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6. Intrinsic Néel AFM multi-meronic solitons 79

6.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

6.2. Computational details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

6.3. Magnetic interactions and ground state of Mn-based thin films on Ir(111) . . 81

6.4. Topological magnetic states in frustrated Mn ultrathin films . . . . . . . . . 83

6.5. Stability against external magnetic fields . . . . . . . . . . . . . . . . . . . . 86

6.6. Emergence mechanism of the frustrated multi-merons . . . . . . . . . . . . . 87

6.7. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

7. Current-driven dynamics of AFM skyrmions 91

7.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

7.2. Computational details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

7.3. Trajectories of AFM skyrmions driven by perpendicular-to-plane currents . . 93

7.4. Directionality of the current-driven elliptical AFM skyrmions . . . . . . . . . 95

7.5. Thiele equation for elliptical AFM skyrmions . . . . . . . . . . . . . . . . . . 96

7.6. Current-driven dynamics of AFM skyrmions interacting with FM skyrmions 98

7.7. AFM-FM skyrmion interaction profile . . . . . . . . . . . . . . . . . . . . . . 100

7.8. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

8. Topological magnetism in diluted artificial adatom lattices 105

8.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

8.2. Computational details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

8.3. Magnetic interactions among the magnetic adatoms on Nb(110) . . . . . . . 107

8.4. Complex magnetic states emerging at the two types of diluted adatom-lattices 111

8.5. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

9. Conclusions 117

A. Appendix for chapter 4 121

B. Appendix for chapter 5 127

C. Appendix for chapter 6 131

D. Appendix for chapter 7 135

Bibliography 140



Schlüsseltechnologien / Key Technologies
Band / Volume 286
ISBN 978-3-95806-785-1

Schlüsseltechnologien / Key Technologies
Band / Volume 286
ISBN 978-3-95806-785-1

Ab initio investigation of intrinsic antiferromagnetic solitons
Amal Jawdat Nayef Aldarawsheh

286

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
A

b 
in

iti
o 

in
ve

st
ig

at
io

n 
of

 in
tr

in
si

c 
an

tif
er

ro
m

ag
ne

tic
 s

ol
ito

ns
A

m
al

 J
aw

da
t N

ay
ef

 A
ld

ar
aw

sh
eh


	Front page
	Acknowledgments
	Abstract
	Zusammenfassung
	List of publications
	Conference Contributions
	List of Symbols
	Introduction
	Topological spin textures: Skyrmions and merons
	Origin of magnetism
	Skyrmions
	Topological definition of skyrmions

	Magnetic interactions in atomistic models
	Exchange interaction
	Spin-orbit coupling induced magnetic interactions
	Zeeman Energy

	The extended Heisenberg Hamiltonian

	Multi-scale modelling – DFT in combination with atomistic spin dynamics
	The many-body Schrödinger equation
	Born-Oppenheimer approximation
	Density functional theory
	Hohenberg-Kohn theorems
	Kohn-Sham equations
	Exchange-correlation energy

	Ab initio method I: Plane waves basis and pseudo-potentials (Quantum Espresso)
	Plane waves
	Quantum Espresso

	Ab initio method II: Korringa-Kohn-Rostoker Green function method (KKR)
	Definition and general properties of a Green function
	Full potential
	Green function for free electrons
	Single site problem
	Multiple scattering theory
	Energy integration
	Spin-orbit coupling in KKR
	KKR self-consistent cycle

	Mapping procedure from ab initio of interaction parameters of an extended Heisenberg Hamiltonian
	Infinitesimal rotations method for calculating magnetic interactions
	Extraction of the magnetocrystalline anisotropy energy

	Atomistic Spin dynamics
	Landau-Lifshitz-Gilbert equation (LLG)
	Geodesic nudged elastic band method (GNEB)
	Monte Carlo (MC) simulations


	Intrinsic AFM skyrmions in Cr films interfaced with PdFe/Ir(111)
	Introduction
	Computational details
	First-principles calculations
	Hamiltonian model and atomistic spin dynamics

	RW-AFM state and emergence of intrinsic AFM skyrmions
	Elucidating the stabilization mechanisms of interchained AFM skyrmions
	Impact of magnetic field
	Stabilization mechanism for single AFM skyrmions
	Phase diagrams
	Thermal stability with geodesic nudged elastic band (GNEB) method
	Conclusion

	Spin model for intrinsic AFM skyrmions
	Introduction
	Computational details
	Minimal generic model for the RW-AFM state and emergence of AFM skyrmions
	Phase diagrams of the AFM skyrmions in a hexagonal lattice
	The shape of the AFM skyrmions
	Response to an external OOP magnetic field
	Effect of magnetic field on the thermal stability of single and double AFM skyrmions
	Conclusion

	Intrinsic Néel AFM multi-meronic solitons
	Introduction
	Computational details
	Magnetic interactions and ground state of Mn-based thin films on Ir(111)
	Topological magnetic states in frustrated Mn ultrathin films
	Stability against external magnetic fields
	Emergence mechanism of the frustrated multi-merons
	Conclusion

	Current-driven dynamics of AFM skyrmions
	Introduction
	Computational details
	Trajectories of AFM skyrmions driven by perpendicular-to-plane currents
	Directionality of the current-driven elliptical AFM skyrmions
	Thiele equation for elliptical AFM skyrmions
	Current-driven dynamics of AFM skyrmions interacting with FM skyrmions
	AFM-FM skyrmion interaction profile
	Conclusion

	Topological magnetism in diluted artificial adatom lattices
	Introduction
	Computational details
	Magnetic interactions among the magnetic adatoms on Nb(110)
	Complex magnetic states emerging at the two types of diluted adatom-lattices
	Conclusion

	Conclusions
	Appendix for chapter 4
	Appendix for chapter 5
	Appendix for chapter 6
	Appendix for chapter 7
	Bibliography
	Leere Seite
	Leere Seite



