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0281 - Spin-transfer torque in ferrimagnetic tunnel junctions from first
principles

0282 - Strong suppression in inverse spin Hall effect at first order magnetic
phase transition temperature

0283 - Thermally assisted magnetisation reversal in a Giant
Magnetoresistive Junctions

0284 - Ultra-low switching current density in all-amorphous W-Hf / CoFeB /
TaOx film stacks with PMA

0285 - Voltage controlled mutual synchronization of spin Hall nano-
oscillators

P444 - Spin pumping in non-magnetic/epitaxial-ferromagnetic
heterostructures for spintronic applications

1. Biomagnetism and medical applications

P1 - Changes in Ca2+ Release in Human Red Blood Cells under Pulsed
Magnetic field

P2 - Co/Pd-based synthetic antiferromagnetic multi-stacks for biomedical
applications

P4 - Heat dissipation characteristics and functionalization of magnetic
nanoparticles

P5 - Immuno-magnetic sorting of circulating tumor cells using
microstructured NdFeB-PDMS composites

P6 - Influence of magnetic bead concentration on ferromagnetic resonance
based detection

473
475
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489
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P7 - Magnetic properties of Fe203 nanoparticles and naproxen in 513
mesoporous silica for drug delivery

P8 - Magnetic studies on Mn-Zn ferrite nanoparticles internalized into cells 515
P9 - Modelling of magnetic bead transport in a microvascular network 517
P10 - Spatial distribution imaging of magnetic nanoparticles using pickup 516
coil array -
P11 - TMek: magnetophoretic capture of malaria infected red blood cells 521
and hemozoin crystals
P12 - Tuning the Curie temperature in amorphous alloys by current 523
annealing for biomedical applications -
P13 - Viscosity-independent method for thermometry based on harmonic 525
signals of Magnetic Nano Particles
P14 - Wash-Free Detection of Biological Target Utilizing Agglomerate 527
Formation of Magnetic Markers

2. Electronic structure and strongly correlated electron systems including 528

superconductivity
P15 - S=1/2 coupled tetramer system Ba(TiO)Cu4(PO4)4 probed by 529
magnetization, specific heat, and 31P-NMR -
P16 - Structural, magnetic and transport properties of polycrystalline 53¢
La0.60-xPrxCa0.40Mn0O3 manganites
P17 - Electronic structure and phase transitions induced by magnetic field 531
and spin fluctuations in MnSi
P18 - Energy structure of the spin-polaron quasiparticles in the systems 532
with strong spin-fermion coupling
P19 - Exotic specific heat anomaly in GdY: true 5/2-order transition, arises 533
from the Lifshitz transition -
P20 - Harmonic voltage response to AC current in the nonlinear 534
conductivity of iridium oxide Ca5Ir3012
P21 - Heavy quasiparticle bands in the underscreened quasiquartet Kondo 535
lattice
P23 - LE-u+SR Study of Superconductivity in the Thin Film Battery Material 536

LiTi204

P24 - Magnetic orderings and ability to investigate correlated electrons 538
phase diagram in Mott insulators

P25 - Magnetic structure dependent phonon dispersion in fcc Fe 54C

P26 - Manipulation of charge density waves by adsorption of metals in 541
single layer niobium diselenide

P27 - Non-destructive determination of superconducting critical

temperature by polarized neutron imaging 242
P28 - Non-linear least squares fit of specific heat data within Schotte-

; 544
Schotte model using web page.
P29 - Observation of phonon anomaly in the hidden order at 105 K of 545
iridium oxide Ca51r3012
P30 - Pressure induced magnetic order in the FM metal-insulator 1D 546

magnet K2Cr8016

P31 - Resonant Inelastic X-ray Scattering investigations on correlated 547
electron materials

P32 - Striped charge density wave phase in niobium diselenide: anisotropy
from isotropic strain

P33 - The magnetic order in half-doped Lal.5Ca0.5Co04 by resonant
magnetic x-ray scattering

P34 - The spin blockade in GdBaCo0205.5 cobaltite at phase transition

548

54¢
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“metal-insulator”

P35 - “Unparticle” S=1 pseudospin description of unusual electron states in

cuprates
3. Frustrated and disordered magnetism, artificial spin ice

P36 - Can we probe in real space the whole phase digram of the kagome
dipolar spin ice?

P37 - Co-existence of long-range order and cooperative paramagnetism in

multiferroic hexagonal YMnO3
P38 - Correlation functions of the 1D dilute Ising model
P39 - Dielectric response of zig-zag spin chain B-TeVO4

P40 - Dynamical octupole structure factor of frustrated ferromagnetic
chain

P42 - Experimental study of BPCB in TLL phase

P43 - Exploring mixed valence states and its underlying physics in an
iridate: Ba3Colr209

P44 - Frustrated Pyrochlore Dy2GaSbO7: an unconventional spin ice with
enhanced zero point entropy

P45 - Magnetic fluctuations in a magnetic metamaterial

P46 - Magnetic order and energy-scale hierarchy in artificial spin-ice
structures

P47 - Magnetic spin correlations in the one-dimensional frustrated spin-
chain system Ca3Co0206

P48 - NMR study of spin dynamics in the alternating chain system with
defects Li3Cu2Sb06

P49 - Observation of long-range magnetic order in dipolar-coupled
nanodisk arrays

P50 - Phase diagram of the Heisenberg model on a bcc lattice with the
competing Interactions

P51 - Reducing the superparamagnetic blocking temperature of
nanomagnets using a heavy-metal interface

P52 - Spin liquids, spin glasses and ferrimagnets with the cubic B-Mn
structure

P53 - Thermally Active Square Artificial Spin Ice Probed by A.C.
Susceptibility

4. Magnetism in carbon-based and organic materials

P54 - Effect of light polarisation and magnetisation on the photocurrent of

MnOx/C60/Co

P55 - Electronic and magnetic properties of phtalocyanine molecules on
rare-earth noble-metal surfaces

P56 - Magnetic properties and degradation efficiency of magnetite/ceria
due to magnetite transformations

P57 - Magnetisation studies of two field-induced Er(lll) single molecule
magnets

P58 - Spin physics at the interface of molecules and inorganic substrates.
5. Magnetorecording media, magnetic memories and magnetic sensors

P61 - A flexible GMI sensor based on amorphous magnetic wires for
detection of surface deformations

P63 - Direct formation of CoFeB/MgO-based magnetic tunnel junction on
flexible substrate

P64 - Exchange Biased Structures Optimized for Magnetic Nanoparticles
Detection

554
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P65 - First Order Reversal Curves of [Ni/Co] modulated Nanowires for 3D 587
memory applications

P67 - High Frequency Ml in Amorphous Microwires for Magnetic Sensor

Applications >83
P68 - I__o_w Tc Fe-Cr-Nb-B glassy alloys with variable Cr content for high 59C
sensitivity temperature sensors

P69 - Magnetic Field Concentrator with Nanosize Cuts 591
P70 - MAGNETOMODULATION SENSOR BASED ON CERAMIC HIGH 597

TEMPERATURE SUPERCONDUCTOR

P71 - Properties of Magnetometer Utilizing High-Tc Superconducting Coil 593
and Inductance Modulation Scheme

P72 - Reducing the switching current with a DMI in ECC nanomagnets with 595
perpendicular anisotropy

P73 - Registration Magnetic Particles in Biological Objects 596
P74 - Sensoric application of bistable glass-coated microwires. 597

P76 - Topology optimization of magnetic structures using the adjoint

method >98
6. Magnetic thin films, multilayers, surface and interfaces 600
P77 - Amorphous interfaces: extending magnetic exchange coupling to the 601
mesoscale
P78 - An experimental study on magnetic field distribution above a 603
magnetic liquid free surface -
P79 - Anomalous Hall Effect characterisation of magnetic anisotropy in
. 604
Pt/CoFeB/Ir multilayers
P80 - Change of damping constant with microstructure in nanocrystalline 606
YIG thin films on Si substrate
P81 - Characterisation of Magnetostriction with Observation of Magnetic
; . 607
Ripple using Lorentz TEM
P82 - Conducting LavVO3/SrTiO3 Interface: Is Cationic Stoichiometry 608

Mandatory?

P83 - Control of magnetic structure in Co/Pd superlattices with
T L2 ; 609
Dzyaloshinskii-Moriya interaction

P84 - Controlling microscopic properties of polycristalline exchange bias

thin films 611
P85 - Controlling the crystalline and magnetic texture in sputtered 612
Fe0.89Ga0.11 thin films

P86 - Determination of the morphology of epitaxial Fe/MgO granular 613
multilayers by magnetometric technique -
P87 - Dipolar stabilized bubble-like skyrmions in Fe/Gd multilayers 615
P88 - Double magnetic proximity induced magnetization profile in an 617
Fe/Fe0.30V0.70 superlattice

P89 - Dzyaloshinskii-Moriya Interaction and Magnetic Anisotropy in 618
Ultrathin cobalt films

P90 - Dzyaloshinskii-Moriya interaction in Pt/Co/Ta multilayers with 61¢
engineered interfacial roughness N
P91 - Dzyaloshinskii-Moriya interaction in symmetric multilayers with 62C
different numbers of Co/Pd bilayers

P92 - Effect of Disorder on the Gilbert damping of B2 ordered Co2MnAl Full 622
Heusler Alloy Thin Films

P93 - Effect of oxygen content on structural and magnetic properties of 623
GCMO films

P94 - Electric-field control of perpendicular magnetic anisotropy and 624
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exchange bias in Co/CoOx/Hf02

P95 - Engineering the magnitude and the sign of the bias field in
orthogonally coupled SmCo5-CoFeB films

P96 - Exchange biased Hard/ Frustrated ferromagnetic bilayers analysis
using static MH loops and FORCs

P97 - Ferromagnetic Resonance and Inverse Spin Hall Effect in Permalloy/Pt
bilayers

P98 - Ferromagnetic Resonance of FeSiB amorphous thin films

P99 - First-order metamagnetic transition in sub-10-nm-thick FeRh films:
Microstructure role.

P100 - First-principles study of magnetic structures in Fe/Rh bilayers on
Re(0001)

P101 - Free-standing magnetic membranes for spin polarimetry
P102 - High coercive ultra-thin films of L10-MnAl
P103 - Improving the Fe/Sb2Te3 interface quality with thermal annealing

P105 - In-situ differential phase contrast imaging of the AF/FM phase
boundary in FeRh-based thin films

P106 - Influence of adsorbed hydrogen on magnetic properties of ultrathin
Cobalt films in electrolyte

P108 - INFLUENCE OF EPITAXIAL STRAIN ON ELECTRONIC TRANSITIONS IN
LA2/3SR1/3MNO3 ULTRATHIN FILMS

P109 - Investigation of Magnetic anisotropies and Exchange Bias in
ultrathin IrMn/Co/Si(100) thin films

P110 - Investigation of magnetic domains in (YSmLuCa) 3(FeGe) 50 12
films using MFM and other techniques

P111 - Investigation of magnetic MAX phases and i-MAX phases

P112 - Large variation of the g-factor in exchange spring [CoFeB/Pd]/Co
multilayer

P113 - Magnetic and structural ordering in Fe304-Metal interfaces
P114 - Magnetic and Structural Properties of CoZn Alloy Thin Films

P115 - Magnetic anisotropy in cobalt thin films modulated by organic
semiconductors.

P116 - Magnetic phase transition of FeRh/MnRh superstructures

P117 - Magnetic properties of (Y1-xCex)Co5 and (Y1-xSmx)Co5 thin films
grown by molecular beam epitaxy

P118 - Magnetic proximity effects in magnetic heterostructures.
P119 - Magnetic structure of monatomic Fe chains on Re(0001)

P120 - Magnetic structure study through polarized neutron reflectometry:
FePt thin film with stripe domains

P121 - Magnetization of Fe in epitaxial Fe\Cr\Fe tri-layers: effect of
structure & stress on the magnetism

P122 - Magnetization reversal and ferromagnetic resonance of heavy
metal/ferromagnetic heterostructures.

P124 - Magnetization reversal of strongly exchange-coupled double layers
of Co/Pt and TbFe

P125 - Magnon-mediated ferromagnetic coupling through
antiferromagnetic spacers

P126 - Managment of surface and magnetic structure of Ni-Fe
nanocrystalline films

P127 - Metadynamics study of spin-reorientation phase transitions in
ultrathin magnetic films
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P130 - Microstructure Evolution and Magnetic Properties of Nanocrystalline 668
Ni75Fe25 Thin Films

P131 - Modification of magnetic properties in thin films by substrate 66C
roughness -
P132 - Modification of the phase transition of FeRh thin films induced by 67C
capping of heavy metals

P133 - Non Walker limit of domain wall speed in Pt/Co/Ir/Co/Pt spin valve 671
with perpendicular anisotropy

P134 - Noncollinear spin density of an adatom on a magnetic surface 672
P137 - Processing effects on magnetic domains in amorphous soft 673
magnetic films in integrated devices

P138 - Pseudo soft phases in rare earth-transition metal alloys caused by 675
sample mounting during sputtering

P139 - Resistive Switching of SrlrO3 thin films in the vicinity of a Metal 677
Insulator Transition

P140 - Role of varying Co layer thickness on the magnetic properties of 678
Co/Si multilayers

P141 - Skyrmionic bubble devices made from Pt/Co/HM multilayers - a 679
feasibility study -
P142 - Sputtering of Soft Magnetic Thin Films on 300 CMOS for Integrated 681
Voltage Regulators

P143 - Static torques and low-frequency magnetisation dynamics in a zero- 682
moment half-metal

P144 - Structural and magnetic properties in low damping Fe/V(001) 684
superlattices

P145 - Structural and magnetic properties of V203/Ni epitaxial hybrid 685
magnetic heterostructures

P146 - Study of damping in Ru/Co-based multilayer thin films with 686
Dzyaloshinskii-Moriya interaction

P147 - The effect of various annealing treatments on Sr2FeMo06 thin films 687
P148 - The influence of composition on magnetic ordering in amorphous 688
Fel-x( Al0.80Zr0.20)x alloys

P149 - Tunable Anisotropy and Coercivity in Amorphous Tbh-Co/Sm-Co 68¢
Bilayer Films -
P150 - Tuning magnetic anisotropy in Co\Pt multilayers: crystalline texture 69C
vs. interface quality

P151 - Tuning of magnetic anisotropy in amorphous SmCo/CoAlZr thin 692
films

P152 - Velocity Enhancement by Synchronization of Magnetic Domain 693

Walls
7. Magnetism in alloys and intermetallics 694
P153 - (R,R')2Fel4B: Intrinsic properties and best compositions for

. 695
practical use
P154 - Ab initio inspection on the metallicity trends among rare-earth 697
permanent magnet compounds
P155 - Ab initio study of magnetic and structural properties of the Fel- 698
xMnxRh alloys (x = 0.5 -1)
P156 - Abnormal coercivity behavior and magnetostic coupling in 699
SmCoCuFeZr Magnets -
P157 - Crystallization kinetics of Fe80-xCoxP14B6 metallic glasses 70C
P158 - Emergence of room-temperature ferromagnetism in boron-added 702

Mn compounds



P159 - Exchange interactions and Gilbert damping in (Mn,Fe,Co)Ge B20 704
alloys

P160 - Growth and magnetodynamics characteristics of pulse laser

deposited Co2MnAl Heusler ailoy thin films 703
P161 - Influence of annealing on structure and magnetic properties in cold- 706
drawn nanocrystalline microwires
P162 - Interaction field in nanocrystalline Sm-Fe-Ti alloys 708
P163 - Laws of volume elasticity in deformational and energetic effect on 709
structural transformations -
P165 - Magnetic behavior of CoCrFeMnNi and derived high entropy alloys 71C
P166 - Magnetic interactions in nanocrystalline Sm-Y-Co alloys 711
P167 - Magnetic properties of Mn2XAl (X= Fe, Cr) Heusler compounds 712
P168 - Magnetic properties of OL52 and OL52/4 stainless steels under some 713
sea water corrosive action. -
P169 - Magnetic properties of the skutterudite-related stannides of 714
Sm3Co4Sn13 and Tb3Co4Sn13
P171 - On the magnetic hyperfine interaction at a Cd impurity in RCd: a 715
functional integral approach
P172 - Pressure dependence of the Griffiths phase in R5(SixGel-x)4 716
intermetallics
P173 - Soft Magnetic Co-Cu Alloys by High-Pressure Torsion Deformation 718
P174 - SPIN FLUCTUATIONS IN (Ce0.5Yb0.5)Ni5 INTERMETALLIC SYSTEM 719
P175 - SPIN FLUCTUATIONS, METAMAGNETISM AND MAGNETOCALORIC 720
EFFECT IN Gd10Co020Si70 AND Dy6.5C02Si2.5 ALLOYS
P176 - Structure and Physical Properties of CeGe2-x (x = 1/4) 721
P177 - Temperature dependence of the magnetic hyperfine field at a Ce 722
impurity diluted in RZn

8. Novel magnetic techniques 723
P178 - 3D printing of polymer-bound anisotropic magnets under an 724
external magnetic field
P179 - A new, fast and precise method for the determination of magnetic 726
particles' core size distribution
P180 - Advanced magnetic studies at the ALBA PhotoEmission Electron 727
Microscope
P181 - Broadband magnetoimpedance in La0.7(Sr,Ca)0.3Mn0O3 from 728
ferromagnetic to paramagnetic regime.
P182 - Development and Applications of a New Soft X-ray Ptychography 729
Microscope at the Swiss Light Source -
P183 - Investigating the local 3d spin with hard x-ray emission 731
spectroscopy
P184 - Magnetic force sensing using a self-assembled nanowire 732
P185 - Phase of Higher Harmonic of magnetic nanoparticles' magnetization 733
under low frequency magnetic field
P186 - Quantum Motion of Muons and Muon Spin Relaxation (muSR) 734
P187 - Simulations of atomic resolution differential phase contrast imaging 736
of magnetic materials
P188 - Transport and optical measurements of HgTe/HgCdTe

. A 737

heterostructures under high magnetic fields

9. Materials for energy (permanent magnets, magnetocalorics and soft 739

magnetic materials)
P189 - A simplified first-principles approach to entropy variations in
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magnetocaloric materials

P190 - ANHYSTERETIC MAGNETIZATION OF SUPERMALLOY COMPACTED
POWDER

P191 - Characterization and Magnetic properties of Nd-Fe-B Nanoparticles
Prepared by Cryo-milling

P192 - Coercivity of (SmZr)1(FeCo)11l-yTiy (y=1; 0.7) nanocomposite
prepared by high energy ball milling

P193 - Computational high-throughput screening of novel Rare-Earth free
hard magnetic phases

P194 - Current annealing crystallization of Co-rich amorphous microwires
for hard-magnet applications

P195 - DC MAGNETIC PROPERTIES AND COMPLEX PERMEABILITY OF WARM

COMPACTED NI-FE-MO POWDER

P196 - Effect of ball milling on magnetic properties of Nd-Fe-B particles
prepared by reduction diffusion

P197 - Effect of Chemical Pressure on Magnetic and Magnetocaloric
Properties of La(1-x)PbxMnO3+8

P198 - Effect of fluctuations suppression on magnetocaloric effect near
magnetostructural phase transitions

P199 - Effect of Si oxide layer on the properties of PLD-fabricated Nd-Fe-B
film magnets on Si substrates

P201 - First-principles studies on the effect of lithiation on properties of
magnetocaloric Fe2P compounds

P202 - Gd203 nanofibers: influence of iron on magnetocaloric effect

P203 - Giant magnetocaloric effect driven by RKKY-exchange field in
magnetic multilayers

P204 - Hard magnetic properties of melt spun NdFel0.5Mo1.5Nx for
permanent magnet application

P205 - High-field measurements of the thermal response, magnetization
and strain in FeRh-based alloys

P207 - Hydrothermal Decomposition of Chromium Trioxide to Form
Magnetic Metastable Chromium Dioxide

P208 - Increasing the energy product by combining two types of
SrFel12019 nanocrystallites

P209 - Interaction field in nanocrystalline Sm-Fe-Ti alloys

P210 - Interplay between chemical order and magnetic properties in L10
FeNi phase (tetrataenite)

P213 - Large magnetocaloric effect at room temperature in
La0.5Pr0.2Ca0.15r0.2Mn0O3 manganite

P214 - M-Type SrFel2019 ferrites obtained directly from a-Fe203 as Fe
sources

P215 - Magnetic and structural properties of CeFel2-xMnx

P216 - Magnetic degradation of Sm2Co17 magnets for use in electrical
machines for aeronautical applications

P217 - Magnetic interactions in nanocrystalline Sm-Y-Co alloys

P218 - Magnetic properties and cation distribution of Nil-xZnxFe204
nanocrystallites

P219 - Magnetic properties enhancement of spark plasma sintered (MM)-
FeCo-B magnets

P220 - Magnetic property improvement of melt spun LaCo5 ribbons with Y

substitution
P221 - Magnetization and Magnetocaloric Effect of MnFe4Si3 and Mn5Ge3
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P222 - Magnetization in W-hexaferrites by neutron powder diffraction and 774
magnetometry.

