Holograhpy

GISAXS

ajeosouenN

Magnetometry

Magnetoelectric

Manipulation of magnetism in iron oxide
nanoparticle / BaTiO3 composites and low-dimensional iron
oxide nanoparticle arrays

Li-Ming Wang

Schlisseltechnologien / Key Technologies
Band /Volume 180
ISBN 978-3-95806-351-8

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



Forschungszentrum Jilich GmbH
Jiilich Centre for Neutron Science (JCNS)
Quantenmaterialien und kollektive Phdnomene (JCNS-2/PGI-4)

Manipulation of magnetism in iron oxide
nanoparticle / BaTiO3 composites and
low-dimensional iron oxide nanoparticle arrays

Li-Ming Wang

Schriften des Forschungszentrums Jilich
Reihe Schlisseltechnologien / Key Technologies Band/Volume 180

ISSN 1866-1807 ISBN 978-3-95806-351-8



Contents

1 Introduction

2 Theoretical Background
2.1  Magnetic susceptibility . . . . . . ... oL
2.2 Magnetic interactions . . . . . . ... ..o
2.2.1 Magnetic dipolar interaction . . . . . . .. ... .. ... ..
2.2.2  Exchange interaction . . . . . . .. .. ... ... L.
2.3 Magneticorder . . . . ..o
2.3.1 Ferromagnetism (FM) . . ... ... ... ... . ... ...
2.3.2  Antiferromagnetism (AF) . .. ... ... oL
2.3.3  Ferrimagnetism (FiM) . . .. ... ... ... ... ... ...
234 Spinglasses (SG) . . .. ... oo o
2.4 Magnetic anisotropy . . . . ... ..o
2.4.1 Magnetocrystalline anisotropy . . . . . . ... .. ... L.
2.4.2 Shape anisotropy . . . . . . . . ...
2.4.3 Surface anisotropy . . . . ... ... oo
2.4.4  Strain anisotropy . . . . . . ...
2.5 Superparamagnetism . . . . . ... ..
26 Tronoxides. . . . . . . . . .
2.6.1 Wistite, Fe,O . . . . . . . . ..
2.6.2 Magnetite, FesOy4 . . . . . . . Lo
2.6.3 Maghemite, v-FeoO3 . . . . ..o
2.6.4 Hematite, a-FesO3 . . . . . . ..o oo
2.7 Ferroelectric and magnetoelectric materials . . . . . . .. ... .. ..
2.7.1 Piezoelectric and ferroelectric materials . . . . . . . . ... ..
2.7.2  Magnetoelectric systems . . . .. ... Lo
2.8 Scattering methods . . . . . . . ... Lo
2.8.1 Basics of scattering methods . . . . . .. ... ...
2.8.2 Braggscattering . . . .. ... L oo
2.8.3 Grazing incidence scattering - Reflectometry . . . . . . . . ..

3 Methods and Instruments
3.1 NP self-assembly methods . . . . ... ... ... ... . ......
3.2 Scanning Electron Microscopy (SEM) . . . . ... ... ... ... ..
3.3 Scanning Transmission Electron Microscopy (STEM) . . . .. .. ..

A%



VI CONTENTS
3.4 Atomic Force Microscopy (AFM) . . .. ... ... .. ... ..... 33
3.5 Piezoresponse Force Microscopy (PFM) . . . .. ... ... ... ... 34
3.6 SQUID magnetometry . . . . . . . . . .. ... 35
3.7 X-ray Reflectometry/Diffractometry (XRR, XRD) . . . . .. ... .. 38
3.8 Grazing Incidence Small Angle X-ray Scattering (GISAXS) . . . . . . 39
3.9 Polarized neutron reflectometry (PNR) . . . . ... ... ... .. .. 40

4 Results I: Iron oxide NPs on BTO single crystals 43
4.1 Sample preparation . . . . . .. ..o 43

411 BTOsinglecrystals . . . . . ... .. .. ... ... ... ... 43
4.1.2 NPs self-assembled on BTO . . . . ... ... ... ...... 47
413 BTO /Ti/NPmonolayers . .. ................ 49
414 Au/BTO /Ti/ NP monolayer /Au . ... ......... 50
4.2 Results. . . . . .. 51
4.2.1 Macroscopic magnetic properties . . . . .. ... ... ... 51
4.2.2  Analysis of the magnetic depth profile . . . . ... ... ... 66
4.2.3 Discussion and outlook . . . . . .. ... 72
4.3 NP multilayers on BTO substrate . . . . . .. ... ... .. ..... 78

5 Results II: Iron oxide NPs on BTO films 81

5.1 Sample preparation . . . . . . .. ... 81
51.1 BTO thinfilms . . . .. .. .. ... ... .. ... .. ... 81
5.1.2  Nb-doped STO / BTO / NP monolayers . . . ... ... ... 85
5.1.3 Nb-doped STO / BTO / NP monolayers / BTO / Au. . . . . 86

52 Results. . . . . .. 86

5.3 Discussion and outlook . . . . . .. ... oL oo 90

6 Results III: NPs self-assembled on patterned substrates 93
6.1 NPs / patterned sapphire substrates . . . . ... ... .. ...... 93
6.2 NPs / patterned Si substrates . . . . .. ... ... ... ... ..., 94

7 Summary and Outlook 105

8 Bibliography 109

List of Figures 121

List of Tables 133

List of Acronyms 134

Appendix 137

Acknowledgements 146



Schlisseltechnologien/Key Technologies
Band/Volume 180
ISBN 978-3-95806-351-8

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



	Leere Seite
	Leere Seite
	Leere Seite
	Leere Seite
	Leere Seite
	Leere Seite



