Bibliografische Informationen
http://d-nb.info/1037100336

Contents

Abstract

1. Introduction

l.  Fundamentals of Scanning Probe Microscopy

2. Scanning Tunneling Microscopy

2.1. Principle . . . . . . .. ...
2.2. Derivation of the Tunneling Current . . . ... ... ..
2.3. Scanning Tunneling Spectroscopy . . . . . .. ... ...

3. Atomic Force Microscopy

3.1. Frequency Modulation Atomic Force Microscopy . . . .
3.2. Short- and Long-Range Contributions . . . . ... . ..
3.2.1. Van der Waals Forces . . ... ... ... .. ..
3.2.2. Electrostatic Forces . . ... ... ... ... ..
3.2.3. MagneticForces . . ... .............
3.2.4. Chemical Forces: Hard-Core Repulsion . . . . . .

Il. Materials and Methods

4. Experimental Techniques for Instrumentation
4.1. Material Selection for Ultrahigh Vacuum Applications

4.2. Heat Transport at Cryogenic Temperatures . . . . . ..
4.3. Magnetic Forces . . . ... ... ... ... ...

5. STM on Insulating Films

51. Coulomb Blockade . . . . ... ... ... ........
5.2. Level Broadening . . . . .. ... ... ..........

11

13
14
17
17
19
19
20

23

25
26
26
28

29
30
33

Xi


http://d-nb.info/1037100336

Contents

5.3. Atomic Manipulation on Insulating Films . . . ... ..

. Dynamic AFM with Submolecular Resolution

6.1. Small Amplitude Operation . . . . . .. ... ... .. ..
6.2. gPlus Sensor . . . . . ... ...
6.3. Noise Sources in Dynamic AFM . . . .. ... ... ....
6.3.1. Thermal Noise . ... ... ... .. .. ... ...
6.3.2. Detector Noise . . .. ... ... ... ... ....
6.4. Tip Functionalization . ... ... ... ..........
7. Experimental Setup and Sample Preparation
7.1. Experimental Setup . ... ... ... ... ... ...
7.2. Sample and Tip Preparation. . . . ... ... ... ....
7.2.1. Substrate Systems . . . ... ... ... ......
7.2.2. Tip Functionalization . . ... ... ... .....
8. Density Functional Theory Calculations
8.1. Introduction. . . . . . . . . . . ...
8.2. TH, DBTH and DNTH molecules . . . . .. ... ... ..

I11. Results

9. Design of an STM Head for Use in High Magnetic Fields

9.1. Magnet Cryostat . . . .. . ... ... ... ... ... ..
9.2. Design Goals of STM Head . .. ..............
9.3. Realization . ... ... .. ... . ... .. ... ...,
9.3.1. Vertical Piezo Motor for Coarse Approach . . . . .
9.3.2. Tip-Exchange Mechanism . . .. ... .......
9.3.3. SampleHolder . .. ... ... ...........
9.3.4. Lateral Piezo Motor for Coarse Approach . . . . .
9.3.5. Finite Element Analysis . . . . . ... ... .. ..
94. Conclusions . . . . . . .« . . . o e

10.Revealing Bistable Configurations of DBTH
10.1. Introduction . . . . . . . . . ... oo
10.2. DBTH and Related Molecules . . . . . . . ... ... ...
10.3. Bistable Switch of DBTH Molecules . . ... ... . ...

Xii

37
38
38
39
39
40
41

43
43
46
46
51

55
55
57



Contents

10.4. Revealing the Molecular Structure of Both Configurations 82

10.5. Determination of the Interconversion Pathway . . . . . . . 85
10.6. Force versus Distance Curves . . . . . . . . ... ... .. 86
10.7. Adsorption Site Determination . ... ... ... .. .. . 86
10.8.Conclusions . . . . . . .. ... oL 88

. 11.Symmetry-Dependence of Vibration-Assisted Tunneling 91
11.1.Introduction . . . . . . . . . ... 91
11.2. STS on Different Insulating Films . . . . . . ... ... .. 95
11.3. Spatial Dependence of Vibronic Excitations . . . . .. .. 97
11.4. Dependence on Wave Functions of Tip and Molecule . . . 99
115.Conclusions . . . . . . . . . .. ... 103
12, Conclusions ' 105
Bibliography 109
List of Abbreviations 125
List of Symbols 127
Acknowledgment 129
Curriculum Vit 130

xiii