P223 - Magnetocaloric effect in cyclic magnetic fields: degradation and 776
frequency dependency

P224 - Magnetocaloric Effects of Nanocrystalline (Gd or Dy)vO4

Synthesized by Hydrothermal Methods 777
P225 - Magnetostructural investigation of exchange-spring composites by 778
combined X-ray & neutron scattering
P226 - Magnetothermal properties of amorphous alloys 776
Fe63.5M10Si13.5B9Nb3Cul (M = Cr, Mn, Fe, Co, Ni) -
P227 - Microstructure, soft magnetic properties and magnetocaloric effect
. . 78C
in Fe-Co-Si-B-Mo-P alloy
P228 - Nanocrystalline 1:12 Sm-Fe-(M, V) (M= Cu, Ti, Mo) magnets 781
P229 - On the correlation between glass formation & soft magnetism of Ni-

. 782
substituted Fe-based glassy alloys
P230 - On the martensitic transformation of Ni-Mn-In in pulsed magnetic 783

fields

P231 - Preparation and electro-magnetic properties of Fe- based SMCs with 784
resin bonded ferrite

P232 - Quad Flexural Beam based Magnetic Composite Device for 785
Harvesting Low Frequency Ambient Vibrations
P233 - Relationship between target materials and various properties of 786
PLD-made isotropic Nd-Fe-B films
P234 - Size effects on the energy product of CoFe204 magnet 787
P235 - Stabilization of tetragonal FeCo structure with high magnetic

. o 788
anisotropy by VN addition
P236 - Structural and magnetic properties of SrFe12019-NiO 79¢
nanocomposites for electromagnetic absorption
P237 - Structural and magnetic properties of the magnetocaloric compound 791

Mn3Fe2Si3
P238 - Synthesis of SrZn2Fel16027 using a solid salt matrix 792
P239 - The effect of Ti addition on the stability and workability of the t-

: 793

phase in MnAI-C alloys
P240 - The effects of Zr+Fe2B on NdFeB strip-cast material during the 794
Hydrogen Ductilisation Process (HyDP)
P241 - The Magnetic Phase diagram of Electrochemically Cycled NaxCoO2 795
P242 - Theoretical study of doped Fe35Sn compounds in the quest for good 796
rare-earth free permanent magnets

10. Micromagnetics and magnetization processes 797
P243 - 1D classical spin-dinamics simulation of two-sublattice compensated 798
ferrimagnets
P244 - A GPU Accelerated MicroMagnetic Simulator for Modelling Complex 80C
Magnetic Systems
P245 - A multiscale approach for magnetisation dynamics: Unraveling 801
exotic magnetic states of matter
P246 - ACCELERATION OF RESONANCE STATE CALCULATION USING THE 802
LLG EQUATION
P247 - Adaptive geometric integration applied to a 3D micromagnetic 803
solver -
P248 - Adequate meshing for micromagnetic simulations in systems with 805

cylindrical boundary conditions
P249 - Angular dependence of the magnetization process in amorphous



glass-coated nanowires 80¢€
P250 - Complex magnetic permeability determination for magnetic

. ) 808
microwires
P251 - Control of a Skyrmion motion by an angelfish racetrack 80¢
P252 - Current-driven Domain Wall Motion in Noncollinear 81C
Antiferromagnets
P253 - Different Interpretations for the Exchange Energy Term in 811
Micromagnetic Models
P254 - Digital signal processing analysis for Barkhausen noise response in 812
soft magnetic amorphous ribbons
P255 - Ferromagnetic resonance simulations for stochastic Landau-Lifshitz- 813
Gilbert equation
P256 - Finite size scaling and temperature dependent properties of 815
magnetite nanoparticles
P257 - From spiral to circular magnetic domain structure in microwires with 816
negative magnetostriction
P258 - Hybrid FFT algorithm for fast demagnetization field calculations on 817
nonequispaced layers
P259 - Hysteresis loop of skyrmionic structures confined in thin rings 819
P260 - MagTense - a new micromagnetism code 820
P261 - Micromagnetic study on reversal nucleation of magnetization 827
induced by magnetic nanoparticles
P262 - Realistic finite temperature description of magnetic systems with 823
quantum statistics
P263 - Reducing the switching current with an antiferromagnetic coupling 824

structure in nanomagnets
P264 - The profile of chiral skyrmions for a small radius 825
P265 - Thermally driven dynamics of Néel-type skyrmion in a

ferromagnetic nanodisk 827

P266 - Topological spin textures inside easy cone medium 828
11. Nanomaterials, patterned films, nanoparticles and molecular magnetism 83C

P267 - Analytical model of magnetization switching in amorphous glass- 831

coated nanowires and submicron wires

P268 - Asymmetry and resonant pinning spectroscopy of spin vortex pairs 833

P269 - Biocompatible magneto-elastic membrane with NiFe arrays: optical 834

response under magnetic actuation

P270 - Complex Refractive Index and Inhomogeneity of Electromagnetic 836

Fields inside 3D Magnetic Materials

P271 - Cr, Mn, Fe transition metal clusters on defected graphene: A First- 838

principles study

P272 - Decorated Manganese Ferrite Nanoparticles on MWCNTSs for Faster 830

Dye Removal without the External aide N

P273 - Defect ferromagnetism in SnO2:Zn 2+ hierarchical nanostructures 84C

P274 - Drug-release controlling nanoparticles with field-dependent spin- 841

correlated radical pair system

P275 - EFFECT ON MAGNETIC SATURATION WHEN ADDING COATINGS TO 847

MAGNETITE

P276 - In-detailed study of Magnetic, Dielectric and Microwave properties 843

on MnFe204 Nano-Hollow Spheres

P277 - Influence of Co nanocluster inclusions on magnetic hardness of L10- 844

FePt films
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P278 - Large coercivity Cr2Te3 ultrathin nanosheets synthesized by 84€
codoping Co and Se

P279 - Magnetic and Morphological Properties of Zn-Fe-Oxide-Based Core-

Shell Nanoparticles 84g
P280 - Magnetic coupling in bi-magnetic nanocomposites: a qualitative 846
evaluation N
P281 - Magnetic properties of molecular chain magnet based on Cu(ll) and 85¢
Fe(lll): a semiclassical approach.
P282 - Magnetic properties of wet chemically prepared Cu0.8Ni0.2 851
nanoparticle
P283 - MAGNETISM OF GREIGITE NANOPARTICLES OF DIFFERENT SIZES 853
P284 - Magnetization ratchet in cylindrical nanowires 854
P285 - Magnetoresistive sensors with Superferromagnets 856
P286 - Micromagnetic simulations for modulated permaloy nanowires 857
P287 - Microstructure and magnetic properties in core/shell nanoparticles: 858
(Co-, Ni-) ferrite/(CoFe, NiFe)
P288 - Probing magnetism of individual nano-structures using non- 86C
hysteretic Nb pu-SQUIDs
P289 - Processing and magnetoresistance-characterization of 861
supersaturated nanostructured bulk materials
P290 - Quantum fluctuations in magnetic nanostructures 862
P292 - Solvothermal synthesis of Fe3-504 nanorods and their magnetic- 863
field-assisted assembly
P293 - Structural and magnetic properties of ferromagnetic and exchange- 865
biased Janus Particles
P294 - Study of magnetic properties of arrays of iron-based nanowires by 866
FORC
P295 - Thermal traits of MNPs under high-frequency magnetic fields: effect 867
of magnetic size and coating
P296 - Tuneable magnetic properties of nanocrystalline Fe-Cr alloys 86¢
produced by severe plastic deformation -
12. Spin-orbit and topology driven phenomena 870
P297 - A general scheme to calculate the exchange interaction parameters 871
of the extended Heisenberg model
P298 - Antiferromagnetic topological insulator MnBi2Te4 872
P299 - Charge and spin transport in monoaxial chiral magnets 873
P301 - Current-Induced Domain Wall Motion with Very High Velocity in 875
Ferrimagnetic GdFeCo Wires
P302 - Database for spin Hall effect 876
P303 - Dissipative spin pumping into two-dimensional quantum spin Hall 877
insulator
P304 - Electric field effect on domain wall velocity and Dzyaloshinskii-
. L o 878
Moriya-Interaction in Co thin films
P305 - From Weiss-field to DM interaction for non-collinear magnets 879
P306 - Giant Spin Hall Effect in Weyl Semimetal at Room Temperature 88C
P307 - Impurity-induced topological phase transitions in Dirac semimetals 881
P308 - Magnetic interactions within the metallic coplanar anti-ferromagnet
882
weak ferromagnet Mn3Sn.
P309 - Magnetic torque anomaly in Dirac semimetal Cd3As2 884
P310 - Magnetization states in ultrathin films with Dzyaloshinskii-Moriya 885

interaction
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P311 - New Topological Semimetal Candidate of Nonsymmorphic PdSb2 88€
with Unique Six-fold Degenerate Point

P312 - Observation of Exchange Bias Effect in La2Cu0.9Cr0.1IrO6

887
compound
P314 - Relativistic mechanism of magneto-transport in the type-Il Weyl 888
semimetals
P316 - Spin Torque Ferromagnetic Resonance in Weyl
! 88¢
Semimetal/Ferromagnet heterostructures
P317 - Spin transfer from quantum spin Hall systems 890
P318 - Spin-orbit torque magnetization switching in Pt/Co/NiO structure 891
P319 - Stability of magnetic skyrmions in tilted magnetic field 893
P320 - Stability of magnetic skyrmions in ultrathin films and dots 895
P321 - Steering skyrmions with line defects: a Thiele's approach 89¢
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1451 - Hidden, Entangled and Resonating Orders

Plenary
Nicola Spaldin!
1 ETH Zirich

The concept of magnetic dipolar order -- for example ferro, ferri or antiferromagnetic -- is at
the core of our understanding of the behavior of magnetic materials, and is invaluable in
selecting and tailoring them for applications. Sometimes, however, magnetic materials
surprise us, and behave in ways that can not be captured within our established

paradigms, suggesting additional kinds of order that are not yet identified. The indicators
and implications of such ““hidden order" are the subject of this talk. Using multiferroic
composite order consisting of coupled electric and magnetic dipoles as a model, | will first
discuss hints of static hidden order in existing materials, the intriguing behaviors that such
hidden order causes, and experimental efforts that could unambiguously reveal it. Next, |
will describe new physics that can emerge when the order is explicitly quantum
mechanical, specifically the occurrence and signatures of multiferroic quantum criticality.
Finally, I will explore dynamical order, in which thermal effects or an external drive cause a
time evolution of the coupled quantum mechanical wavefunctions. | will outline promising
future directions in the heroic effort to unearth, explain and exploit these hidden, entangled
and resonating orders, which will doubtless keep us entertained for many years to come.
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1452 - Hysteresis design of magnetic materials for efficient energy
conversion

Plenary
Oliver Gutfleisch!
1 TU Darmstadt, Material Science, Functional Materials

Magnets are key components of energy-related technologies, such as direct drive wind
turbines and e-mobility. They are also important in robotics and automatisation, sensors,
actuators, and information technology. The magnetocaloric effect (MCE) is of strong
interest for new and disruptive solid state-based refrigeration. Magnetic hysteresis - and its
inherent energy product - characterises the performance of all magnetic materials. Despite
considerable progress in the modelling, characterisation and synthesis of magnetic
materials, hysteresis is a long-studied phenomenon that is still far from being completely
understood. Discrepancies between intrinsic and extrinsic magnetic properties remain an
open challenge and magnets do not operate yet at their physical limits. The design of
hysteresis for the magnets for the above applications requires an expanded detailed
knowledge on different length scales. Ultimately, new strategies for effective magnetic
hardening mechanisms of permanent magnets resisting high external magnetic fields and
temperatures and for strong thermomagnetic responses in low fields of magnetocaloric
materials will need to be derived.

[1] O. Gutfleisch, M. A. Willard, E. Brlck, C. H. Chen, S. G. Sankar, and J. P. Liu, Magnetic
materials and devices for the 21st century: stronger, lighter, and more energy efficient.
Adv. Mater. 23 (2011) 82.

[2] K.P. Skokov and O. Gutfleisch, Heavy rare earth free, free rare earth and rare earth free
magnets - vision and reality, Scripta Materialia View Point Set, 154 (2018) 289-294.

[3]1 T. Gottschall, A. Gracia-Condal, M. Fries, A. Taubel, L. Pfeuffer, L. Manosa, A. Planes, K.P.
Skokov, O. Gutfleisch, A multicaloric cooling cycle that exploits thermal hysteresis, Nature
Materials (2018).

[4] M. Duerrschnabel, M. Yi, K. Uestuener, M. Liesegang, M. Katter, H.-). Kleebe, B. Xu, O.
Gutfleisch, L. Molina-Luna, Atomic structure and domain wall pinning in samarium -cobalt
based permanent magnets, Nature Communications 8:54 (2017).

[51]. Liu, T. Gottschall, K.P. Skokov, J.D. Moore, O. Gutfleisch, Giant magnetocaloric effect
driven by structural transition, Nature Mat. 11 (2012) 620.

[6] O. Gutfleisch, T. Gottschall, M. Fries, D. Benke, |. Radulov, K. P. Skokov, H. Wende, M.

Gruner, M. Acet, P. Entel and M. Farle, Mastering hysteresis in magnetocaloric materials,
Phil. Trans. R. Soc. A 374 (2016) 20150308.
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1453 - Magnetoplasmonic nanodomes as a novel structure for
biomedical applications

Plenary

J. Nogues!, Z 11, A Aranda-Ramos?, A. Lopez-Ortega®, P. Guell-Grau?l, J.L. Tajadal, L.
Pou-Macayo?, F. PP, S. Lope Piedrafita?, M.D. Barc?, J. Sort?, P VavassorP, C. Nogues®, B
Sepulvedal

1 catalan Institute of Nanoscience and Nanotechnology (ICN2), Bellaterra, Spain

2 Universitat Autdnoma de Barcelona, Bellaterra, Spain

3 CIC nanoGUNE, Donostia-San Sebastian, Spain

Advanced nanobiomedical applications have been traditionally based on chemically
synthesized inorganic nanoparticles. Here we present a novel type of structure especially
suited for diverse biomedical uses: magnetoplasmonic nanodomes [1,2]. The nanodomes
are composed of a combined, magnetic and plasmonic, hemispherical shell deposited onto
100 nm diameter polystyrene beads. The variation of the materials and their thicknesses in
the shell enables tuning both the optical and magnetic properties of the nanostructures.
The very high plasmonic absorption of the nanodomes in the near-infrared is used for very
efficient local optical heating, i.e., photo-hyperthermia for cancer treatment [1]. The
nanodomes magnetic character allows to remotely manipulate them to easily regulate the
level of photo-hyperthermia. Moreover, given their asymmetric shape they exhibit strong
optic and magnetic anisotropies. Thus, the rotation of the nanodomes using alternating
magnetic fields can easily tracked optically using their different absorption depending on
the orientation. Since the rotation of the nanoparticles depends strongly on the viscosity of
the medium, which in turn depends on the temperature, the optical tracking of the rotation
can be used to accurately determine the local temperature around the nanodomes, i.e.,
nanothermometry [2]. Combining the nanodomes efficient photo-hyperthermia with their
nanothermometry capabilities, allows in-situ tracking the efficiency of photo-hyperthermia
treatments.

[1] Z. Li, et al. Appl. Mater. Today 12, 430 (2018)

[2] Z. Li, et al. Small 14, 1800868 (2018).
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1454 - Novel functions observed in a topological antiferromagnet

Plenary
Yoshichika Otanil 2- 3

1 Institute for Solid State Physics, The University of Tokyo, Kashiwa 277-8581 Japan
2 Center for Emergent Matter Science, RIKEN, Wako 351-0198 Japan
3 CREST, JST, Japan

ORecently a chiral antiferromagnet Mn3Sn has been demonstrated to exhibit a large

anomalous Hall effect (AHE) at room temperature, the magnitude of which reaches almost
the same order of magnitude as in ferromagnetic metals irrespective of a tiny spontaneous
magnetization of about 1 mT [1]. The first principle calculation revealed that this large AHE
originates from a significantly enhanced Berry curvature associated with the formation of
Weyl points near Fermi energy [2,3]. Even more recently detailed comparison between
angle-resolved photoemission spectroscopy (ARPES) measurements and density functional
theory (DFT) calculations revealed significant bandwidth renormalization and damping
effects due to the strong correlation among Mn 3d electrons. Magnetotransport
measurements provide strong evidence for the chiral anomaly of Weyl fermions, i.e. the
emergence of positive magnetoconductance only in the presence of parallel electric and
magnetic fields. In this way all the characteristic electronic properties of Mn3Sn implies that

spin Hall effect (SHE) could also take place in the Mn3Sn [4].

OIn this study we set up our device that consists of ferromagnetic NiFe (blue squares) and
non-magnetic Cu electrodes formed on the top surface of a micro-fabricated single crystal
of Mn3Sn. We found that antiferromagnets have richer spin Hall properties than non-

magnetic materials, that is, in the non-collinear antiferromagnet Mn3Sn, the SHE has an

anomalous sign change when its triangularly ordered moments switch orientation (see
figure). Our observations demonstrate that a novel type of contribution to the SHE
(magnetic SHE, MSHE) and the inverse SHE (MISHE) that is absent in nonmagnetic
materials can be dominant in some magnetic materials, including antiferromagnets. We
attribute the dominance of this magnetic mechanism in Mn3Sn to the momentum-

dependent spin splitting produced by the non-collinear magnetic order. This discovery
further expands the horizons of antiferromagnet spintronics, and motivates a more
universal outlook on spin-charge coupling mechanisms in spintronics [5].

a

[1] S. Nakatsuji et al., Nature 527, 212-215 (2015).
[2] ). Kuebler et al., EPL 108, 67001 (2014).

