
105

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 105
ISBN 978-3-95806-052-4

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Re

so
na

nt
 M

ag
ne

tic
 S

ca
tt

er
in

g 
St

ud
ie

s
Ch

ris
tia

n 
M

ic
ha

el
 W

ei
er

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 105
ISBN 978-3-95806-052-4

Resonant Magnetic Scattering Studies using Synchrotron 
Radiation and Laser-Generated Extreme Ultraviolet Light

Christian Michael Weier



Forschungszentrum Jülich GmbH
Peter Grünberg Institute (PGI)
Electronic Properties (PGI-6)

Resonant Magnetic Scattering Studies using 
Synchrotron Radiation and Laser-Generated  
Extreme Ultraviolet Light

Christian Michael Weier

Schriften des Forschungszentrums Jülich
Reihe Schlüsseltechnologien / Key Technologies	 Band / Volume 105

ISSN 1866-1807		  ISBN 978-3-95806-052-4



Contents

1 Introduction 1

2 Fundamentals 5

2.1 Magnetism, Anisotropies and Domains . . . . . . . . . . . . . . . . . . . . . 5

2.1.1 Magnetism of Transition Metals . . . . . . . . . . . . . . . . . . . . 5

2.1.2 Energy Terms in Magnetism . . . . . . . . . . . . . . . . . . . . . . 6

2.1.3 Magnetic Anisotropy in Co/Pt Multilayers . . . . . . . . . . . . . . 8

2.1.4 Magnetic Anisotropy in CoPd Alloys . . . . . . . . . . . . . . . . . . 9

2.1.5 Magnetic Anisotropy in FePd Alloys . . . . . . . . . . . . . . . . . . 10

2.1.6 Magnetic Domains . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2 Classical Description of Magneto-Optics . . . . . . . . . . . . . . . . . . . . 14

2.3 Resonant Magnetic Scattering . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.3.1 Related Experimental Findings . . . . . . . . . . . . . . . . . . . . . 22

3 Coupled Domain Patterns studied with X-ray based RMS 27

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.2 Sample Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.3 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.4 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.4.1 CoPd and FePd Films . . . . . . . . . . . . . . . . . . . . . . . . . . 39

3.4.2 Micromagnetic Simulations . . . . . . . . . . . . . . . . . . . . . . . 44

3.4.3 FePd/CoPd Bilayers . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.4.4 CoPd/Pd/NiFe Trilayers . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.4.5 Resonant Magnetic Scattering at Pd M-Edges . . . . . . . . . . . . . 52

3.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4 Ultrafast Magnetization Dynamics in FePd/CoPd Bilayers 57

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

v



Contents

4.2 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5 Resonant Magnetic Scattering with Tabletop XUV Radiation 69

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.1.1 Laser Amplifier System . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.1.2 High-order Harmonic Generation . . . . . . . . . . . . . . . . . . . . 71

5.2 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

5.2.1 Considerations for the RMS Intensity . . . . . . . . . . . . . . . . . 78

5.2.2 Spectrum of the HHG Source . . . . . . . . . . . . . . . . . . . . . . 79

5.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

5.3.1 Sample Characterization using MOKE and MFM . . . . . . . . . . . 82

5.3.2 RMS with HHG - The Proof of Principle . . . . . . . . . . . . . . . 84

5.3.3 Laser-induced Modifications of Co/Pt Multilayers . . . . . . . . . . 86

5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

6 SAXS with Coherent XUV Light 93

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

6.2 SAXS from Fe and FePd Grains . . . . . . . . . . . . . . . . . . . . . . . . . 97

6.2.1 Sample Fabrication . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

6.2.2 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

6.2.3 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 99

6.2.4 Coherence and Speckle Contrast Considerations . . . . . . . . . . . . 104

6.3 Knife-Edge Diffraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

6.3.1 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

6.3.2 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 109

6.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

7 Summary and Outlook 113

Bibliography 115

Publications 133

Conference Contributions 135

vi



Contents

Danksagung 137

Curriculum Vitae 141

Erklärung 143

vii



105

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 105
ISBN 978-3-95806-052-4

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Re

so
na

nt
 M

ag
ne

tic
 S

ca
tt

er
in

g 
St

ud
ie

s
Ch

ris
tia

n 
M

ic
ha

el
 W

ei
er

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 105
ISBN 978-3-95806-052-4

Resonant Magnetic Scattering Studies using Synchrotron 
Radiation and Laser-Generated Extreme Ultraviolet Light

Christian Michael Weier


	Introduction
	Fundamentals
	Magnetism, Anisotropies and Domains
	Magnetism of Transition Metals
	Energy Terms in Magnetism
	Magnetic Anisotropy in Co/Pt Multilayers
	Magnetic Anisotropy in CoPd Alloys
	Magnetic Anisotropy in FePd Alloys
	Magnetic Domains

	Classical Description of Magneto-Optics
	Resonant Magnetic Scattering
	Related Experimental Findings


	Coupled Domain Patterns studied with X-ray based RMS
	Introduction
	Sample Characterization
	Experimental Setup
	Results and Discussion
	CoPd and FePd Films
	Micromagnetic Simulations
	FePd/CoPd Bilayers
	CoPd/Pd/NiFe Trilayers
	Resonant Magnetic Scattering at Pd M-Edges

	Conclusion

	Ultrafast Magnetization Dynamics in FePd/CoPd Bilayers
	Introduction
	Experimental Setup
	Results and Discussion
	Conclusion

	Resonant Magnetic Scattering with Tabletop XUV Radiation
	Introduction
	Laser Amplifier System
	High-order Harmonic Generation

	Experimental Setup
	Considerations for the RMS Intensity
	Spectrum of the HHG Source

	Results and Discussion
	Sample Characterization using MOKE and MFM
	RMS with HHG - The Proof of Principle
	Laser-induced Modifications of Co/Pt Multilayers

	Conclusion

	SAXS with Coherent XUV Light
	Introduction
	SAXS from Fe and FePd Grains
	Sample Fabrication
	Experimental Setup
	Results and Discussion
	Coherence and Speckle Contrast Considerations

	Knife-Edge Diffraction
	Experimental Setup
	Results and Discussion

	Conclusion

	Summary and Outlook
	Bibliography
	Publications
	Conference Contributions
	Danksagung
	Curriculum Vitae
	Erklärung
	Leere Seite
	Leere Seite



