Contents

List of Figures 4
List of Tables 10
1 Introduction 13
2 Magnetism 17
2.1 Magnetization . . . . . . ... 17
2.2 Non-interacting atoms in magnetic field . . . . . ... .. ... 20
2.2.1 Diamagnetism . . . . .. ... .. 22

2.2.2 Paramagnetism . . . . . .. ... ... ... 24

2.3 Interacting atoms . . . . . ... ... 26
2.4 Ordered Magnetic Systems . . . . . . . ... ... ... .... 29
2.4.1 TFerromagnetism . . . . . . ... 29

2.4.2 Antiferromagnetism . . . . .. ... 33

3 Electrotransport in two dimensional systems 37
3.1 Formation of two dimensional electrongas . . . . .. .. ... 37
3.2 Mobility . . . . . . . . 39
3.3 Characteristiclengths . . . . . . ... ... ... ... 41
33.1 Wavelength . . ... ... ... ... ... 41

332 MeanFreepath . . . . . .. ... .. ... ... .. 42

3.3.3 Phase-scattering length . . . . . . ... ... ... ... 42

34 Drudemodel . .. .. ... ... o o 46
3.5 Quantum Hall Effect and Shubnikov-de Haas Oscillations . . . 43
3.6 Quantum corrections to conductivity . . .. .. ... ... .. 55

1

Bibliografische Informationen
http://d-nb.info/1046022008


http://d-nb.info/1046022008

CONTENTS

3.6.1 Weak localization . . . . ... ... ... ... ..... 55
3.6.2 Electron-electron interactions . . . . ... .. .. ... 57
3.6.3 Weak anti-localization . . .. .. ... ... ... ... 58
3.7 Anomalous Hall Effect . . . . ... ... ... .. ....... 60
3.7.1 Phenomenological description . . . .. ... ... ... 60
3.7.2 Two dimensional ferromagnetic Rashba model . . . . . 62
4 Experimental Techniques and sample preparation 65
41 Focusedionbeam . . .. . ... ... ... 65
4.1.1 Liquid metal fonsource. . . . . . . ... ... ... .. 66
4.1.2 Beam focusing and ion filtering . . . . . .. ... ... 67
4.1.3 Stopping and Range of lons in Matter . . .. ... .. 69
4.2 Rapid thermal annealing . . . . . .. .. .. ... .. ... .. 70
4.3 Electrotransport. . . . . .. ... ... 71
4.3.1 Sample preparation . . . . .. ... ... L. 71
4.3.2 Hall effect and magnetoresistance measurements . . . . 71
44 Magnetometry . . . . ... L 76
5 GaN for spintronics applications 77
5.1 Magnetic properties of Gd implanted GaN . . . . .. ... .. 7
5.1.1 Paramagnetism in Gd implanted GaN grown on Si (111) 77
5.1.2 Magnetic properties of MOCVD grown GaN . . . . . . 79
5.2 Effect of N implantation . . . . . e e e e 84
5.3 Anomalous Halleffect . . . ... ... ... ... ....... 87
5.3.1 Anomalous Hall effect and paramagnetism of

GaN/AlGaN HEMT structures . . .. .. ... .. .. 87

5.3.2  Origin of anomalous Hall voltage in GaN/AlGaN HEMT
structures . . . . . ... oL 91
5.4 Quantum corrections to the conductivity . . . . . .. .. ... 97
5.4.1 Weak localization and electron-electron interactions . . 97
54.2 Weak antilocalization . . . . . ... ... ... ... 100
5.5 Implantation tuned spin-orbit interactions in GaN HEMTs . . 103
6 Conclusions 107
Bibliography 111



CONTENTS

Appendices 119
A Appendix 121
Al Golub’smodel . . . . .. ... ... o 121
A.2 Hikami-Larkin-Nagaoka model of weak-antilocalization . . . . 125
A3 Tables . . . . . . . ... 126