[31 H. Yang, et al,New J. Phys. 19, 015008 (2017) .
[4] K. Kuroda et al., Nat Mater. 16, 1090 (2017).
[5] M. Kimata et al., Nature 565, 627 (2019)
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1455 - Spin meet electric dipoles: modelling, discoveries and
perspectives

Plenary
Silvia Picozzi
1 Consiglio Nazionale delle Ricerche (CNR-SPIN), Chieti (IT)

1

The discovery of novel properties, effects or phenomena in modern materials science is
often driven by the quest for the coexistence and/or coupling of several functional
properties into a single system. Within this framework, | will focus on the microscopic
mechanisms leading to the interplay between spin and dipolar degrees of freedom, along
with their theoretical modelling. | will first address the coupling of long-range magnetic and
electric dipolar orders in multiferroics, in particular in electronic ferroelectrics, where the
spin/charge/orbital order induces an electric polarization. Second, | will discuss (non-
magnetic) ferroelectric semiconductors, where the spin-orbit interaction leads to a tight link
between Rashba spin-splitting in the electronic structure, spin-texture and electric
polarization.

The common denominator is to achieve the electric-field control of magnetism and,
therefore, the long-sought integration of spintronics with ferroelectricity.
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1401 - Artificial crystals and quasicrystals for nanomagnonics

Semi-Plenary
Dirk Grundler!

1 Laboratory of Nanoscale Magnetic Materials and Magnonics, Institute of Materials and
Institute of Microengineering, School of Engineering, Ecole Polytechnique Federale de
Lausanne, Station 17, 1015 Lausanne, Switzerland

Artificial crystals consisting of periodically modulated ferro- and ferrimagnetic thin films
have generated large interest for mastering magnons on the nanoscale and functionalizing
them in view of wave-based logic and computation (1). Specifically tailored magnonic
crystals were operated as grating couplers (2) and exhibited reprogrammable magnon
band structures (3). Here, artificial quasicrystals based on aperiodically patterned magnets
represent an interesting alternative as non-stochastic switching suggests reprogrammable
states controlled via global magnetic fields (4). Still, their experimental exploration in
magnonics is at its infancy.

We have created and studied planar magnonic crystals and quasicrystals nanopatterned
from either metallic ferromagnets (such as Permalloy and CoFeB) or the insulating
ferrimagnet yttrium iron garnet via lift-off processing or plasma ecthing. Using broadband
microwave spectroscopy, inelastic light scattering, micromagnetic simulations and
magnetic imaging techniques we investigated one-dimensional and two-dimensional
periodic lattices and aperiodic tilings (such as Penrose P2, P3 and Ammann tilings).
Relevant feature sizes and lattice constants varied from about 100 to 800 nm. In case of
aperiodic antidot lattices based on Penrose tilings we discovered worm-like nanochannels.
They promise an unexpected functionality in that they offer dense wavelength-division
multiplexing of magnons on the nanoscale.

The work has been performed in cooperation with K. An, K. Baumgaertl, V. Bhat, P. Che, C.
Dubs, F. Kronast, and S. Watanabe. It is funded via EPFL COFUND Grant No. 665667 (EU
Framework Programme for Research and Innovation (2014-2020) and through SNF under
grant numbers 163016 and 171003.

References

(1) A.V. Chumak, A.A. Serga, B. Hillebrands, J. Phys. D: Appl. Phys. 50, 244001 (2017)

(2) H. Yu et al., Nat. Commun. 7, 11255 (2016)
(3) M. Krawczyk and D. Grundler, J. Phys.: Condens. Matter 26, 123202 (2014)
(4) V.S. Bhat et al., Physica C: Superconductivity and its applications 503, 170 (2014)
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1402 - Complex domain interconnections in multiferroics

Semi-Plenary
Thomas Lottermoser!
1 ETH zirich, Switzerland

The coexisting magnetic and electric order in the so-called magnetoelectric multiferroics
leads to unique phenomena on the level of domains and domain-walls. A well-known
example is the one-to-one coupling of antiferromagnetic and ferroelectric order in type-ll
multiferroics with spin-induced ferroelectricity, which can be used to generate ferroelectric
head-to-head or tail-to-tail domain walls usually forbidden in conventional ferroelectrics. At
the same time, the rigid coupling makes the independent manipulation of magnetic and
ferroelectric domains almost impossible. Due to their inherently independent multiferroic
orders, type-l multiferroics, on the other hand, allow for a higher degree of control over
domain structures, but are also known for their comparable weak magnetoelectric coupling.
Here, | will demonstrate that using multiferroics with three or more order parameters will
combine the respective advantages of type-I and type-Il multiferroics without showing their
disadvantages. As an example, | will discuss the inversion of domains, i.e. the local reversal
of the order parameters with an external field in each domain while not changing the
overall domain pattern. Domain inversion in a magnetic or electric field is observed in the
three-orderparamter systems Co3TeOg, MN;GeOy4, and Dyg 7Tbg 3FeO3. The latter

compound additionally allows the controlled transfer of a magnetic into a ferroelectric
domain pattern and vice versa. On the level of domain walls, Dyg 7Tbg 3FeO3 shows another

uncommon behaviour, i.e. the existence of mulltiferroic domain walls in a purely
antiferromagnetic environment. Finally, | will discuss the coupling of ferroelectric,
antiferromagnetic and multiferroic order in hexagonal manganites. On a microscopic level,
this coupling leads to novel types of magnetoelectric domain walls and vortex-like magnetic
singularities. As a central technique to all the examples discussed here, we deployed
nonlinear-optical microscopy. Nonlinear-optics in form of second-harmonic generation has
been established as a versatile technique to its ability to simultaneously observe the
multitude of complex ferroic orders in multiferroics.
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1403 - Enhanced spin pumping into superconductors provides
evidence for superconducting pure spin currents

Semi-Plenary
Chiara Ciccarellil
1 university of Cambridge

Unlike conventional spin-singlet Cooper pairs, spin-triplet pairs can carry spin. Triplet
supercurrents were discovered in Josephson junctions with metallic ferromagnet spacers,
where spin transport can occur only within the ferromagnet and in conjunction with a
charge current. Ferromagnetic resonance injects a pure spin current from a precessing
ferromagnet into adjacent non-magnetic materials. For spin-singlet pairing, the
ferromagnetic resonance spin pumping efficiency decreases below the critical temperature
(Tc) of a coupled superconductor. Here, we present ferromagnetic resonance experiments
in which spin sink layers with strong spin-orbit coupling are added to the superconductor.
Our results show that the induced spin currents, rather than being suppressed, are
substantially larger in the superconducting state compared with the normal state; although
further work is required to establish the details of the spin transport process, we show that
this cannot be mediated by quasiparticles and is most likely a triplet pure spin
supercurrent.
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1404 - Field- and Pressure-induced phases in spin-orbit-coupled
frustrated models and materials

Semi-Plenary
Roser Valentil

1 |nstitute of Theoretical Physics, Goethe University Frankfurt, Max-von-Laue-Strasse 1,
60438 Frankfurt am Main, Germany

In the search for novel materials’ properties, the generation and manipulation of highly
entangled quantum states is a grand challenge of solid state research. Amongst the most
entangled proposed states are quantum spin liquids. In this context, the exactly solvable
Kitaev Z, spin-liquid model, for which finely tuned anisotropic interactions exactly

fractionalize spins into fermionic Majorana spinons and gauge fluxes has activated an
enormous amount of interest. Most specially since possible realizations may be achieved in
octahedral coordinated spin-orbit-coupled 4d5 and 5d5 insulators. However, the low
symmetry environment of the known Kitaev materials also allows interactions beyond the
Kitaev model that open possible new routes for further exotic excitations.

Based on ab /nitio and many-body simulations and comparison to experimental
observations, we will discuss in this talk, the challenges that one faces in designing such
materials and in identifying the origin of their excitations. We will further present recent
results on possible field- and pressure-induced phases obtained by adding to the Kitaev
model further interaction terms and will discuss the relevance of the results in relation to
honeycomb iridates and a-RuCls .
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1405 - Nanoscale magnetoelectric effects revealed by high-
resolution imaging

Semi-Plenary

Neil D Mathur!
1 Materials Science, University of Cambridge, Cambridge, CB3 OFS

| will present high-resolution imaging of ferromagnetic domains that undergo electrically
driven switching via strain-coupling to ferroelectric domains. First, | will show XMCD-PEEM
images of Ni films in which sub-90° switching reveals a hitherto unappreciated shear strain
due to ferroelectric domain switching in PMN-PT substrates. Then | will show large
magnetoelectric coupling between epitaxially grown manganite films that were transferred
to a ferroelectric substrate of much larger lattice parameter. [Photoemission electron
microscopy (PEEM) with magnetic contrast from x-ray magnetic circular dichroism (XMCD)
was performed at Diamond Light Source (UK), PMN-PT is
0.68Pb(Mg1,3Nb3/3)03-0.32PbTiO3.]
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1406 - Single-layer spin and orbitronics in a compensated
ferrimagnet

Semi-Plenary
Karsten Rodel
1 CRANN, AMBER and School of Physics, Trinity College Dublin, Ireland

Antiferromagnets and compensated ferrimagnets offer opportunities to investigate spin
dynamics in the “terahertz gap' because their resonance modes lie in the 0.3 to 3 Thz
range. The compensated ferrimagnets are especially interesting as they combine the
negligible net moment of antiferromagnets with a high (full) spin polarisation of the charge
carriers close to the Fermi energy, leading to strong magnetoresistive effects. This unique
combination of properties may in the future form the building blocks of chip-sized solid-
state non-linear electronic components that will allow heterodyne modulation and
demodulation with bandwiths exceeding the current state of the art by one to three orders
of magnitude.

Despite some inherent advantages when compared to ferromagnets, these materials have
not yet been extensively studied due to difficulties in exciting and detecting the high-
frequency spin dynamics, especially in thin films. In this contribution we show that in a
single layer of the highly spin-polarized, compensated ferrimagnet Mn,Ru,Ga, spin-orbit

torque resulting from spin-orbit interaction in crystals that lack inversion symmetry is
remarkably efficient at generating effective fields pgHefs. They approach 0.1 x 1010 T/(Am?2)

in the low-current density limit -- almost a thousand times the Oersted field, and one to two
orders of magnitude greater than the effective fields in heavy metal/ferromagnet bilayers.
In order to compensate the magnetic losses during precession, the current-induced fields
need to include an anti-damping component. From an analysis of the harmonic Hall effect
which takes account of the thermal contributions from the anomalous Nernst effect, we
show that the antidamping component of the spin-orbit torque is three times stronger than
the field-like component and that it is sufficient to sustain self-oscillation. This result
demonstrates that spin electronics has the potential to underpin energy-frugal, chip-based
solutions to the problem of ultra high-speed information transfer.
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1407 - Spin Dynamics in Complex Magnetic Nanostructures for
Magnonics

Semi-Plenary
Adekunle Adeyeyel , Goei Shimon!, Arabinda Haldarl, Chang Tian!

1 Information Storage Materials Laboratory, Department of Electrical and Computer
Engineering, 4 Engineering Drive 3, National University of Singapore, Singapore 117576,
Singapore

Advances in nanofabrication and novel detection techniques are providing researchers
worldwide with unprecedented understanding of magnetization reversal and control of their
dynamic behavior at nanoscale. This talk will be divided broadly into two parts:

The first part will focus on the direct probing of magnetization dynamic of individual
elements (such as dots and rings) using micro-focused Brillouin light scattering (BLS)
spectroscopy. The role of dipolar coupling on the dynamic behavior of individual disk has
been directly mapped in as systematic way using pairs of identical NiggFe,q disks with

varied inter-disk spacing in the range from 50 nm to 500 nm . Marked spectral and spatial
shift in the resonant mode is observed with increasing dipolar interaction. It is shown that
when nanomagnets are placed in close proximity in an array or cluster, their lattice
arrangement induces additional configurational anisotropy and largely modify their
dynamic properties [1,2].

The second part will focus on design and fabrication strategies for synthesizing
nanomagnetic networks with deterministic magnetic ground states [3]. Using micro BLS,
Reliable reconfiguration between ferromagnetic (FM), antiferromagnetic (AFM) and
ferrimagnetic ground magnetic states will be shown in rhomboid nanomagnets which
stabilize to unigue ground states upon field initialized along their short axis [4]. A novel
waveguide consisting of dipolar coupled rhombic shaped nanomagnetic chain that
eliminate the requirement of a stand-by power during operation will be presented. Spin
waves signal transmission, channelling and gating operations at zero field will be
demonstrated in dipolar coupled rhombic shaped nanomagnetic chain [5].

This work is supported by Ministry of Education Singapore Tier 2 funding via grant number:
R-263-000-C61-112.

[1] G. Shimon and A.O. Adeyeye , Adv. Electron. Mater. 2015, 1, 1500070 (2015).
[2] G. Shimon and A.O. Adeyeye , Appl. Phys. Lett. 109, 032407(2016).

[3] A. Haldar and A. O. Adeyeye, ACS Nano 10, 1690-1698 (2016).

[4] A. Haldar and A. O. Adeyeye, Appl. Phys. Lett. 108, 022405 (2016).

[5] A. Haldar, D. Kumar and A. O. Adeyeye, Nature Nanotech (2016).
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1408 - The potential and challenge of molecular spins for quantum
technologies

Semi-Plenary
Roberta Sessolil
1 Department of Chemistry, Universita degli Studi di Firenze, Italy

The spin is intrinsically a two-level system which can be coherently manipulated by
electromagnetic radiation, and spin impurities in inorganic semiconductors have been
proposed 20 years ago by Kane as a potential platform for quantum computing. Magnetic
molecules have been widely investigated because of the many quantum effexts in their
spin dynamics. More recently, molecules have been proposed as an alternative approach to
other quantum bit realizations, because they have the advantage of high tunability of the
relevant Spin Hamiltonian parameter through molecular design.

As far as the stringent Di Vincenzo criteria are concerned, magnetic molecules present
advantages and disadvantages compared to other qubit physical realizations. Decoherence
is clearly an issue, especially at high temperature, as a consequence of the softness of
molecular lattices. A rational design of the molecule can however limit the decoherence.
Our research has been focused on molecules comprising light transition metal ions with
asymmetric coordination mode to reduce orbital contributions and with rigid environments
preserve spin coherence even at room temperature [1].

On the other hand, molecules can be designed to host several qubits with a precise
control of their interaction allowing for the realization of quantum gates and quantum
simulator [2]. Molecules can also be processed to be deposited on surfaces allowing single
molecule addressing through scanning tunnel microscopy as well as the realization of
hybrid architectures. For instance the vanadyl-phthalocyanine molecule of Figure 1 can be
deposited intact on different substrates retaining the 5=1/2 features of the unpaired
electron in the well protected d,,, orbital. When deposited on a superconductor such as Pb
ultra thin films it shows a tuneable interaction of the molecular spin with the Cooper pair of
the underlying superconductor[3]. Such tuneability is not achievable with atomic spin
impurities.

Organization of magnetic molecules on surface is also of relevance to achieve an electric
control of the interaction between molecular spin qubits, as recently proposed for defects in
silicon. Recent results by employing electrically modulated EPR spectroscopy [4] have
demonstrated that the magnetic exchange interaction between molecular spins can be
controlled by an electric field without relying on large spin-orbit coupling.

[1] Atzori, M. et al. J. Am. Chem. Soc. 138, 2154 (2016). [2] Atzori, M. et al. Chem. Sci.

9, 6183 (2018).
[3] Malavolti, L. et al. Nano Lett. 18, 7955 (2018). [4] Fittipaldi, M. et al. Nature. Mater.

18, 329 (2019).
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1409 - Topological Magnon Materials

Semi-Plenary
Ingrid Mertig! , Alexander Mook?, Jirgen Henk?!
1 Martin Luther University Halle-Wittenberg, Germany

Topology has conquered the field of condensed matter physics with the discovery of the
quantum Hall effect. Since then the zoo of topological materials is steadily increasing. In
this talk, | demonstrate how to realize different topological phases with magnons: the
magnon pendants to topological insulators [1] as well as Weyl [2] and nodal-line
semimetals are presented [3].

Magnon bulk spectra are characterized by topological invariants, dictating special surface
properties. For instance, the bulk bands of topological magnon insulators (TMIs) carry
nonzero Chern numbers, causing topological magnon edge states that revolve
unidirectionally the sample [1]. Magnon Weyl semimetals possess zero-dimensional band
degeneracies acting as source and sink of Berry curvature; at their surface they feature
"magnon arcs" connecting the surface projections of Weyl points [2]. Magnhon nodal-line
semimetals exhibit one-dimensional band degeneracies, i. e., closed loops in reciprocal
space. Surface projections of these nodal lines host "drumhead" surface states whose
details depend strongly on the surface termination [3].

Similar to the electronic case, nonzero Berry curvature causes transverse transport, that is,
magnon Hall effects [1]. | show how these effects can be quantified by classical spin
dynamics simulations of the TMI Cu(1,3-benzenedicarboxylate) [4] and a skyrmionic TMI
[5].

[1] H. Katsura et al., Phys. Rev. Lett. 104, 066403 (2010); Y. Onose et al., Science 329, 297
(2010); R. Matsumoto et al., Phys. Rev. Lett. 106, 197202 (2011); L. Zhang et al., Phys. Rev.
B 87, 144101 (2013); A. Mook et al., Phys. Rev. B 89, 134409 (2014); A. Mook et al., Phys.
Rev. B 90, 024412 (2014)

[2] F.-Y. Li et al., Nature Commun. 7, 12691 (2016); A. Mook et al., Phys. Rev. Lett. 177,
157204 (2016)

[3]1 A. Mook et al., Phys. Rev. B 95, 014418 (2017)

[4] Chisnell et al., Phys. Rev. Lett. 115, 147201 (2015); Hirschberger et al., Phys. Rev. Lett.
115, 106603 (2015); A. Mook et al., Phys. Rev. B 94, 174444 (2016)

[5] A. Mook et al., Phys. Rev. B 95, 020401(R) (2017)
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14010 - Ultrafast pathways for all-optical reversal of magnetization

Semi-Plenary

Andrei Kirilyuk?!

1 FELIX Laboratory, Radboud University, Toernooiveld 7, 6525 ED Nijmegen, The
Netherlands

The incessant increase in the amount of digital data boosts the demand for faster, smaller,
and energy-effective data-recording technologies. One viable possibility is the all-optical
approach, which allows to control the magnetization of a medium using fs laser pulses only
[1].

First of all, it has been demonstrated that the magnetization of ferrimagnetic RE-TM alloys
and multilayers can be reversed by single fs laser pulses, without any applied magnetic
field [2]. This switching is found to follow a very peculiar pathway, that crucially depends
on the dynamic balance of net angular momentum, set by the two sublattices. The
switching is of a toggle nature, where every next laser pulse switches the magnetization to
the opposite direction.

Recently it has been shown, moreover, that the ferromagnetic Co/Pt and FePt layers can
also be switched optically, with the unambiguous dependence on the light helicity [3].
However, the observed effect is multi-pulse in nature and proceeds via stochastic
nucleation of reversed domains followed by a helicity-dependent deterministic growth [4].

Most exciting, recently an all-optical switching was demonstrated in transparent films of
magnetic dielectrics [5]. A linearly polarized fs laser pulse resonantly pumps specific
d—dtransitions, creating strong transient magneto-crystalline anisotropy. Selecting the
polarization of the pulse changes the direction of switching. This mechanism outperforms
existing alternatives in terms of the speed (less than 20 ps) and the unprecedentedly low
heat load.

Moreover, yet another mechanism of laser-induced switching was found in magnetic
garnets in the presence of strong in-plane magnetic field [6]. This mechanism is based on
an ultrafast heating of the lattice resulting in a rapid change of magneto-crystalline
anisotropy.

