Contents

Acknowledgements

v
Abstract (English/Francais) vii
List of figures xii
Introduction 1
1 Spin caloritronics and theoretical details of FMR 3

1.1 Spintronics & spin-dependenttransport . ...............c....... 3

1.1.1 FerromagnetismandMottsmodel . . . . .. ... .............. 3

1.1.2 Giant magnetoresistance & spin-transfertorque .. . . . . .. ... ... .. 4

1.2 Spincaloritronics . . . ... ... ... ... . e 5

1.2.1 Spin-dependentthermoelectriceffects . ................... 5

1.2.2 Collective effects: thermal-spin transfer torque & spin Seebeck effect .. 6

1.2.3 Effect of a heat current on spin-wavedynamics . .............. 9

124 YtriumIronGamet(YIG) . ... ..... .. it 14

1.3 Ferromagnetic Resonance and magnetization dyhamics theory. ......... 14

1.3.1 The Landau Lifshitzequation . . . . . . . ... ... ............. 15

1.3.2 Linearisation of the Landau Lifshitzequation . ............... 19

1.4 Uniform precessional mode of an ellipsoidal system . .. ... I 21

1.4.1 Linewidthof FMRabsorption. .. ....................... 23

1.5 Non-uniformexcitations. ... ... ... ... ... ... . ... 24

1.5.1 Exchangespinwaves . . ... ........c.u i eunnnneons 25

1.5.2 Magnetostatic wave modes - Damon Eshbachtheory ........... 25

2 Experimental methods 31

2.1 Inductive techniques for Ferromagnetic Resonance (FMR) . ........... 31

22 Experimentalsetup . ... ... ... ...t 33

221 GeneralOvVEIVIEW . . . . oo o oo et e ettt 33

2.2.2 Local microwaveresonator . . ... .. ... ..ottt 36

2.2.3 Other resonant systems - CPW-resonators . .. ............... 38

2.2.4 Alternative methods for probing the magnetization. . . . . ... ... .. 41

2.2.5 Investigatedsamples . . .......... e e e e e e 41

xi

Papa, Elisa digitalisiert durch

Magnetization dynamics of insulators subject to a heat current IDS Basel/Bern, im Auftrag der

2013 Schweizerischen Nationalbibliothek



Contents

2.3 Temperature gradientsetup . . . ......... e e et e e | 42
2.4 Temperature gradientimaging .. ... ........................ 42
2.5 Improved translation stage and cold fingersetup . ................. 46
3 Excitation of Magnetostatic Modes in YIG ? 49
3.1 Excitation spectrumofsinglecrystal YIG . . ... .................. 49
3.1.1 Qualitative analysisofspectra . ... ..................... 51

3.1.2 Calculation of MSW resonance fields and comparison with experimental
results . ... e 56
3.2 Furtherinvestigations .. ... ......... ... ...t eeni.. 60
3.2.1 RFprobeheightdependence . ..................... ve.. 60
3.2.2 Temperaturedependence . . . . ... ... ... ..ot euitunnenenn. 61
3.3 Excitation spectrum of polycrystallineYIG . ..................... 64

4 Observations of the effect of a

temperature gradient 69
4.1 Experimental results for single crystal YIG . ..................... 69
4.1.1 Longitudinally magnetizedYIG. .. ...................... 69
4,12 TransverselymagnetizedYIG . . ... ... ... ... ... ... ...... 79
4.1.3 Comparison with the effectofafieldgradient . . . ... ... ... .. .. 81
4.1.4 Transmissionmeasurements . . .. .. ... .. ..ot vtunu.n. 83
4.2 Experimental results for polycrystallineYIG ..................... 86
4.2.1 Transmissionmeasurements . . . . .. .. . ..o v v vt vt v 88
4.3 Experimentalresultsforpermalloy. .. ........................ 90
4.4 Heat driven magnetization dynamics - Interpretationofdata . . . ... ... .. 91
5 Conclusions and future perspectives 97
A Off-axis magnetic field of a current loop 99
Bibliography 110
List of abbreviations 111
Curriculum Vitae 113

xii



	vtls001725848 [TOC]
	Inhalt
	Seite 1
	Seite 2



