFERENCES 133

PERSONAL PUBLICATIONS LIST 151