In this talk various switching mechanisms will be considered and compared, with the goal to
provide a clear picture of the processes accompanying the reversal at these ultrafast time
scales.

[1] A. Kirilyuk, A.V. Kimel, and Th. Rasing, Rep. Prog. Phys. 76, 026501 (2013)

[2] C.D. Stanciu et a/, Phys. Rev. Lett. 99, 047601(2007).

[3] C.-H. Lambert et a/, Science 345, 1337 (2014).

[4] R. Medapalli et al., Phys. Rev. B, 96, 224421 (2017).

[5] A. Stupakiewicz et al., Nature 542, 71 (2017); Nature Commun. 10, 612 (2019).

[6] C. Davies et al., arXiv:1904.11977 (2019).
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1301 - Magnetic labelling efficiency as a limiting performing
indicator for magnetic biochips

1. Biomagnetism and medical applications

Susana Cardoso de Freitas!' 2, Ana Rita Soares! 2, Ruben Afonso? 3, Moises Piedade>,
Veronica Martins!, Paulo P. Freitas! ¢

1 INESC Microsystems and Nanotechnologies (INESC-MN), Lisbon, Portugal

2 Instituto Superior Técnico, Universidade de lisboa, Lisbon, Portugal

3 INESC Investigacdo e Desenvolvimento (INESC-ID), Lisbon, Portugal

4 International Iberian Nanotechnology Laboratory (INL), Braga, Portugal

Spintronic biosensors, as many other types of biosensors, rely on labels for indirect target
detection and quantification, namelly, magnetic nanoparticles (MNPs). The magnetic
properties (magnetic moment and susceptibility) of those particles will greatly influence
sensor response, as well as the analytical figures of merit of the system [i.e. sensitivity,
selectivity, limit of detection (LOD), dynamic range and signal-to-noise ratio (SNR)].
However, other factors, such as particle size, surface functionalization, clustering tendency
and the number of labels per target unit (labelling efficiency), may also be determinant. For
dynamic platforms (eg. magnetic flow cytometers) where target entities are detected inside
a microfluidic channel while passing over the sensors, labelling efficiency and clustering
phenomena are particularly critical [1].

Improvement of the labelling efficiency can be achieved through the optimization of the
label bio-functionalization with a specific ligand. Pseudomonas aeruginosa, a bacterium
with growing clinical importance as a multidrug resistant pathogen, associated with serious
hospital-acquired infections, was used as experimental model. When the labelled bacteria
flow over the sensors, a characteristic bipolar peak is generated, which amplitude depends
on the number of labels attached to the cell [2]. The maximum number of phages per MNP
and maximum load of MNPs per cell, considering 250 nm diameter MNPs, were estimated
to be approximately 9 phages/MNP and 50 MNPs/cell, respectively. Using this input,
analytical simulations indicate maximum sensor signals of approximately 50 pV coming
from those magnetically labeled cells while passing close to the sensors surface.
Experimental tests were developed to assess both the MNP-phage conjugation, as well as
cell labelling and capture efficiencies, using conventional biotechnology methodologies
(culture plate, PFU and CFU).

Additionally, we will discuss clustering of the MNP, which may cause interference on the
detection signals and lead to misanalysis and false positives [1]. Two different approaches
were investigated, including the physical separation of the free particles from the labelled
cells or the use data analysis algorithms to distinguish between signals coming from free
magnetic MNPs (false positives) and magnetically labelled targets.

Finally, some key applications for the lab-on-chip magnetic cytometer will be described,
from veterinary to human health, biodefense and food industry. Examples include the
counting of pathogenic bacteria in milk, causing mastitis in dairy cows; the detection of
bacteria associated with human diabetic foot ulcer on samples of pus collected from
patient’s wounds; the analysis of anthrax spores in environmental air samples; or the
detection of food-borne bacteria in mayonnaise samples from a packaging line. The
challenges in magnetic labelling in these cases will be discussed.

[1] R. Soares et al., "Go with the flow: advances and trends in magnetic flow Cytometry,"
Analytical and Bioanalytical Chemistry, pp. 1-24, 2019.

[2] ). Loureiro et al., "Magnetoresistive chip cytometer" Lab on a Chip, vol. 11, pp. 2255-
2261, 2011.

[3] E. Fernandes et al., "A bacteriophage detection tool for viability assessment of
Salmonella cells" Biosensors and Bioelectronics, vol. 52, pp. 239-246, 2014.
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1302 - TMek: A QUANTITATIVE LAB-ON-CHIP RAPID DIAGNOSTIC TEST
FOR MALARIA

1. Biomagnetism and medical applications
Riccardo Bertaccol
1 Department of Physics, Politecnico di Milano, Milano (Italy)

The search for new rapid diagnostic tests (RDT) for malaria is a priority to fight this
endemic disease, according to WHO recommendations[1]. In fact, available RDT based on
the detection of antigens, suffer from several limitations: they are not quantitative, remain
positive for up to 1 month after last malaria attack, exhibit prozone effect at high
parasitaemia and also some false negatives. For these reasons WHO strongly recommend
the development of novel RDTs with same sensitivity of the gold standard (optical
microscopy examination) but a lower percentage of false positives.

In this paper, we disclose an easy to operate lab-on-chip diagnostic test, for the
quantification of the plasmodium parasitaemia, which could revolutionize the world of
malaria diagnostics. The method is based on the paramagnetic susceptibility of hemozoin
crystals [2] (the malaria pigment produce by plasmodium as by-product of hemoglobin
degradation) which are found within the infected red blood cells and free in the blood. A
silicon microchip, with an array of Nickel posts underneath suitable electrodes, is put in
contact with a smear of patient blood (7 microlL) diluted with an anticoagulant and PBS, in
the magnetic field produced by external magnets. Due to the competition between the
magnetic and gravity force, only infected RBC and hemozoin crystals are attracted towards
the concentrators, thus altering the impedance between electrodes. The entity of the
impedance variation turns out to be proportional to the parasitemia and/or the hemozoin
concentration, thus allowing for quantification.

Microchips with micron size Nickel concentrators and gold electrodes are fabricated using
optical lithography and lift-off. The chip is placed in a cartridge, defining the top of a cell
where the blood smear is introduced. The cartridge is then inserted in a portable reading
unit, containing the external magnets and the electronics for the impedimetric detection in
the MHz range.

TMek [3] has been first tested at the Sacco Hospital (Milano) on control blood samples from
healthy donors as well on some samples from patients affected by malaria, diagnosed by
haemoscopy and LAMP (Malaria lllumigene - Meridian EU). The test turned out to have a
limit of detection for parasitaemia around 0.003%, comparable with that of available RDT,
associated with an execution time of just 10 minutes, to be compared with the 20 min of
current TDR. A full clinical validation in endemic zone has been instead carried out in
Cameroon during April 2019 [4]. On more than 120 cases of patients suspected of malaria,
we checked our TMek test against the gold standard and conventional RDT. At variance
with RDT a negligible number of false positives was found, while in more than 80% of cases
the result of TMek is in perfect agreement with the therapeutical decision of the doctor.

REFERENCES

[1] World Health Organization, “Malaria Rapid Diagnostic Test Performance,” 2017.

[2] M. Giacometti et al., Electrical and magnetic properties of hemozoin nanocrystals, Appl.
Phys. Lett., 113, 203703 (2018)

[3] R.Bertacco et al., Italian Patent Applications 102017000082112(2017) and
102019000000821 (2019)[4]https://www.polimi.it/en/news-details/article/10/tmek-nuovo-
test-per-la-diagnosi-della-malaria-brevettato-dal-politecnico-6507
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1303 - ABO3 perovskites with Active A-sites

2. Electronic structure and strongly correlated electron systems including superconductivity
Tanusri Saha-Dasguptal
L Indian Association for the Cultivation of Science, Kolkata, INDIA

We consider ABO3 perovskites with active A site like Bi or Pb, which has extended 6s

orbitals. Using ab initio electronic structure and slave rotor theory calculations, we
demonstrate [1] that Aybridization-switching induced Mott transition happens in a class of
these compounds, namely BiNiO3 and PbCrO3 We show that these systems exhibit a

breathing phonon driven A-site to oxygen hybridization-wave instability which conspires
with strong correlations on the B-site transition metal ion (Ni or Cr) to induce a Mott
insulator. In contrast to perovskites with passive A-site cations, these Mott insulators with
active A-site orbitals are shown to undergo a undergoing pressure induced insulator to
metal transition accompanied by a colossal volume collapse due to ligand hybridization
switching. Finally, we contrast this situation with that of BiFeO3 or PbVO3 which shows
polar distortion rather than breathing distortion of A-O sublattice. We discuss the
microscopic origin of this contrast.[2]

Work carried out in collaboration with Atanu Paul, Anamitra Mukherjee, Indra Dasgupta,
Arun Paramekanti

[1] Atanu Paul, Anamitra Mukherjee, Indra Dasgupta, Arun Paramekanti, and Tanusri Saha-
Dasgupta, Phys. Rev. Lett. 122, 016404 (2019).

[2] Atanu Paul, Anamitra Mukherjee, Indra Dasgupta, Arun Paramekanti, and Tanusri Saha-
Dasgupta, preprint.
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1304 - Possible Chiral Majorana fermion in Elemental Thallium

2. Electronic structure and strongly correlated electron systems including superconductivity
Motoaki Hirayamal , Takuya Nomoto?, Ryotaro Arital

1 RIKEN Center for Emergent Matter Science

2 Department of Applied Physics, University of Tokyo

Recently, chiral Majorana modes, which are different from Majorana bound states localized
at point defects have attracted considerable attention because it can be used in non-
Abelian quantum computations. However, materials realization of chiral Majorana modes
still remains elusive, and a variety of possibilities have been investigated. While it has been
shown that a bulk spinless p+ipsuperconductor can host Majorana modes, they are
expected to be fragile against impurities. Although similar situation can be realized at the
interface of a topological insulator and a conventional s-wave superconductor, it is not an
easy task to observe Majorana modes in a heterostructure system since the quality of the
sample must be extremely high.

On the other hand, we may think about exploiting topologically non-trivial band structure in
superconductors such as 3-PdBi,, PdTe,, and PbTaSe,. However, in these materials, the
crossing point in the surface Dirac dispersion is energetically far away from the Fermi level.
While it has been recently shown that the surface Dirac point in Fe(Teg 555€q 45) is very
close to the Fermi level, it comprises of three elements and fine-tuning of the component
ratio is necessary.

Given this situation, it is an interesting challenge to seek for elemental metal for which
superconductivity and toplogical band structure coexist and the surface Dirac point is very
close to the Fermi level. In this talk, we will present our recent first-principles calculation
indicating that elemental hcp thallium is a topological superconductor, and by depositing a
ferromagnetic insulator, a chiral Majorana mode will appear at the edge of the
ferromagnetic island.
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1305 - Magnetic monopole dynamics in spin ice: An experimental
study

3. Frustrated and disordered magnetism, artificial spin ice

Elsa Lhotell, Carley Paulsen!, Sean R. Giblin?, Steve T. Bramwell®, Dharmalingam
Prabhakaran?, Kayuzuki Matsuhira®, Gheeta Balakrishnan®

L Institut Néel CNRS, Grenoble France

2 University of Cardiff, UK

3 University College London, UK

4 University of Oxford, UK

5> Kyushu Institute of Technology, Japan

6 University of Warwick, UK

Among the original magnetic states which emerge from frustrated magnetic systems, spin
ice has aroused a strong interest because beyond its macroscopically degenerate ground
state, the excitations can be described as magnetic charges, called magnetic monopoles.

At very low temperature, below 200 mK, spin ice dynamics is governed by these
monopoles. By performing thermal quenches in spin ice compounds down to these
temperatures, through a specific protocol called "avalanche quench" [1], we are able to
prepare samples with a very large out-of-equilibrium density of metastable magnetic
monopoles. We used this method to study the monopole dynamics in the spin ice
compounds Dy5Ti»O7 and Ho,Ti>O7, and could measure the monopole current as a function

of magnetic field [2].

In this talk, | will present some of our recent magnetization measurements which show that
even below 200 mK, there is a fast recombination of magnetic monopoles. The comparison
between magnetic relaxation measurements performed on several samples with different
isotopes gives insights on the quantum tunneling mechanism governing the hopping of
monopoles on the lattice, and shows the role of the dynamic coupling between the
hyperfine fields and the electronic spins associated with magnetic monopoles [3].

[1] C. Paulsen et al., Nature Physics 10, 135 (2014)
[2] C. Paulsen et al., Nature Physics 12, 661 (2016)
[3] C. Paulsen et al., Nature Communications 10, 1509 (2019)

LR L = £
HI[117]
T A i

1)
e

I liul."H:IJ
E Los)

Will=5g =l

] B E1if=e L)
q __j o ) ..'I - _.—-"I

M GBS 60 Gi5 62 005 63 035 Aa
H
w HITY
Figes 1; I-‘-‘ﬂ_l: b depomdeoon af '-|ll:|:|lF.I|:'|:||l|I sndanches tn

Ty sperieg iy cpior of praay rEipm popg vk
e

re fio sl e g e

Ty sarpden wvew vy

£°, mml ihm bllvel by erees wnil i i

ruapag ‘== feil

55



1306 - Topological Magnetic Writing: Defining specific frustrated
microstates in nanostructures

3. Frustrated and disordered magnetism, artificial spin ice

Will Branford?
L Imperial College London

Networks of magnetic nanostructures are of interest across a range of topics from novel
computation to magnonic crystals. One family of nanomagnetic arrays, characterized by

strong and frustrated magnetic interactions are the artificial spin ices (ASI).} ASI structures
have provided vast amounts of physical insight in recent years# in part due to their ability
to model complex systems® and exhibit exotic phenomena such as ‘magnetic monopole’-

like states®. The power of these networks stems from the extraordinary number of unique
microstates, even in systems comprising relatively few nanostructures. However, magnetic
nanoarrays in general, and ASI structures in particular, have yet to realise their full
potential as the majority of microstates remain inaccessible due to the rudimentary state-
writing tools currently available. An experimental means to prepare all potential
microstates has huge implications, including realising ASI as a tunable-bandgap magnonic

crystal7 or reconfigurable neural-network8. We present a novel MFM-tip based state writing

technique,? building on our previously demonstrated domain-wall injection process.10 It
requires no global fields and is applicable to all nanostructure architectures, providing
control over the spin-configuration and access to every possible microstate. We
demonstrate our method via realisation of several exotic and thus-far unobserved states,
unachievable via global field-protocols: ‘magnetic monopole-defect’ chains and the spin-

crystal ground statell of kagome ASI.

1 Wang, R. F., Nisoli, C., Freitas, R. S., Li, J. et al. Artificial 'spin ice' in a geometrically
frustrated lattice of nanoscale ferromagnetic islands. Nature 439, 303-306, (2006).

2 Branford, W. R., Ladak, S., Read, D. E., Zeissler, K. et al. Emerging Chirality in Artificial
Spin Ice. Science 335, 1597-1600, (2012).

3 Zhang, S., Gilbert, I., Nisoli, C., Chern, G. W. et al. Crystallites of magnetic charges in
artificial spin ice. Nature 500, 553-557, (2013).

4 Perrin, Y., Canals, B. & Rougemaille, N. Extensive degeneracy, Coulomb phase and
magnetic monopoles in artificial square ice. Nature 540, 410-+, (2016).

5 Qi, Y., Brintlinger, T. & Cumings, J. Direct observation of the ice rule in an artificial
kagome spin ice. Phys. Rev. B 77, 094418, (2008).

6 Ladak, S., Read, D. E., Perkins, G. K., Cohen, L. F. et al. Direct observation of magnetic
monopole defects in an artificial spin-ice system. Nature Physics 6, 359-363, (2010).

7 Heyderman, L. ). & Stamps, R. L. Artificial ferroic systems: novel functionality from
structure, interactions and dynamics. J. Phys.-Condes. Matter 25, 363201, (2013).

8 Wang, Y. L., Xiao, Z. L., Snezhko, A., Xu, J. et al. Rewritable artificial magnetic charge ice.
Science 352, 962-966, (2016).

9 Gartside, J. C., Arroo, D. M., Burn, D. M., Bemmer, V. L. et al. Realization of ground state in
artificial kagome spin ice via topological defect-driven magnetic writing. Nat Nanotechnol
13, 53, (2018).

10 Gartside, J. C., Burn, D. M., Cohen, L. F. & Branford, W. R. A novel method for the
injection and manipulation of magnetic charge states in nanostructures. Sci Rep-Uk 6,
32864, (2016).

11 Anghinolfi, L., Luetkens, H., Perron, J., Flokstra, M. G. et al. Thermodynamic phase
transitions in a frustrated magnetic metamaterial. Nature Communications 6, 8278, (2015).
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1307 - 2D magnets based on metal-organic frameworks

4. Magnetism in carbon-based and organic materials

Eugenio Coronadol, Javier Lopez-Cabrelles!, Samuel Marias-Valerol, Miguel Gavara?,
Guillermo Minguez-Espallargas’

1 |CMol-Univ. Valencia (Spain)

Graphene and other 2D materials are a hot focus of interest in physics, chemistry and
materials science. These materials are almost exclusively based on inorganic lattices and
cover a wide range of electronic and magnetic properties: from insulators to
superconductors, from diamagnetic to ferromagnetic (FM) and from metallic to non-metallic
compositions. They have attracted much attention in physics due to the specific 2D

physics that can appear when a material approaches to the 2D limit and to the potential
use of these materials as components in electronic devices in a new field known as
graphene-based electronics, and in materials science since they can provide a source of
advanced materials in a field known as graphene-based composites.

Still, the magnetism in the 2D limit has only been explored very recently. This has been
mainly due to the chemical reactivity encountered in the exinsting families of inorganic
layered magnets. Only in 2017 this topic has been put forward with the isolation and study
of atomically-thin layers of the Ising ferromagnet Crl3 [Navarro-Moratalla et al., Nature 546,
270 (2017)]. In this talk we will show that a molecular approach can be an alternative to
obtain 2D magnets. This will be illustrated in a family of coordination polymers formed by
divalent transition metal ions and imidazolate-type ligands. The resulting magnetic
materials are chemically stable in open air, keeping their magnetic properties preserved
upon functionalizing their surface with different organic molecules [Lopez-Cabrelles et
al.,Nature Chem.10, 1001 (2018)]. In addition, they can be isolated as single layers using
both top-down exfoliation techniques and bottom-up CVD techniques.
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1308 - Magnetic tuning with molecular interfaces

4. Magnetism in carbon-based and organic materials
Oscar Cespedes!
1 Shool of Physics & Astronomy, University of Leeds

The author has chosen not to publicise the abstract.
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1309 - Curved magnetic thin films: fundamentals and applications

5. Magnetorecording media, magnetic memories and magnetic sensors
Denys Makarov!

1 Helmholtz-Zentrum Dresden-Rossendorf e.V., Institute of lon Beam Physics and Materials
Research, Bautzner Landstrasse 400, 01328 Dresden, Germany

Extending 2D structures into 3D space has become a general trend in multiple disciplines,
including electronics, photonics, plasmonics and magnetics. This approach provides means
to modify conventional or to launch novel functionalities by tailoring curvature and 3D
shape. We study 3D curved magnetic thin films and nanowires where new fundamental
effects emerge from the interplay of the geometry of an object and topology of a magnetic
sub-system [1,2]. On the other hand, we explore the application potential of these 3D
magnetic architectures for the realization of mechanically shapeable magnetoelectronics
[3] for automotive but also virtual and augmented reality appliances [4,5]. The balance
between the fundamental and applied inputs stimulates even further the development of
new theoretical methods and novel fabrication/characterization techniques [6-8].

