Contents

Acknowledgements i
Abstract (English/Deutsch/Francais) iii
List of figures xiii
List of tables xvii
Abbreviations xix
1 Introduction , 1
2 Fundamental Theory of Tunneling with Superconductors 5
2.1 Microscopic Theory of Superconductivity . . . ... ................ 5
2.2 The Tunneling of Quasiparticles and Cooper Pairs. . . . . . ... ... ... ... 9
2.2.1 TheTunnelingEffect . . ... .......... ... ... ......... 9
2.2.2 Tunnelingof Quasiparticles . . . . . ...................... 9
223 AndreevReflections . .............. .. ... ... ., 12

2.2.4 Finite Lifetime Effects of Cooper Pairs on the Superconducting Density of
States . . . . .. e e 14
2.2.5 Tunneling of Cooper Pairs - The JosephsonEffect . . . ... ..... ... 14
2.3 Dynamics of the JunctionPhase (¢} .. ... . ... .. .. .. ... ... 17
2.4 Thermal Fluctuations of the JunctionPhase ¢(¢t) . .. .. ... .......... 20
2.5 Quantum Mechanics of a Josephson junction . ... ................ 23
3 Experimental 27
3.1 Scanning Tunneling MiCroSCOPY . . . .« v v v v v v v v e e e e e 27
3.2 Experimental Requirementsfor JSTM . . . .. ......... .. ... ...... 29
3.2.1 Mechanical Stability . . .. ... .. ... ... ... . o oL 30
3.2.2 Refrigeration to Millikelvin Temperatures. . . . ... ... .. .. ..... 31
3.2.3 Electronic Temperature and Energy Resolution . . . ... ......... 32
3.3 Sampleand Tip Preparation . . . . ... ... ... ...ttt 35
3.3.1 Preparation of Vanadium (001) Single Crystal . . . ... .......... 35
3.3.2 Preparation of Vanadium Tips . . . . ... ... ... ... o 36
3.4 Measurement CirCUIt . . . v o v v v v v e e e e e e e 36
ix

Jéck, Berthold 1985- (DE-588)107811627X digitalisiert durch

Josephson tunneling at the atomic scale IDS Basel/Bern, im Auftrag der

2015 Schweizerischen Nationalbibliothek



Contents

3.5 ExperimentalProcedure . . ... ... .. ... . ... .. .. .. .. 38
4 The Critical Josephson Current in the Dynamical Coulomb Blockade Regime 41
4.1 Introduction . . . ... .. .. .. . e 41
4.2 P(E)-Theory . . . . . . . e e e 43

4.2.1 Numerical Computation of the Pz (E) Distribution for an Arbitrary Impedance
Zr(V) o e e e e e e 47

4.2.2 Thermal Broadening of the P(E) Distribution due to Thermal Voltage

Noise u & Calculation of the Total P(E) Distribution . ........... 48
4.3 The Environmental Impedance of a Typical STM Geometry . . .. .. ... ... 49
4.4 Implementation of P(E)-Theory as Fitting Routine . . . ... ........... 51
4.5 Testing the Range of Validity for P(E)-Theory .. ... ............... 52
4.6 The Josephson Critical Current in the Dynamical Coulomb Blockade Regime . 58
47 Conclusion . . . ... .. .. L e 60
5 The AC Josephson Effect as a GHz Source on the Atomic Scale 63
5.1 Introduction . . .. .. ... .. . . e e 63
5.2 TuningtheTipEigenmodes . . . ... ... ... ... .. .. ... ... ..... 64
5.3 Numerical Simulations of the Environmental Impedance . ............ 68
5.4 Features and Perspectives of the AC JosephsonSTM . . .. . ... ... ..... 71
55 Conclusion . . . .. . . . . e e 73
6 Phase Dynamics of an Atomic Scale Josephson Junction 75
6.1 Introduction . . .. . .. . . .. e e e e 75
6.2 Defining the Quantum-Mechanical Regime . ... ................. 77
6.3 Theoretical Considerations . . ... .. .. .. ... ... . .. .. ... 79
6.3.1 Retrappinginto the Zero Voltage State. . . . . ... ... ... ....... 80
6.3.2 Stability of the Zero Voltage State . . . . . .. ... ... ... ........ 84
6.4 Numerical Simulation of the Phase Dynamics . ... ................ 87
6.5 Comparison of Current-biased and Voltage-biased Experiments . . .. ... .. 88
6.6 Analysis of the Voltage-biased Experiments . . . . . .. ... ............ 90
6.7 Analysis of the RetrappingCurrent . . . . . ... ... ... ... ... ...... 95
6.8 Analysis of the Zero VoltageState . . . . .. .. ... .. ... ... ......... 99
6.9 Conclusion . . . .. ... .. .. e e e 102
7 Conclusion & Outlook 103
7.1 Conclusion . . ... ... e e e e 103
72 Outlook . . ... 104
7.2.1 JSTM: Probing the Superconducting Ground State . . .. ......... 104
7.2.2 Cooper Pairs and Photons I: The AC Josephson Spectrometer . . . . . .. 105
7.2.3 Cooper Pairs and Photons II: Nonlinear Cooper Pair Tunnel Effects . .. 106
7.2.4 Tuning the Energy Scales: Coherent vs. Sequential Cooper pair Tunneling 107
7.2.5 Studying the Quasiparticle Dissipation of Josephson Junctions . . . . . . 108



Contents

Bibliography 111
Curriculum Vitae 123
Publications 125



	vtls001795465 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3