[1] R. Streubel et al., Magnetism in curved geometries. ). Phys. D: Appl. Phys. (Review) 49,
363001 (2016).

[2] D. Sander et al., The 2017 magnetism roadmap. ). Phys. D: Appl. Phys. (Review) 50,
363001 (2017).

[3]1 D. Makarov et al., Shapeable Magnetoelectronics. Appl. Phys. Rev. (Review) 3, 011101
(2016).

[4] G. S. Cafén BermUdez et al., Magnetosensitive e-skins with directional perception for
augmented reality. Science Advances 4, eaa02623 (2018).

[5] G. S. Caidén Bermudez et al., Electronic-skin compasses for geomagnetic field driven
artificial magnetoception and interactive electronics. Nature Electronics 1, 589 (2018).

[6] R. Streubel et al., Retrieving spin textures on curved magnetic thin films with full-field
soft X-ray microscopies. Nature Communications 6, 7612 (2015).

[7]1 T. Kosub et al., All-electric access to the magnetic-field-invariant magnetization of
antiferromagnets. Phys. Rev. Lett. 115, 097201 (2015).

[8] T. Kosub et al., Purely antiferromagnetic magnetoelectric random access memory.
Nature Communications 8, 13985 (2017).
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13010 - High-density heat-assisted magnetic recording

5. Magnetorecording media, magnetic memories and magnetic sensors
Christoph Vogler!
1 university of Vienna, Faculty of Physics, Austria

Heat-assisted magnetic recording (HAMR) is regarded by most experts as most promising
storage technology of the future, which could ensure a steady increase in storage capacity
over the next few years. The frequently mentioned fact that HAMR makes use of the
decrease of coercivity with temperature to write hard magnetic materials such as FePt with
limited magnetic fields is only half the truth when it comes to the potential of HAMR.
Rather, it is the high temperature gradient that is produced during writing that supports the
field gradient, enabling bits with narrow transitions. But the high temperatures that occur
also cause serious drawbacks. Both hard drive manufacturers and researchers have made
great efforts to understand these fundamental problems of HAMR that arise from the use of
high temperature lasers and the associated high thermal noise in order to produce a
reliable memory.

In my talk | would like to give an overview of what the biggest challenges of HAMR are
today, what they will be in the future and how they can be overcome. | will introduce the
effective recording time window model to qualitatively demonstrate how thermal noise
affects and limits the storage density in an HAMR device [1]. Further, quantitative
calculations will show which recording parameters are most important to achieve high
density devices with high signal-to-noise ratios. Due to the timeliness of the topic, | want to
show how the transition curvature of written bits can be reduced and how this affects the
storage density.

[1] C. Vogler, C. Abert, F. Bruckner, D. Suess, and D. Praetorius, J. Appl. Phys. 120, 153901
(2016).
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13011 - Ab initio Insights into Spin-Orbit Phenomena (PMA and DMI)
at Ferromagnet/Nonmagnet Interfaces

6. Magnetic thin films, multilayers, surface and interfaces

Mairbek Chshiev!
L SPINTEC, Univ. Grenoble Alpes, CEA, CNRS, Grenoble, France

First-principles insights are provided into spin-orbit coupling based phenomena such as
perpendicular magnetic anisotropy (PMA) [1-6] and Dzyaloshinskii-Moriya interaction (DMlI)
[7-10] at interfaces comprising transition metals, insulators, or graphene. First, the nature
of PMA at Fe|MgO interfaces is unveiled by evaluating orbital and layer resolved
contributions to PMA in Fe/MgO interfaces and MT]s with different interfacial conditions [1-
3]. Mechanisms of the optimization of effective anisotropy as well as of its electric field
control are discussed [4-6]. Next, the main features and microscopic mechanisms of DMI
behavior are elucidated in Co/Pt and other Co/heavy metal bilayers [7,8]. Furthermore,
several approaches for DMI enhancement and manipulation will be presented including, in
particular, physical mechanisms of DMI behavior in Pt/Co/MgO structures [8,9] allowing
observation of room temperature skyrmions [9]. The behavior of PMA and DMI will then be
addressed for nanostructures comprising Co/graphene interfaces [10,11] which may be of
strong interest for graphene spintronics [12,13].

[1] B. Dieny and M. Chshiev, Rev. Mod. Phys. 89, 025008 (2017);

[2] H. X. Yang, J. H. Lee, M. Chshiev, A. Manchon, K. H. Shin, B. Dieny, Phys. Rev. B 84,
054401 (2011);

[3] A. Hallal, H. X. Yang, B. Dieny, and M. Chshiev, Phys. Rev. B 88, 184423 (2013);

[4] A. Hallal, B. Dieny, and M. Chshiev, Phys. Rev. B 90, 064422 (2014);

[5]1 F. Ibrahim, H. X. Yang, A. Hallal, B. Dieny, and M. Chshiev, Phys. Rev. B 93, 014429
(2016);

[6] F. Ibrahim, A. Hallal, B. Dieny, and M. Chshiev, Phys. Rev. B 98, 214441 (2018);
[71H. X. Yang, A. Thiaville, S. Rohart, A. Fert, and M. Chshiev, Phys. Rev. Lett. 115,
267210 (2015);

[8] H. X. Yang, O. Boulle, V. Cros, A. Fert & M. Chshiev, Scientific Reports 8, 12356
(2018);

[9] O. Boulle, J. Vogel, H. X. Yang, S. Pizzini, D. de Souza Chaves, A. Locatelli, T. O. Mentes,
A. Sala, L. D. Buda-Prejbeanu, O. Klein, M. Belmeguenai, Y. Roussigné, A. Stashkevich, S. M.
Chérif, L. Aballe, M. Foerster, M. Chshiev, S. Auffret, I. M. Miron, G. Gaudin, Nature
Nanotechnology 11, 449 (2016);

[10] H. X. Yang, A. D. Vu, A. Hallal, N. Rougemaille, J. Coraux, G. Chen, A. K. Schmid, and M.
Chshiev, Nano Lett. 16, 145 (2015);

[11] H. X. Yang, G. Chen, A. A. C. Cotta, A. T. N'Diaye, S. A. Nikolaev, E. A. Soares, W. A. A.
Macedo, K. Liu, A. K. Schmid, A. Fert & M. Chshiev, Nature Materials 17, 605 (2018);
[12]S. Roche, J. Akerman, B. Beschoten, J.-C. Charlier, M. Chshiev, S. P. Dash, B. Dlubak, J.
Fabian, A. Fert, M. Guimaraes, F. Guinea, |. Grigorieva, C. Schénenberger, P. Seneor, C.
Stampfer, S. O. Valenzuela, X. Waintal and B. van Wees, 2D Materials 2, 030202 (2015);
[13] H. X. Yang, A. Hallal, X. Waintal, S. Roche and M. Chshiev, Phys. Rev. Lett. 110,
046603 (2013).
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13012 - Low-energy muon spin spectroscopy and its application in
magnetic thin films and heterostructures

6. Magnetic thin films, multilayers, surface and interfaces
Thomas Prokschal , Zaher Salman!, Andreas Suter?

1 Laboratory of Muon Spin Spectroscopy, Paul Scherrer Institute, 5232 Villigen PSlI,
Switzerland

Muon spin spectroscopy (uSR) is a powerful local probe technigue to address topical
questions in a

large variety of materials, covering fundamental and technologically relevant aspects of
structural,

magnetic and electronic phenomena in magnetic systems, superconductors,
semiconductors, and

insulators. Intense polarized muon beams with MeV energies are generated at high power
proton

accelerators (0.1-1MW) with proton energies between 500 MeV and 3 GeV. At muon
energies of MeV

the implantation depth of the muons is hundreds of micrometer in condensed matter.
Therefore, uSR

is usually applied to study physical properties in the bulk of a material. With the availability
of

low-energy positive muons with tuneable energies between 1 and 30 keV at PSI, it became
possible

to apply the uSR technique to investigations of thin film systems at tuneable mean depths
of a few

nanometers up to about 200 nm (low-energy muon spin spectroscopy, LE-uSR). In the talk
we give

an introduction to the low-energy muon beam facility LEM at PSI, and with selected
applications in

thin film and heterostructure studies, we show some of the strengths of the technique.

For instance in LaNiO3 superlattices it was found that the collective phase behaviour of

correlated-
electron systems can be controlled by the thickness/dimensionality of the LaNiOs layers [1].

LE-uSR

was essential to prove the occurence of a magnetic phase transition to an
antiferromagnetic state

while the system also exhibits a metal-insulator transition. Such a magnetic transition is not
present

if the system stays metallic.

As a second example we show the capability of LE-uSR to localize the occurence of
ferromagnetic

order at the interface between non-ferromagnetic layers, where electron transfer from
nanometer

thin Cu layers at the interface to a Cgq layer leads to electron spin polarization at the

interface [2].

Muons can be also used to study the magnetic homogeneity of a system on a hanometer
scale.In a

recent publication evidence for the development of a homogeneous ferromagnetic phase in
epitaxial

quaternary (Ga,Mn)(Bi,As) layers has been found [3]. This shows that the incorporation of a
small

amount of Bi, which enhances the spin-orbit coupling strength and thereby the magneto-
transport

effects, does not deterioate the magnetic properties. This finding is important for the
application of

this dilute magnetic semiconductor as a new type of non-volatile memory element, which
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relies
on a nanometer scale magnetic homogeneity.

[1]1 A.V. Boris et al., Science 332, 937 (2011).
[2] F. Al Ma'Mari et al., Nature 524, 69 (2015).
[3] K. Levchenko et al., Scientific Reports 9, 3394 (2019)
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13013 - Inelastic neutron scattering to probe magnetic excitations in
La(Fe,Si)x

7. Magnetism in alloys and intermetallics
Kelly Morrisonl
1 Loughborough University, Loughborough, Leicestershire, UK

The LaFe;3.4Siy system (x<1.6) has a first order ferromagnetic, FM, to paramagnetic, PM,
transition that is tunable in magnetic field and ends at a (tri)critical point (H¢rit, Terit)
beyond which it is second order. In this large family of materials T, can be easily tailored by
changing the Fe content or by hydrogenation, and La(Fe,Si);3 has attracted huge interest
due to its potential for room temperature magnetic cooling[1] or harvesting of waste
heat[2]. One of the fundamental reasons for this is that despite the magnetic transition
being strongly first order, there is almost no magnetic or thermal hysteresis (an advantage
for cooling applications).

We used a novel microcalorimetry method[3] to isolate the contributions to heat capacity
and latent heat as a function of magnetic field and temperature, which can be used to
distinguish between first and second order phase transitions. The results are compared for
a series of intermetallics such as GdsGe,Si,, DyCo,, LaCaMnO3 and LaFe,; Si, with respect
to the hysteresis at the phase transition. For the LaFe,5,Si, system, when x<1.6 we
observed that a giant increase in the heat capacity evolved as the system approaches the
tricritical point[4] and argue that this enhancement of the heat capacity is due to
anomalously large spin fluctuations that are enabled by a multiple minima energy
landscape.[5]

Inelastic neutron scattering of LaFe,;5,Si, where x=1.2 (strongly first order) and x=1.6
(tricritical point) was carried out in order to test this theory, where we found evidence of
large paramagnetic fluctuations at g=0.11 A"l above T,. This suggests that enhanced
magnetic scattering does indeed occur at T, and plays a role in the evolution of the phase
transition for this alloy.

[1]1 B.G. Shen et al., Adv. Mat., 21, 4545-4564 (2009)

[2] A. Waske et al., Nature Energy 4, 68-74 (2019)

[3]1 K. Morrison et al., Phil. Mag., 92, 292-303 (2012); Y. Miyoshi et al., Rev. Sci. Instrum.,
79, 074901 (2008)

[4] K. Morrison et al., J. Phys. D, 43, 132001 (2010)

[5] M.D. Kuz’'min et al., Phys. Rev. B, 76, 092401 (2007)
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13014 - Towards and understanding of the magnetocaloric effect.

7. Magnetism in alloys and intermetallics

P. Deen' 2, /. Cedervall?, M. Andersson’, E. Delczek-Czirjak?, M. Sahlberg®, D. Lucsan®, M.
Periero®, P. Roy?, P. Nordblad®, T. Ericsson®, L Haggstrom®, W. Lohstroh®, H. Mutka®

1 European Spallation Source, Lund, Sweden

2 Niels Bohr Institute, University of Copenhagen,Denmark.

3 Uppsala universitet, Box 256, 751 05 Uppsala, Sweden.

4 Institute for Molecules and Materials, Radboud University Nijmegen, Heyendaalseweg 135,
6525 AJ, Nijmegen, The Netherlands

3> Technische Universit\"at Munchen, Garching bei Munchen, Forschungsneutronenquelle
Heinz Maier-Leibnitz (FRM IlI), Lichtenbergstr. 185748 Garching, Germany

6 |nstitut Laue-Langevin, B.P. 156, 38042 Grenoble Cedex 9, France

The magnetocaloric effect provides great hope for environmentally energy efficient cooling
that does not rely on the use of harmful gasses. Fe,P is a compound that has shown great

potential for magnetocaloric devices. The magnetic behaviour in Fe5P is characterised by a

first order magnetic transition (FOMT) that coexists with and characterises the strong
magnetocaloric effect. In this work, neutron diffraction and inelastic scattering, Mossbauer
spectroscopy and first principles calculations have been used to determine the structural
and magnetic state of Fe,P around the FOMT. The results reveal that ferromagnetic

moments in the ordered phase are perturbed at the FOMT such that the moments cant
away from the principle directions across a small temperature region. The acoustic
phonons modes reveal a temperature dependent non-zero energy gap in the magnetically
ordered phase that falls to zero at the FOMT. The interplay between the FOMT and the
phonon energy gap indicates hybridisation between magnetic modes strongly affected by
spin-orbit coupling and phonon modes leading to magnon-phonon quaisparticles that drives
the FOMT and thus the magnetocaloric effect.
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13015 - Frontiers of magnetic force microscopy

8. Novel magnetic techniques

Olga Kazakoval, Robb Puttock?, Craig Barton?, Hector Corte-Leon?, Volker Neu?, Agustina
Asenjo’®

L NPL, Teddington, UK

2 | eibniz Institute for Solid State and Materials Research, Dresden, Germany

3 CsIC, Madrid, Spain

Since it was first demonstrated in 1987, magnetic force microscopy (MFM) has become a
truly widespread and commonly used characterization technique that has been applied to a
variety of research and industrial applications. Some of the main advantages of the method
includes its high spatial resolution (typically ~50 nm), ability to work in variable
temperature and applied magnetic fields, versatility, and simplicity in operation, all without
almost any need for sample preparation. However, the technique has historically provided
only qualitative information, and the number of available modes was typically limited, thus
not reflecting the experimental demands.

We present the recent progress and development of MFM as well as a summary of the
current state-of-the-art techniques and objects for study. Aspects including quantitative
MFM, the accurate interpretation of the MFM images, new instrumentation, probe-
engineering alternatives, and applications of MFM to new (often interdisciplinary) areas of
the materials science, physics, and biology are discussed. We outline the importance of the
technique in emerging fields including skyrmions, 2D-materials, and topological insulators.

1. Kazakova, et al., ‘Frontiers of Magnetic Force Microscopy’ ] Appl. Phys. 125, 060901
(2019)

2. Corte-Ledn, et al., ‘Magnetic imaging using geometrically constrained nano-domain
walls’ Nanoscale 11, 4478 (2019)

3. Panchal, et al., ‘Calibration of multilayered magnetic force microscopy probes’ Sci
Reports 7, 7224 (2017)

4. Moro, et al., ‘Room temperature uniaxial magnetic anisotropy induced by Fe-islands in
the InSe semiconductor van der Waals crystal’, Advanced Science, 5, 1800257 (2018)
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13016 - Vacuum resonance states as atomic-scale probes of surface
magnetism

8. Novel magnetic techniques

Anika Schlenhoff!
1 Department of Physics, University of Hamburg, Germany

Spintronic devices raise expectations for meeting future technological demands for ever
smaller and more efficient devices, exploiting the electron spin rather than its charge. Here,
understanding the spin-dependent scattering of electrons at magnetic interfaces and
surfaces is of high relevance for the control of electron transport. It is therefore in the focus
of numerous electron reflection studies. However, atomic-scale variations of the scattering
process, for example on non-collinear magnetic surfaces, remained inaccessible, due to the
laterally averaging nature of the established experimental approaches.

In our spin-polarized scanning tunneling microscopy (SP-STM) experiments, we realize a
spin-resolved electron vacuum interferometer on the atomic scale by placing a biased
magnetic probe tip in front of a magnetic surface. Unoccupied electronic resonance states
evolve between the tip and the surface that are expected to be highly sensitive to the
electronic band structure of the sample. By tuning the bias, spin-polarized electrons from
the tip are injected into individual resonance states, and the resulting spin-resolved tunnel
current is recorded as a function of tip position [1]. Our experiments on atomic-scale spin
spirals and skyrmions include a variety of resonance states, ranging from Stark-shifted
image-potential states to field states [2]. With increasing electron energy, topographic
features like atomic step edges tend to smear out in the microscopy image. However, the
magnetic image contrast and local spin-resolved spectroscopy reveal that all resonance
states with up to 20 eV above the surface Femi level are spin-split, exhibiting a local spin
quantization axis that rotates on the atomic scale with the surface spin texture. Mapping
the spin-dependent electron phase shift upon reflection at the surface on the atomic scale
demonstrates the relevance of all magnetic ground state interactions like Heisenberg
exchange, Dzyaloshinskii-Moriya and spin-orbit interactions for the scattering of spin-
polarized electrons, even for energies far above the vacuum level. Experimental results will
be presented and discussed in terms of magnetic contrast and the resonance state’s spin-
splitting as a function of bias, as well as in terms of the atomic-scale nature of the spin-
dependent electron reflection at the surface.

[1] A. Schlenhoff, S. Krause, A. Sonntag, and R. Wiesendanger, Phys. Rev. Lett. 109,
097602 (2012).

[2] A. Schlenhoff, S. Kovaric, S. Krause, and R. Wiesendanger, (submitted).
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13017 - Energy harvesting using thermomagnetic generators with
magnetocaloric materials

9. Materials for energy (permanent magnets, magnetocalorics and soft magnetic materials)

Anja Waskel' 2, Danjel Dzekan? 3, Dietmar Berger?, Bruno Neumann? 3, Kai Sellschopp®
4, Alexander Stork? 3, Kornelius Nielsch?: 3, Sebastian Fahler?

1 Federal Institute for Materials Research and Testing (BAM), Berlin, Germany

2 Leibniz Institute for Solid State and Materials Research (IFW) Dresden, Germany

3 |nstitute of Materials Science, TU Dresden, Germany

4 Technische Universitdt Hamburg, Hamburg, Germany

To date, there are only very few technologies available for the conversion of low
temperature waste heat to electricity. More than a century ago, thermomagnetic
generators were proposed, which are based on a change of magnetization with
temperature, switching a magnetic flux, which according to Faraday’s law induces a
voltage. In this talk, we first describe the principle of thermomagnetic generators. Then we
focus on the impact of topology of the magnetic circuit within thermomagnetic generators.
We demonstrate that the key operational parameters strongly depend on the genus, i.e.
the number of holes within the magnetic circuit. A pretzel-like topology of the magnetic
circuit with genus =3 improves the performance of thermomagnetic generators by orders of
magnitude. By a combination of experiments and simulations, we show that this topology
results in sign reversal of the magnetic flux, avoids hysteresis as well as magnetic stray
fields, and allows for versatile device design. Our demonstrator illustrates that this solid
state energy conversion technology is on its way to become competitive with
thermoelectrics for energy harvesting near room temperature. For all parameters, i.e.
induced voltage, electrical output power, optimum frequency, and ratio between
experiment and theory, a logarithmic scale is necessary to cover the orders of magnitude in
improvement when using a topology with genus = 3. [1] In the next part of this talk we
focus on the active magnetic materials used within a thermomagnetic generator. We
present experiments using a thermomagnetic material close to a first-order type transition
(La-Fe-Co-Si) in comparison to second-order type Gadolinium. We analyze the impact of the
width of the magnetic transition and hysteresis on the conversion of thermal to electrical
energy and comment on the suitabilitiy of magnetocaloric materials [2] for
thermomagnetic power generation.

[1] A. Waske, D. Dzekan, K. Sellschopp, D. Berger, A. Stork, K. Nielsch, S. Fahler, “Energy
harvesting near room temperature using a thermomagnetic generator with a pretzel-like
magnetic flux topology”, submitted (2018).

[2] A. Waske, M. E. Gruner, T. Gottschall, O. Gutfleisch, “ Magnetocaloric Materials for

Refrigeration near room temperature”, MRS Bulletin “Caloric Effects in Ferroic Materials”
2018, 43, 269--273, https://doi.org/10.1557/ mrs.2018.69
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9. Materials for energy (permanent magnets, magnetocalorics and soft magnetic materials)

Ralph Skomskil

L University of Nebraska, Lincoln, Department of Physics and Astronomy & Nebraska Center
for Materials and Nanoscience

The deliberately ambiguous title describes the role of electrons in permanent magnetism.
They slavishly obey nature's rule and are difficult to trick into doing useful things while
dominating almost all aspects of intrinsic magnetism. The two-faced role of electrons is
particularly clear for elements in the middle of the iron series, such as manganese. Fully
spin-polarized Mn would revolutionize permanent magnetism, but Mn often exhibits
antiferromagnetic (AFM) rather than ferromagnetic (FM) exchange. It is sometimes
assumed that this trend reflects the Bethe-Slater (Slater-Bethe-Néel) curve, associating the
exchange with the distance between 3d shells, but the tetragonal alloy MnAl is a clear
counterexample. In fact, the exchange is largely dominated by crystal structure and band
filling, AFM exchange being particular common for half-filled 3d shells. On aspect of the
AFM exchange is the occupancy of bonding and antibonding electron states, which is well-
described by one-electron (independent-electron) theory based on a single Slater
determinant, but there are also quantum spin liquid (QSL) effects involving two or more
Slater determinants. Similar correlation effects are even seen in allegedly very simple
systems, such as two electrons in a 2p shell (S = 0). They are more important in AFM than
in FM systems and completely destroy long-range magnetic order in one dimension. In
three dimensions, they yield exchange corrections that are largely ignored in present-day
density-functional theory (DFT). Ground-state DFT is, in principle, exact, but little is known
about the density functional, and it can be shown that finding the density functional
requires the solution of the underlying many-electron problem. For example, the limitations
of the local-density approximation are of the independent electron type and have little to do
with the nonlocality of the density functional: the Hartree-Fock approximation is highly
nonlocal but also suffers from the restriction to one Slater determinant. Many-electron
effects become particularly important for the light rare earths, for example in Nd>Fe;4B and

SmCosg, where the density functional for fully localized 4f electrons bears little similarity

with LSDA+ U approximation. The latter is sometimes claimed to account for rare-earth
correlations but yields huge errors in some cases, for example in orbital-moment and
anisotropy calculations. This is of utmost practical and scientific importance in the
understanding of present and search for future permanent-magnet materials. — Thanks are
due to B. Balamurugan, R. Choudhary, A. Kashyap, P. Manchanda, D. Paudyal, and D. J.
Sellmyer for stimulating discussions. This work is supported by DOE-BES (DE-FG02-
04ER46152).
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13019 - Micromagnetic study of THz spin-orbit torque oscillators
based on antiferromagnets and ferrimagnets

10. Micromagnetics and magnetization processes
Vito Puliafito!
1 Department of Engineering, University of Messina, Italy

The possibility to develop terahertz spintronics by means of antiferromagnetic materials
has attracted a lot of attention from the scientific community [1]. Magnetization dynamics
of antiferromagnets (AFMs) out of their equilibrium, in fact, is mainly driven by the large
antiferromagnetic exchange interaction, which is the key ingredient for their resonance in
the THz range [2].

In this field of research, a full micromagnetic framework for studying magnetization
dynamics of antiferromagnets, in particular under the influence of spin-orbit-torques, is
here presented [3]. The key idea in the modeling of those materials is considering two
different sublattices which are antiferromagnetically coupled. This approach, moreover,
turns out feasible also for the study of ferrimagnets (FiMs), whose sublattices have to be
considered with different saturation magnetizations and gyromagnetic ratios. The
magnetization dynamics of the two sublattices are calculated by solving two Landau-
Lifshitz-Gilbert equations including a torque term due to the spin-Hall effect. The coupling
between the two equations is directly connected with the exchange field, which takes into
account the three main contributions, the inhomogeneous intralattice, the homogeneous
interlattice and the inhomogeneous interlattice contributions.

Within this micromagnetic framework, antiferromagnetic spin-Hall oscillators, in particular,
have been fully characterized, obtaining a successful comparison with analytical models
[4]. The main device consists of an AFM layer coupled to a heavy metallic layer, as in Fig.

1(a). The AFM is square-shaped, with dimensions 40x40 nm?Z, its thickness d varies from 1
to 5 nm in our study, and it is modeled with uniaxial anisotropy. The heavy metal is
designed with 4 terminals that can be used to apply a charge current, and/or to read the
device resistance. Dynamics of magnetizations is excited above a certain threshold current,
and it is characterized by a precession of the two magnetizations m; and m, around the

spin-Hall polarization direction p. However, the same dynamics can disappear at lower
values of the driving current, highlighting a hysteretic behavior of the excitation. Such
behavior has been studied as a function of different parameters, thickness, damping,
exchange contributions, spin-Hall polarization direction [3]. The frequency of dynamics
shows a blue-shift with the increase of the applied current, from hundreds of GHz up to
several THz, as expected (see an example in Fig. 1(b)). The antiferromagnetic resonance
frequency (AFMR) of that layer as a function of different parameters has been also studied.
The most important result is that AFMR decreases with the increase of the direct electric
current applied to the heavy metal and it converges to the self-oscillation frequency at the
threshold current.

Self-oscillations in a ferrimagnetic spin-Hall oscillator have been also investigated. Here,
frequency increases for higher saturation magnetization differences. As a counterpart, the
amplitude of such oscillations decreases. This study also shows that the threshold currents
decrease for higher saturation magnetization difference.

[1] Jungwirth et al. Nat. Phys. 14 200 2018.

[2] Gomonay et al. Phys. Status Solidi RRL 11 1700022 2017.
[3] Puliafito et al. Phys. Rev. B 99 024405 2019.

[4] Khymyn et al. Sci. Rep. 7 43705 2017.
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13020 - Simulating spin-torque MRAM: From macrospin to self-
consistent spin diffusion

10. Micromagnetics and magnetization processes
Claas Abert! , Florian Bruckner!, Christoph Vogler!, Dieter Suess?!
L University of Vienna

Since the enormous success of the giant magnetoresistance effect for sensor applications,
a lot of research has been conducted in order to exploit spintronics effects for technological
applications of all kinds. A promising example for such devices is the spin-torque
magnetoresistive random-access memory (ST MRAM). Very fast read and write processes
and its persistent nature result in a very low power consumption, making ST MRAM an
excellent candidate for embedded applications. While first prototypes are already shipped
by the industry, a number of issues still need to be resolved in order to make ST MRAM a
reliable next-generation memory.

In order to understand and improve MRAM devices, numerical simulations are a valuable
addition to experiments, since they allow a detailed investigation of the magnetization
dynamics and give insights to the dependence of the MRAM system on system-parameter
changes. The micromagnetic model is the model of choice for the description of
magnetization processes at the nanoscale. However, in order to account for spintronics
effects, various extensions have been proposed, each having its own limitations and
drawbacks.

This talk gives an overview over a variety of models for the integration of spintronics and
micromagnetics focusing on their applicability to ST MRAM. Depending on the flavor of the
MRAM device, the applied models need to account for different spintronics effects such as
giant magnetoresistance or tunnel magnetoresistance for the description read process and
spin-transfer torque or spin-orbit torque for the description of the write process. A
reasonable choice of models and algorithms should not only consider their principal
applicability to the problem at hand, but also take into account their computational
complexity [1].

[1] Abert, Claas. "Micromagnetics and spintronics: Models and numerical methods." arXiv
preprint arXiv:1810.12365 (2018).
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Marco Affrontel' 2, Claudio Bonizzoni* 2, Alberto Ghirri?
! Universita di Modena e Reggio Emilia
2 CNR NANO

Resonant and coherent coupling of two level systems with electromagnetic radiation is a
fundamental problem. This is particularly relevant in magnetism where spins or spin
excitations can be coupled to microwave photons. Molecular spins have recently emerged
as a versatile system with interesting performances in terms of quantum coherence and
correlation. The challenge we address here is to understand and control the coherent
transfer of magnetic excitations in molecular spin systems to microwave photons.

| shall first present our achievements in reaching coherent coupling between molecular
spins with microwave photons in planar resonators [1]. To monitor molecular spin
performances over a wide temperature and magnetic field range we have first developed
microwave planar resonators made of high Tc superconductors, obtaining excellent
performances up to liquid Nitrogen temperature and magnetic fields up to 7 Tesla [2].
Ensembles of different molecular spin systems are then systematically tested. The regime
of high spin-photon cooperativity is achieved with molecular spins diluted in non magnetic
matrix at 0.5K [3], while the strong coupling regime is observed with concentrated samples
of organic radicals up to 50 K [2,4] and with nanoparticles of Prussian blue Analogues [5].
The possibility to create coherent states among distinct spin ensembles is further explored
in similar spectroscopic experiments [4] while more recently we started to encode
sequences of microwave pulses to coherently manipulate molecular spins embedded in
superconducting circuits. These results show that molecular spins can be efficiently
integrated in quantum devices and can be suitable for advanced applications such as
quantum sensing [6].
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Multiscale modeling of the physical and structural characteristics of nanomaterials,
consisting of magnetic nanoparticles, is a powerful tool for the understanding of their
magnetic behavior [1]. Models at different length scales have been used to describe our
systems [1]: An atomic scale model of a single nanoparticle that includes its size and
morphology is first developed to describe the intraparticle characteristics. A mesoscopic
model based on a Monte-Carlo approach is then introduced to simulate assemblies of
nanoparticles by rescaling the atomic scale parameters of magnetic core/ surface
nanoparticles by reducing the number of spins to be simulated to the minimum necessary
to satisfactorily represent their magnetic structure. Two examples will illustrate the
possibilities offered by our multiscale modelling approach in binary magnetic nanoparticle
assemblies.

First, a diluted binary ferrofluid of MnFe,0,4 and CoFe,0,4 nanoparticles has been
investigated. The simulations of the magnetic properties are getting input from cryogenic
TEM images [2] for the spatial distribution of the nanoparticles. It is shown that even at a
low particle concentration, MnFe;0,4 and CoFe;0,4 nanoparticles interact through short
distance magnetic dipole interactions within small nanoparticle clusters, which results in
the sizeable reduction of the coercivity and the blocking temperature of the CoFe;04
component and in the increase of both the coercivity and the blocking temperature of the
MnFe204 one.

Next, we study the magnetic behavior of a dense binary assembly of y-Fe,O3 and Co-doped
maghemite nanoparticles [3]. We start from a pure y-Fe;03 dense assembly and we
gradually substitute maghemite with Co-doped maghemite. Our study shows that the
hysteresis characteristics of the binary assembly at low temperature provide evidence of
the weak dipolar coupling between the two different nanoparticle populations which
however it is strong enough to modify the individual hysteresis behaviour. Interestingly, the
blocking temperature increases non-linearly almost two times from the corresponding pure
y-Fe>03 assembly through the binary assembly to the pure Co-doped maghemite

nanoparticles assembly, in good agreement with experimental findings [3].

[1] M. Vasilakaki, N. Ntallis, N. Yaacoub, G. Muscas, D. Peddis, K. N. Trohidou, Nanoscale
2018, 10, 21244; G. Margaris, K. N. Trohidou, J. Nogués, Adv. Mater. 2012, 24, 4331.

[2] N. Daffé, J. ZecCevi¢, M. Sikora, K. Trohidou, M. Vasilakaki, M. Rovezzi, N. Bouldi, V.
Gavrilov, S. Neveu, F. Choueikani, V. Dupuis, P. Sainctavit, A. Juhin, 2019, To be submitted.

[3] E. H. Sdnchez, M. Vasilakaki, S. S. Lee, P. S. Normile, M. Murgia, M. S. Andersson, G.

Singh, R. Mathieu, P. Nordblad, P. C. Ricci, K. N. Trohidou, J. Nogués, J. A. de Toro, 2019, To
be submitted.
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The talk will start by a few reminders about the real-space topological structures in
magnetism, namely the topological defects, the topologically-stable structures (also called
topological solitons) and their relation. The deep link between topology and the dynamics of
magnetic structures will then be explained, starting with the motion of rigid structures (the
Thiele equation) and continuing with the motion of deformable structures, using the
concept of the canonical momentum introduced at the time of magnetic bubbles.

An illustration of all these concepts, in the present context, will be provided by the study of
the motion under large easy axis fields of Dzyaloshinskii domain walls.

Reference:

A. Thiaville, ). Miltat, Topology and magnetic domain walls, in Topology and Magnetism, |J.
Zang, V. Cros and A. Hoffmann Eds., Springer Series in Solid-State Sciences 192 (Springer,
2018).
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The three key requirements for competitive spintronics devices are: (i) stable spin
structures for long term data retention; (ii) efficient spin manipulation for low power devices
and (iii) ideally no susceptibility to stray fields as realized for antiferromagnets.

We explore different materials classes to tackle these challenges and explore the science
necessary for a disruptive new technology. To obtain ultimate stability, topological spin
structures that emerge due to the Dzyaloshinskii-Moriya interaction (DMI), such as chiral
domain walls and skyrmions are used. These possess a high stability and are of key
importance for magnetic memories and logic devices [1,2]. We have investigated in detail
the dynamics of topological spin structures, such as chiral domain walls that we can move
synchronously with field pulses [3]. We determine in tailored multilayers the DMI, which
leads to perfectly chiral spin structures.

For ultimately efficient spin manipulation, spin torques are maximized by using highly spin-
polarized ferromagnetic materials [2] and using spin-orbit torques, we can efficiently
manipulate magnetization [4-6]. We then combine materials with strong spin-orbit torques
and strong DMI where novel topologically stabilized skyrmion spin structure emerge [5].
Using spin-orbit torques we demonstrate in optimized low pinning materials for the first
time that we can move a train of skyrmions in a “racetrack”-type device reliably [5,6]. We
find that skyrmions exhibit a skyrmion Hall effect leading to a component of the
displacement perpendicular to the current flow [6]. We study the field - induced dynamics
of skyrmions [7] and find that the trajectory of the skyrmion’s position is accurately
described by our quasi particle equation of motion.

While thus highly reproducible driven skyrmion motion is possible, we have recently
developed new ultra-low pinning multilayer stacks, which exhibit thermally activated
dynamics of skyrmions [8]. Here the energy landscape is sufficiently flat so that we observe
pure diffusive motion of skyrmion quasiparticles at room temperature [8]. Furthermore, in
contrast to the analytical calculations, we find a strong temperature dependence of the
diffusion and explain these observations based on thermally activated excitations. Finally
we can employ skyrmion diffusion in a skyrmion reshuffler device enabling novel stochastic
computing approaches [8].
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13. Magneto-optics and magnetoplasmonics
Harald Giessenl, Dominik Floess!, Thomas Weiss!
L University of Stuttgart

Abstract

Hybrid magnetoplasmonics enable giant tunable nonreciprocal effects in subwavelength-
thick structures. We demonstrate experimentally Faraday rotation of up to 14° for structure
thicknesses below 200 nm and describe the optical behaviour with an elegant analytical
model.

Hybrid magneto-optical (MO) plasmonic systems have enabled large magnetic tuning as
well as giant non-reciprocal MO effects. By leveraging localized plasmon modes, the MO
response of conventional materials can be resonantly amplified and spectrally tailored.
Among all MO effects the Faraday effect is of special practical interest as it allows for the
strongest non-reciprocal optical response. Here, the polarization plane of transmitted light
is rotated by an angle that is proportional to the applied DC magnetic field and to the
material thickness.

The Faraday rotation [1] and also the transverse MO Kerr effect [2] of a dielectric film can
be enhanced by an order of magnitude through inclusion of a resonant plasmonic grating
as schematically shown in figure 1la. By varying the grating and nanowire geometry, the
maximal polarization rotation enhancement can be tuned to arbitrary spectral positions [3].
Such structures exhibited a Faraday rotation of up to 4.2° for a thickness of 220 nm, while
maintaining a high transmission of over 25%. Hence, they are very relevant for possible
devices, such as thin-film Faraday rotators and isolators as their performance data exceed
other approaches considerably. Recently, we demonstrated Faraday rotation of even up to
14° in the visible for a thin film geometry with a thickness below 200 nm [4].

While the experimental realization and numerical simulation of such systems received
considerable attention, so far, there has been no analytical theoretical description. Here, we
present a simple coupled oscillator model that reveals the underlying physics in such
systems by providing analytical expressions for the MO response [5]. The figures 1b and 1c
depict the model both in the general and in a simplified form. The Lorentz nonreciprocity of
the oscillator model is intrinsically incorporated via the Lorentz force, which is proportional
to vxB. The predictions of our analytic model are in good agreement with rigorous
numerical solutions of Maxwell’s equations for typical sample geometries as displayed in
figure 1d. Our ansatz is transferable to other complex and hybrid nanooptical systems and
will significantly facilitate device design and optimization of its performance [6].

References

[1]]). Chin et al., “Nonreciprocal plasmonics enables giant enhancement of thin-film Faraday
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The combination of magneto-optically active and resonant materials (e.g. plasmonic
modes), makes it feasible to control optical properties using magnetic fields in connection
to the excitation of resonances [1] (magnetoplasmonics). It has been shown that these
nanostructures can be employed to modulate the propagation wavevector of SPPs [2],
which allows the development of label free sensors with enhanced capabilities [3] or to
enhance the magneto-optical response in isolated entities as well as films, in connection
with a strong localization of the electromagnetic field [4,5].

Here we will show that they also play a crucial role in the active control thermal emission
and the radiative heat transfer between objects in the near and far field regime [6-8].
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Shell-ferromagnetism emerges as a newly exposed property of multi-functional Heusler
alloys. The shell-ferromagnetic property occurs by the spinodal decomposition of
NiggMng5Zs (Z: In, Sn, Ga, Al, Sb) alloys when temper-annealed at 650 K under a magnetic

field of about 0.1 Tesla. An anti-ferromagnetic tetragonal NiggMny5Z5 alloy decomposes

magnetically and crystallographically into two different components with two different
structures. These are the anti-ferromagnetic NiMn matrix with the L1 structure and

ferromagnetic Ni5gMn,5255 nano-precipitates of about 2-5 nm in the L2, structure. We

evidence that temper-annealing under a magnetic-field gives rise to strongly pinned
interfacial moments between matrix and precipitate because of the strong anisotropy of the
antiferromagnetic matrix. It is not possible to destroy the alignment of the interfacial spins
even in magnetic-fields of up to 10-20 T and at temperatures up to 500 K, once they align
in the external field direction. The technological relevance of this property is due to the
non-volatility of the pinned magnetization at the precipitate/matrix interface. There is a
high demand in technological areas, especially in magnetic memory devices, for such non-
destructive and high coercive field unidirectional magnetic materials.
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In complex transition metal oxides, both magnetic anisotropy and magnetic interactions
(exchange, Dzyaloshinskii Moriya (DM)) often are strongly correlated with the lattice
structure (coherent elastic strain of films on substrates, rotations and tilts of oxygen
octahedrons). Thus, oxides offer tools for structural tuning of spin textures which are not
available in metals. In this talk, approaches for creating non-collinear spin textures at
coherent interfaces between magnetic oxides will be discussed. These spin textures are
expected to be associated with an electric polarization in the same way like the spin spirals
in some bulk multiferroics (of type Il) where ferroelectricity is a consequence of the
magnetic structure [1]. Examples of ferromagnetic Lag 7Srg 3MnO5 films coupled to another

3d, 4d [2] or 5d perovskite layer at a coherent interface grown by pulsed laser deposition
will be shown. A little explored pathway to interfacial non-collinear spin textures in oxides is
to utilize interfaces forming an exchange spring [2, 3], i. e., a kind of magnetic spring
arising due to rigid exchange coupling of the components across the interface (Fig.1). In a
magnetic field, such magnetic springs can be twisted or relaxed which is possible in
moderate fields and is controllable by the thickness of the component driving the switching.
Additionally, electric control could be accessible for interfaces with limited electrical
screening (i. e., insulating character). We note that such magnetic springs get much more
interesting in case of a well-defined spin chirality which may be obtained from a sufficiently
strong DM interaction. Recent work indicates a substantial and electrically controllable DM
interaction in SrRuO3 [4]. The spin texture of interfacial magnetic springs can be
topologically non-trivial, i. e., neighboring spins must be non-coplanar [5]. This is, e. g., the
case when out-of-plane canting of spins is present leading to a conical spin spiral in an in-
plane magnetic field (Fig.1). The design of topologically “active” interfacial spin textures
which can be switched magnetically as well as electrically may be in reach and promises
yet unexplored electronic functionalities.

[1] H. Katsura, N. Nagaosa, A. V. Balatsky, PRL 95, 057205 (2005)

[2] S. Das, K. Dorr et al., PRB 99, 024416 (2019)
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Magnetic damping is one of the critical parameters that determine the speed and energy
required to operate spintronic devices. For example, the critical current required to switch
spin-transfer torque random access memory (STT-RAM) cells is calculated to be directly

proportional to the damping parameter.! In addition, recently proposed technologies, such
as spin-logic, require new materials that exhibit ultra-low values of the damping. Here, spin
excitations with long lifetimes are used to transmit information and perform computation
operations. As a result, it becomes increasingly necessary to engineer magnetic damping
in thin films and nanostructures to make such technologies feasible. Significant progress
has been made in developing quantitative theoretical models of magnetic damping in
materials. This has the potential to predict and guide the discovery of new materials with
exceptionally low values of the damping parameter. In fact, such models predicted an

exceptionally low damping in a simple Co-Fe alloy that was later experimentally verified.2:3
However, many factors contribute to the total damping of the complete system as it would
be used in a device. These consist of mechanisms that are both intrinsic and extrinsic to
the material. Such mechanisms vary from impurity scattering, electrodynamics, spin-
current generation, spatial confinement, and even geometry induced effects. As a result,
all of these sources must be taken into account and optimized for a specific application. To
complicate matters, these sources may be coupled to other critical magnetic properties
that prevents independent optimization. In this talk, | will review recent progress in
understanding the origin of sources of damping with the ultimate goal of controlling
damping in device structures. | will highlight some recent successes in applying this
knowledge to achieve low damping in structures made of metals and half-metals.

1 5. Mangin, D. Ravelosona, J.A. Katine, M.J. Carey, B.D. Terris, and E.E. Fullerton, Nat.
Mater. 5, 210 (2006).

2 5, Mankovsky, D. Kédderitzsch, G. Woltersdorf, and H. Ebert, Phys. Rev. B87, 014430
(2013).

3 M.A.W. Schoen, D. Thonig, M.L. Schneider, T.J. Silva, H.T. Nembach, O. Eriksson, O. Karis,
and J.M. Shaw, Nat Phys 12, 839 (2016).
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Nanomagnetic logic, which uses arrays of magnetostatically-coupled single-domain
nanomagnets for computation, is a low-power alternative to current charge-based
computation in semiconductor devices and furthermore allows for integration of memory
and information processing within the same architecture [1]. At the heart of the
computation in nanomagnetic circuits lies the thermal relaxation from a field-set state
towards a low-energy state of the interacting ensemble, and pathways for deterministic as
well as probabilistic computation can be implemented [2].

Unfortunately, global heating schemes based on contact to a hot reservoir which are
currently used to achieve thermal relaxation lack the speed and spatial selectivity required
for the implementation in technological applications. By adapting ideas from the emerging
field of thermoplasmonics [3], an alternative approach to heating of nanoscale magnets has
recently been demonstrated by combining gold nanoantennas with magnetic elements [4].
Plasmon-assisted photoheating of such hybrid structures allows for temperature increases
of up to several hundred Kelvins within time scales as short as a few tens of picoseconds. In
addition, spatially-selective and sublattice-specific heating can be achieved by controlling
the laser beam focal position and light polarisation, see Figure.

Using optical degrees of freedom, /.e. focal position, polarization, power, and pulse length,
thermoplasmonic heating offers itself for the use in flexible, fast, spatially-, and element-
selective magnetic thermalization, and we will explore its application to the control of
relaxation pathways for nanomagnetic computation.

This work was supported by the Spanish Ministerio de Economia y Competitividad under the
Maria de Maeztu Units of Excellence Programme - MDM-2016-0618 and the Project
FIS2015-64519-R, as well as from the European Commission under the Project H2020-
FETOPEN-01-2016-2017 “FEMTOTERABYTE" (project no. 737093).
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and R. Quidant;. Laser Photonics Review (2013) 7, 171.

[4] Selective and fast plasmon-assisted photo-heating of nanomagnets, M. Pancaldi, N. Leo,
and P. Vavassori, Nanoscale (2019); DOI: 10.1039/c9nr01628g.
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The field of spintronics has been constantly searching for materials with large spin
polarizations. The cobalt-based Heusler alloys are coming under intense scrutiny due to the
promising applications in ultralow-energy spintronics, for their high spin polarization and
half-metallic electronic structure. This study uses epitaxially grown magnetic Heusler
compounds Co,TiSn (CTS) and vanadium doped Co,Tig gVg.4Sn (CTVS) thin films to

investigate the spin-dependent transport (magnetoresistance and anomalous Hall effect)
and thermoelectric effects (Seebeck and anomalous Nernst effects). By using the Mott
formula, we deduced the anomalous Nernst angle in analogy to the anomalous Hall angle,
and the anomalous Nernst angle for CTVS is 15% at 220 K, whereas it is only 0.5% for the
undoped film at 300 K. A direct comparison of the experimental results is shown in Fig.

1 with both anomalous Nernst and Hall angle values. Considering the Mott relation, these
experimental results may be accounted for by an enhanced energy derivative of the
anomalous Hall conductivity near the Fermi level that is shifted by vanadium doping. These
results may provide opportunities to realize spin caloritronic devices for efficient on-chip
energy harvesting based on magnetic Heusler thin films.
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13032 - Taming antiferromagnetic (squeezed) magnons to amplify
spin transport and superconductivity

16. Magnetotransport, spintronics, spin orbitronics and spin caloritronics.
Akashdeep Kamral

1 Center for Quantum Spintronics, Department of Physics, Norwegian University of Science
and Technology, Trondheim, Norway

Employing the concept of two-mode squeezed states from quantum optics, we demonstrate
a revealing physical picture for antiferromagnetic magnons. Superimposed on a Néel
ordered configuration, a spin-flip restricted to one of the sublattices is called a sublattice-
magnon. We show that an antiferromagnetic spin-up magnon is comprised by a
superposition of states with n+1 spin-up and n spin-down sublattice-magnons, and is thus
an enormous excitation despite its unit net spin. Consequently, its large sublattice-spin can
amplify its coupling to other excitations. This is achieved, for example, when an external
excitation bath couples to the antiferromagnet via an uncompensated interface.
Considering an antiferromagnet/conductor hybrid, we show that this increased magnon-
electron coupling leads to an enhancement of spin pumping current across the interface.
The same coupling enhancement results in a magnon-mediated superconducting phase in
the conductor with critical temperature potentially much larger than 1 K. Employing von
Neumann entropy as a measure, we show that the antiferromagnetic eigenmodes manifest
a high degree of entanglement between the two sublattices, thereby establishing
antiferromagnets as reservoirs for strong quantum correlations. Based on these novel
insights, we outline strategies for exploiting the strong quantum character of
antiferromagnetic (squeezed-)magnons.

References:

[1] A. Kamra and W. Belzig. Phys. Rev. Lett. 116, 146601 (2016).

[2] A. Kamra, U. Agrawal, and W. Belzig. Phys. Rev. B 96, 020411(R) (2017).

[3] E. Erlandsen, A. Kamra, A. Brataas, and A. Sudbg. arXiv:1903.01470.

[4] A. Kamra, E. Thingstad, G. Rastelli, R. A. Duine, A. Brataas, W. Belzig, and A. Sudbg.
arXiv:1904.04553.
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Challenges of Metrology and Standardisation of Magnetic
Nanoparticles

1. Biomagnetism and medical applications
James Wellsl , Uwe Steinhoff!, Frank Wiekhorst!
1 Physikalisch-Technische Bundesanstalt, Abbestr. 2-12, 10587 Berlin, Germany

Magnetic nanoparticles (MNP) comprise one of the largest families of nanomaterials, with
dependent products generating an annual turnover of over 2 billion Euros for European
companies, alone. MNP are widely employed for biomedical purposes: for in-vitro
diagnostics, specifically for the separation and extraction of cells, viruses, proteins, and
DNA from blood. In addition, new cancer therapies like magnetic drug targeting or
hyperthermia and technical applications like magnetic bearings, magnetic separation, or
loudspeakers make intensive use of MNP. Besides these scientifically well-known uses,
nanosized iron oxide materials also appear in the catalogue of nanomaterials used in
cosmetic products in the EU and the annual production of nanoformed iron oxide is
>100000 tons per year in the EU. Despite of these vast biomedical and technical
applications, the MNP sector still lacks agreement on unified terminology, standardised
measurement procedures of magnetic properties and certified reference materials (RM).
However, standardized nanomaterials and measurement methods are essential for safe
application, quality monitoring and trusted interaction between MNP producers and users in
the market.

To partially address these issues, ISO/TC229 is working on the first standard for MNP: ISO
19807-1 “Liquid suspension of magnetic nhanoparticles” (publication scheduled Summer
2019), which will define their main characteristics together with appropriate measurement
methods. A second more application-oriented ISO standard (ISO 19807-2) is under
preparation defining the main characteristics of superparamagnetic beads used for nucleic
acid extraction.

The development of measurement standards to characterize basic magnetic MNP
properties is still an outstanding task. This includes the definition of standard operating
procedures for the measurements, detailed agreements on sample preparation and a
harmonized methodology for evaluation and expression of the measurement results.
Quantitative uncertainty budgets are an essential precondition for viability tests of the
harmonized measurement protocols in ring comparisons. In addition to the characterization
of magnetic MNP properties, there is a big need for the standardized assessment of MNP
application performance, for example, magnetic separation performance or magnetic
hyperthermia performance.

We present the current developments and challenges in the characterization and
standardisation of magnetic properties of magnetic nanoparticles. In addition, we discuss
the different and sometimes contradictory perspectives of developers, manufacturers,
scientists, industrial and medical end users and other relevant societal stakeholders.
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O1 - Atomistic spin dynamics of core-shell magnetite-maghemite
and magnetite-cobalt ferrite nanoparticles

1. Biomagnetism and medical applications
Daniel Meilak! , Richard Evans?!
L university of York

Magnetite nanoparticles are promising for a range of medical applications including
magnetic hyperthermia, MRI contrast enhancement and targeted drug delivery. Both
maghemite and cobalt ferrite benefit from similar properties including high Curie
temperatures and moderate saturation magnetizations while having varying magnetic
parameters. Forming core-shell particles from these materials will allow us to fine tune the
particle properties to suit specific applications.

In this study, we look at core-shell nanoparticles made from these materials, to study the
effects of varying core-shell thicknesses and temperature variation on the core and shell
magnetisation and susceptibility. From this we achieve a better understanding of the heat
producing ability of these materials. To do this, we use a Heisenberg model and the
VAMPIRE software package developed at the University of York.

As the materials have similar structures, all inverse spinel cubic ferrimagnets with similar
lattice parameters, they are able to form stable nanoparticles of various shapes such as
spherical, truncated cube or cubic. The magnetization, susceptibility and hence the Curie
temperature of the particles should then be dependent on the ratio of core to shell. In
addition, by maintaining the overall particle diameter, even for particles with a core size of
less than 5nm, finite size effects will not radically affect the properties of the material, such
as lowering the Curie temperature, as the overall surface area is maintained.

We find that the Curie temperature of the nanoparticles fluctuates between the expected
values of bulk magnetite and maghemite or cobalt ferrite, depending on core-shell ratio.
The magnetic properties of the shell differ noticeably from those of the core as they do not
show any statistical finite-size effects, whereas the core shows an increasing non-zero
magnetization at high temperatures for lower diameters.
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02 - Au-Fe304-Nanoparticle in Radiotherapy: Novel therapeutic
approaches by varying the surface chemistry

1. Biomagnetism and medical applications

Stefanie Kleinl , Christina HarreiBL, Luitpold V. R. DisteF, Andreas Hirsch®, Carola Kryschi’
1 |nstitute of Physical Chemistry I, University of Erlangen-Nuremberg, Germany

2 Department of Radiation Oncology, University of Erlangen-Nuremberg, Germany

3 Institute of Organic Chemisty II, University of Erlangen-Nuremberg, Germany

Heterostructured nanoparticles like Au-Fe304-nanoheterodimers are attractive candidates

for advanced nanomaterials. These nanoparticles do not only benefit from the unique
properties of each pristine material but can also exhibit novel physical and chemical
properties. Both nanoparticles species have proved themselves as sensitizers for radiation
therapy. The combination of gold nanoparticles, emitting photo-/Auger electrons during X-
ray irradiation, with superparamagnetic Fe304-nanoparticles, as producing hydroxyl
radicals by catalyzing the Fenton reaction by X-ray interaction, makes the
nanoheterodimers ideal candidates as radio sensitizers.

The Au-Fe304-nanoheterodimers were synthesized by thermal decomposition of an iron

precursor on the surface of pre-synthesized gold nanoparticles. Unfortunately, the oleic
acid/oleylamine stabilized nanoheterodimers are not soluble in agueous media. One
strategy is ligand exchange, at which the hydrophobic ligands are replaced by hydrophilic
ones. Among others we used nitrosyl tetrafluoroborate (NOBF,) as a phase transfer reagent

to attain water solubility. The Fe304-surface could stabilize the nitrosonium ions, so that the

surface of the nanoheterodimers was covered by a mixture of oleic acid and nitrosonium
ions. X-ray irradiation of these nanoheterodimers led to a simultanous generation of

reactive oxygen and nitrogen speciesl. Another ligand exchange was achieved by using
superoxide scavengers. Additionally to the application as radiosensitizers, these
nanoheterodimers could also be used as radioprotectors in non-cancerous cells.

Another concept for achieving good water dispersibility consists of attaching amphiphilic
compounds at the hydrophobic surface to create a hydrophilic shell around the
nanoheterodimers. The used amphiphilic molecules determine the surface charge and
architecture of the nanoheterodimers. This controls the cellular uptake in cancer and non-

cancer cells and the cellular trafficking.?
IKlein, S et al. ACS Appl. Mater. Interfaces 2018, 10, 17071-17080.

2Klein, S. et al. ACS Appl. Bio Mater. 2018, 1, 2002-2011.
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03 - Design of magnetic particles for magneto-mechanical cells
destruction

1. Biomagnetism and medical applications

Robert Morell , Caroline Thébault!, Cécile NaudX- 2, Eric Billietl, Thierry ChabroF, Héléne
Joisten®: 3, Marie Carriére?, Yanxia Hou?, Francois Berger?, Bernard Dieny?!

1 Univ. Grenoble Alpes, CEA, CNRS, Grenoble INP*, IRIG-Spintec, 38000 Grenoble, France

2 Brain Tech Lab, UMR-1205, INSERM / UGA / CHU, F-38000 Grenoble, France

3 Univ. Grenoble Alpes, CEA, LETI, 38000 Grenoble, France

4 Uni. Grenoble Alpes, CEA, CNRS, IRIG-SyMMES, 17 avenue des Martyrs, 38000 Grenoble,
France

Magnetic nanoparticles have been widely investigated for biotechnological and biomedical
uses. Some of the best-known applications concern the drug delivery, hyperthermia or as
MRI contrast agent. In most cases, the magnetic particles consist in superparamagnetic
particles of a few tens of nanometers. Another type of application is the use of magnetic
particles for the application of force or torque on living cells or tissues. Under certain
conditions, it is possible in this way to induce the death of targeted cells, including cancer
cells. The magnetic particles suitable for these application are, however, very different from
the superparamagnetic particles used for the aforementioned applications. Since the
magnetic force is proportional to the volume, it is indeed preferable to use micron-size
particles.

In this presentation we will describe some of the magnetic particles that we have
developed [1], including vortex particles and magnetite particles (Fig. 1). The vortex
particles are permalloy discs, fabricated using a top-down approach by optical lithography.
The magnetite particles are obtained by the liquid-phase ball milling of a raw magnetite
powder, with irregular grain size and shape. It will be shown that, despite their completely
different nature, the magnetic properties of these particles make them suitable for
magneto-mechanical cell destruction.

In addition to their magnetic properties, the physicochemical properties of the particle
surface must be optimized to improve their stability and affinity with the cells, or to allow
functionalization for specific cell targeting. The functionalization pathways for the different
types of particles will be described in this presentation.

The low intrinsic cytotoxicity of the particles is evaluated by /in vitro experiment with
human glioblastoma U87-MG cells, measuring the viability by LDH and WST-1 tests to
observe the membrane permeability and metabolic activity of the cell. Then, cancerous
cells destruction is demonstrated /n vitro with the application of a low frequency (~20 Hz)
magnetic field using a Halbach ring device. On the other hand, /n vivo test with mice, with
particles injection into a brain tumor and subsequent magnetic field treatment, show a
different outcome. These results have led us to question the relevance of the /in vitro
model, for the benefit of a 3D model of cells spheroids in agarose gel that will be described.

Acknowledgements: Funding for this work have been provided by EuroNanoMed Il project
NanoViber.

[1] H. Joisten, et al., Applied Physics Letters 97, 253112 (2010); S. Leulmi, et a/., Applied
Physics Letters 103, 132412 (2013); S. Leulmi, et al., Nanoscale 7, 15904 (2015).

107



Figaras 1, Lelis Worhew e mogeetic povliches. Mighls (Wegoelile prwnar,

108



04 - Effect of geometrical properties and concentration on the
specific loss power of magnetic nanodisks

1. Biomagnetism and medical applications

Alessandra Manzin! , Riccardo Ferrero® 2

1 |stituto Nazionale di Ricerca Metrologica (INRIM), Torino, Italy
2 politecnico di Torino, Torino, Italy

In the last decade, magnetic nanomaterials have been intensively studied for future
application in cancer treatment, thanks to the possibility of inducing cell apoptosis via
hyperthermia or cell membrane mechanical stimulation [1, 2]. Focusing on hyperthermia,
when an alternating magnetic field is applied to a distribution of magnetic nanoparticles
dispersed in a tissue, different physical phenomena can concur to heat generation, e.g.
Néel relaxation, Brownian relaxation and hysteresis losses. Their relative contribution
depends on the size and physical properties of the used nanomaterials [3].

This work focuses on magnetic nanomaterials for which the prevalent heating contribution
comes from hysteresis losses. In particular, we study magnetic nanodisks made of different
materials, investigating the influence of geometrical properties (diameter and thickness) on
the specific heating capabilities [4]. We also analyze the impact of material composition
and geometry on the remanence state, in order to find the parameters that lead to a
negligible magnetic moment (e.g. vortex state) and thus prevent aggregation phenomena
at zero field. The analysis, performed via micromagnetic modelling [5], is extended to
realistic scenario, where the nanodisks are randomly distributed with very high local
concentrations. The aim is to derive an estimate of the specific loss power, as a function of
the dispersion state of nanomaterials.

The obtained results demonstrate that, in the case of vortex formation, wider hysteresis
loops and thus greater heating capabilities can be obtained by reducing nanodisk diameter
and/or increasing nanodisk thickness (see the figure on the left). Moreover, we found that
the heating efficiency is higher for well-dispersed nanomaterials, while a significant
decrease in the heat release is found for dense and compact aggregates. In the latter case,
the remanence state is strongly affected by the magnetostatic interactions between disks
(see the figure on the right).

[1] Z. Hedayatnasab et al., Materials & Design 123, 174-196 (2017).

[2] E. A. Perigo et al., Applied Physics Reviews 2, 041302 (2015).

[3] A. E. Deatsch and B. A. Evans, J. Magn. Magn. Mater. 354, 163-172 (2014).

[4] R. Ferrero et al., “Influence of shape, size and magnetostatic interactions on the
hyperthermia properties of permalloy nanostructures”, to appear on Scientific Reports.
[5] O. Bottauscio and A. Manzin, J. Appl. Phys. 115, 17D122 (2014).
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O5 - Ferromagnetic Resonance Biosensor System for Homogeneous
and Volumetric Detection of DNA

1. Biomagnetism and medical applications
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Novel biosensor technologies for rapid, user-friendly, sensitive, specific and cost-efficient
detection of pathogens and different kinds of biomarkers at the point-of-care (POC) and in
out-of-lab settings are increasingly demanded in applications such as human medicine,
veterinary medicine, environmental monitoring and food safety. Magnetic biosensors using
magnetic nanoparticles (MNPs) as read-out labels offer a number of unique advantages and
are strong candidates for POC and out-of-lab diagnostic devices. Magnetic biosensors are
commonly divided into two sub-groups; surface-based and volumetric (homogeneous)
magnetic biosensors. The first type usually involves binding of MNPs on a magnetic sensor
surface followed by detection of the magnetic moment of the MNPs (static read-out),
whereas the second measures the magnetic signal (usually changes in the dynamic
response of the MNPs) due to the entire sample volume. Having a homogeneous read-out
offers particular advantages in terms of less sample preparation requirements and faster
reaction. Herein, recent research advances using the ferromagnetic resonance (FMR)
technique for homogeneous and volumetric DNA biosensing are presented. The FMR
system measures the microwave absorption versus magnetic field and the resonance field
of a suspension of MNPs varies with the net magnetic (shape-, magnetocrystalline-)
anisotropy of the sample. Presence of a target analyte, which triggers an enzymatic
amplification reaction, changes the net magnetic anisotropy of the suspension, leading to a
shift of the resonance field that can be quantified by the read-out from the FMR
spectrometer. Two different isothermal amplification methods, /.e., rolling circle
amplification (RCA) and loop-mediated isothermal amplification (LAMP) are employed for
biosensing. For the RCA-based biosensing, binding of MNPs in RCA products of a synthetic
Vibrio cholerae target DNA sequence leads to the formation of MNP aggregates which
results in a decrease of the net anisotropy of the system and thereby an increase of the
resonance field. A limit of detection of 1 pM was obtained with an average coefficient of
variation of 0.16% and a total assay time of ca 90 min, which is superior to the
performance of other reported RCA-based magnetic biosensors. For LAMP-based
biosensing, formation of MNP aggregates by co-precipitation of MNPs and the LAMP by-
product magnesium pyrophosphate increased the resonance field of the sample. End-point
detection of a synthetic Zika virus target sequence in serum was demonstrated with a
detection sensitivity of 100 aM and a total assay time of 16 min. Recently, efforts have
been spent on extending the FMR-LAMP end-point biosensor to a biosensor for Newcastle
disease virus (NDV) with a real-time read-out. The prototype system has integrated sample
preparation and injection and can monitor the resonance field versus time. Preliminary
results suggest that this system is capable of detecting a synthetic NDV target sequence
with sub-fM sensitivity for a total assay time of 40 min. In summary, due to its fast
measurement, high sensitivity and possibilities to be miniaturized, the FMR-system holds
considerable potential to be developed to compact and low-cost DNA biosensors for POC
and out-of-lab use.
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06 - Integrated optomagnetic platform for biosensing applications

1. Biomagnetism and medical applications
Nicola Pesericol , Piero Borga?, Chiara Groppi?, Francesca Miles?, Andrea Melloni,
Riccardo Bertacco?

1 Dipartimento di Elettronica, Informatica e Bioingegneria, Politecnico di Milano, Milano,
20133 ltaly

2 Dipartimento di Fisica, Politecnico di Milano, Milano, 20133 Italy

Over the last years, the potential development of a range of biological sensors has been
raising significant interest in the scientific area. Obviously, this mainly comes from health
care, but other participants are looking into it like veterinary areas, food industries,
pollutants monitoring and military application against bio-chemical threats. In our work, we
developed a system that exploits the high sensitivity of integrated photonic platforms to
detect whether or not an analyte is present on our sensing area [1].The sensor is based on
a silicon photonics integrated microring resonator, suitably processed to expose the
waveguide. The transfer functions of the drop and through ports of the resonatorpresent a
peak-notch shaping in correspondence of the resonating wavelength A.es, Which

depends on the ring length and on the effective refractive index ngf f seen by the

electromagnetic field circulating in the guide. Due to the high sensitivity of the photonic
platform to the surroundings, whenever the refractive index above the waveguide changes,
e.g. a different fluid is on the chip, the optical response changes and the shift can be
detected with high precision thanks to an electronic feedback loop which adjusts the laser
wavelength, locking it to the crossing point of the through and drop transfer functions.
Close to the chip an electromagnet was used to produce an oscillating magnetic
field.Biomolecule measurements were performed on both label-free and label-based
approaches, showing an enhanced system sensitivity when using superparamagnetic
nanoparticles as passive labels [2]. The advantageous studied protocols were based on the
formation of a sandwich structure of p24 protein (a component of the capsid of the HIV
particle) in the middle of two artificial antibodies (as in Fig.1) or on the binding between two
complementary DNA strands. On the top of such structures, 100-150nm diameter magnetic
beads were attached. When the system is working, the oscillating magnetic field produced
by the electromagnet generates a force on the magnetic beads. This effect forces the nano-
labels to oscillate on the top of the microring resonators, which are part of the feedback
loop, as shown in Fig.2. Being the beads present only if the whole protocol was followed
(i.e. the desired compound - p24 or DNA - is present) the platform can notice an oscillating
feedback correction whose amplitude depends on the concentration of the original

assay, allowing the creation of a calibration curve.In conclusion this work investigated the
performances of a system used as biosensor which joins integrated optics and magnetic
nanoparticles. In particular, a significant reduction of false-positives and sensitivity down to
pM range were achieved for molecular recognition.

References

1. Bertacco R., Melloni A., Sharma P.P., Peserico N., "Dispositivo opto-magnetico sensore e
sistema di riconoscimento molecolare", Italian Patent Application 102017000145130,
(2017)

2. Peserico, N., Sharma, P. P., Belloni, A., Damin, F., Chiari, M., Bertacco, R., Melloni, A.
(2018, February). Enhancement of integrated photonic biosensing by magnetic controlled
nano-particles. In Nanoscale Imaging, Sensing, and Actuation for Biomedical Applications
XV (Vol. 10506, p. 105060N). International Society for Optics and Photonics.
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07 - Magnetic microbead manipulation on soft-magnetic structures -
numerical simulations and experiments

1. Biomagnetism and medical applications
Finn Klingbeill , Findan Block!, Rasmus Bahne Holldnder, Umer Sajjad?, Jeffrey McCord*
1 |nstitute for Materials Science, Kiel University, Kiel, Germany

Manipulation of magnetic particles has gathered much attention for possible applications in
bio applications allowing transport, separation and detection [1]. Functionalized
superparamagnetic microbeads (SPMMB) are widely used in labelling and detection of
biomedical species [2]. The control of SPMMBs using soft magnetic parent structures is a
road towards utilizing functionalized SPMMBs for guided specific drug delivery across lab-
on-a-chip systems.

The behavior of the SPMMBs is defined by the magnetostatic interaction between the
SPMMBs and magnetic parent structures over which an external magnetic vector field is
applied. Changing the external field and thereby the magnetic microstructure motion of the
SPMMBs is achieved via changing the correlated potential energy landscape. The modeling
of SPMMB behavior by quantitative descriptions of the magnetic forces between the
superparamagnetic microparticles and the micromagnetic state of the parent structure as
well as the hydrodynamic drag forces is of huge interest in the design of new parent
structures to achieve specific functionalities.

We present an algorithm to predict SPMMB behavior in a wide range of structures,
facilitating base functionalities of transport and sorting. Using the algorithm, it is possible to
simulate arbitrary magnetic structures. To model SPMMBs progressing along an array of
structures the possibility of periodic boundaries is implemented. In our code we can also
calculate for arbitrary magnetic field sequences. Although for most applications a 2-
dimensional simulation provides a good match with experimental results, in some cases the
magnetic potential in the out of plane axis of the structures can lead to forces lifting
SPMMBs of the ground. This behavior is addressed by expanding the calculated potential
energy landscape and numerical solver to the third dimension.

We selected a variety of different application related systems to highlight these. Movement
around a circular structure in a rotational field [3], along an array of eggs providing guided
movement in rotating fields, along a grid of triangles guiding motion by switching between
distinct field angles, and across exchange biased microstripes using four field steps
including out-of-plane fields [4] will be discussed. For all examples experimental data exists
and validates the results.

[1] B. Lim, P. Vavassori, R. Sooryakumar, and C. Kim, “Nano/micro-scale
magnetophoretic devices for biomedical applications,” Journal of Physics D: Applied
Physics. 2017.

[2] Q. A. Pankhurst, J. Connolly, S. K. Jones, and J. Dobson, “Applications of magnetic
nanoparticles in biomedicine. TOPICAL REVIEW,” J. Phys. D. Appl. Phys., 2003.

[3] U. Sajjad, R. Bahne Hollander, F. Klingbeil, and J. McCord, “Magnetomechanics of
superparamagnetic beads on a magnetic merry-go-round: From micromagnetics to radial
looping,” /. Phys. D. Appl. Phys., 2017.

[4] M. Donolato, B. T. Dalslet, and M. F. Hansen, “Microstripes for transport and
separation of magnetic particles,” Biomicrofiuidics, 2012.
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08 - Study of magnetic beads-DNA coils binding kinetics using a
differential homogeneous magnetic assay

1. Biomagnetism and medical applications

Sobhan Sepehril , Teresa Zarddn Gémez de la Torre?, Justin F. Schneiderman’- 3, Jakob
Blomgren®, Aldo Jesorka®, Christer Johanssorn?, Mats Nilsson®, Jan Albert” 8, Maria
Stremme?, Dag Winklerl, Alexei Kalaboukhov?

1 Department of Microtechnology and Nanoscience - MC2, Chalmers University of
Technology, SE-412 96 Goteborg, Sweden.

2 Department of Engineering Sciences, Uppsala University, The Angstrém Laboratory, Box
534, SE-751 21 Uppsala, Sweden.

3 MedTech West and the Institute of Neuroscience and Physiology, University of
Gothenburg, SE-40530 Goteborg, Sweden.

4 RISE - Research Institutes of Sweden, SE-411 33 Géteborg, Sweden.

> Department of Chemistry and Chemical Engineering, Chalmers University of Technology,
SE-412 96 Goteborg, Sweden.

6 Science for Life Laboratory, Department of Biochemistry and Biophysics, Stockholm
University, Box 1031, SE-171 21 Solna, Sweden.

7 Department of Clinical Microbiology, Karolinska University Hospital, Stockholm, Sweden.
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The binding kinetics of magnetic nanoparticles (MNPs) to rolling circle amplification

products (RCPs) is investigated using a differential homogenous magnetic assay (DHMA)1.
The DHMA utilizes a microfluidic device to measure the differential ac susceptibility signal
between a reference and a test sample, taking advantage of the symmetry in a high-Tc

SQUID gradiometer sensor?. The DHMA signal is related to the relative differences in the
particle distribution of the two samples, and the background magnetic signal is thus
eliminated. Therefore, minuscule changes in the nanoparticle’s concentration and size
distribution of the test sample are directly detectable in the solution. This makes the DHMA
a superior technique to characterize the binding interaction of the MNPs to biomolecules
like RCPs specially at very low concentrations. The DHMA reveals that there is a
competitive dynamic process between the MNP labelled RCPs and the unbound MNPs in the
solution as a function of the RCP concentrations. The evidence of this dynamic in the signal
fades as the MNP-RCP agglomerates are formed. The DHMA also shows that the smaller
MNPs in the MNP size distribution take precedence over the larger MNP in immobilization on
the RCPs. Comparing the DHMA responses with the turn-off detection method indicates that
a full frequency range ac susceptibility observation is necessary when detecting low
concentration of target RCPs. The findings are critical for understanding the underlying
microscopic binding process and improving the assay performance.

[1] Sepehri, S. et al, Differential homogeneous magnetic assay. Submitted.

[2] Sepehri, S. et al. Volume-amplified magnetic bioassay integrated with microfluidic
sample handling and high-Tc SQUID magnetic readout. APL Bioeng. 2, 016102 (2018).
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Because of strong spin-orbit coupling of Iridium magnetic interaction in I** oxides cannot
be described by an isotropic Heisenberg-like model and anisotropic exchange interactions
become important. In SrIrO4 and Srslr,05 with corner sharing octahedra the dominant

magnetic interactions are isotropic nearest neighbor coupling /and anti-symmetric
Dzyaloshinskii-Moriya (DM) interactions. In a-Na2IrO3 and other honeycomb iridates with
edge sharing IrO octahedra magnetic interaction were suggested to be bond-dependent
and to be described by the Kitaev model. We performed LSDA+U band structure
calculations for some iridates with corner or edge sharing IrO octahedra. Effective magnetic
interactions were estimated by mapping the total energy differences between various
magnetic structures onto a model which includes isotropic Heisenberg-like as well as bond-
dependent anisotropic magnetic interactions. In Sr5IrO4 and pyrochlore Y5Ir,05 the

dominant anisotropic exchange is the anti-symmetric DM interaction. In a-Na5IrO3 and

other honeycomb iridates symmetric anisotropic terms are at least as strong as the
isotropic ones.

118



010 - Domain-Superconductivity in Nb/FePd with lateral
inhomogeneous magnetization

2. Electronic structure and strongly correlated electron systems including superconductivity
Annika Stellhornl , Anirban Sarkar!, Emmanuel Kentzinger!, Markus Waschk?, Sonja
Schroederl, Patrick Schéffmann?, Zhendong F.7, Vitaliy Pipich?, Thomas Briickel*

1 jilich Centre for Neutron Science (JCNS) and Peter Griinberg Institut (PGl), JARA-FIT,
Forschungszentrum Julich GmbH, 52425 Julich, Germany
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Ferromagnetism (F) and superconductivity (S) have long been considered as antagonist
phenomena. When the magnetic state of the F-layer is inhomogeneous, magnetic domains
can spatially confine the superconductivity in an adjacent S-layer [1]. Our goal is to obtain
an understanding of such proximity effects between the two layers. The lateral magnetic
depth profile near the S/F-interface and the dependence of the superconductivity on the
magnetic configuration still needs to be investigated further.

As a prototype system we use thin film heterostructures of ferromagnetic FePd with a
superconducting Nb toplayer. The heterostructures are grown using molecular beam
epitaxy on an MgO(001) substrate. FePd is grown in the L1-ordered phase with a magnetic

anisotropy perpendicular to the surface plane [2]. This ensures a lateral magnetic domain
pattern. Resistivity measurements as a function of external magnetic field H reveal the
effect of the magnetic stray fields on the superconducting state. When the superposition of
the stray fields and H is below the second critical field, superconductivity nucleates over
the domain with magnetization direction opposite to H [1]. Confining the superconductivity
into domains leads to interesting new phenomena in the Nb thin film near its critical
temperature T..

To investigate the depth profile of the magnetization in both the Nb and FePd layers we use
neutron scattering techniques. Previously performed Polarized Neutron Reflectometry (PNR)
measurements have revealed a change of magnetization for an in plane applied magnetic
field as function of temperature. Grazing Incidence Small Angle Neutron Scattering
(GISANS) gives insight into the lateral magnetic fluctuations, in this case caused by the
domain pattern. Measurements at H=0 show a decrease of intensity in the GISANS peaks in
the range of temperature where the resistivity decreases to zero with temperature. This is
a strong sign for a change of magnetization in the periodic domain pattern and correlates
with an increase in intensity of the specular spot (see Figure 1).

[1] Z. Yang et al., Nat. Mater. 3, 793-798 (2004).

[2] V. Gehanno et al., Phys. Rev. B, 55, 12552 (1997).
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The study of electronic properties of physical systems in the presence of disorder spans
many decades, starting with the strong (Anderson) /ocalization ideas in the 1950s up to the
present-day investigations of quantum confinement in nanostructures. The breadth of
phenomena taking place in disordered systems, such as quantum percolation, ballistic
transport, quantum glassiness, or many-body localization, have been studied primarily
theoretically, e.g., as a function of dimensionality, nature of disorder, degree of interaction,
etc. Of particular interest is the physics occurring in low-dimensional qguantum magnets
under a varying degree of disorder. At very low temperatures and high magnetic fields,
close to a quantum phase transition, disorder suppresses the global phase coherence and
induces novel quantum critical behavior. But even under less extreme conditions, the
disorder-induced breaking of translational invariance promotes random couplings between
individual spins and leads to a so-called random-singlet (RS) state, a regime where spins
couple across arbitrary distances to form weakly bound singlets, which dominate the
magnetic features and the related dynamics.

What exactly happens when a regular spin-chain is exposed to an increasing degree of
disorder is not well known. Until recently, progress has been slow as far as numerical
simulations and, especially, experimental investigations of disordered low-dimensional
systems are concerned. The main reasons include computational difficulties due to the
large size of realistic disordered systems and, regarding experiments, the scarcity of
suitable systems in which disorder can be easily tuned over a broad range without
changing the structural character of the material.

Starting from BaCu5Si,05, a typical spin-¥2 chain system, we investigate a series of
compounds with different extents of bond disorder, where the systematic replacement of Si

with Ge results in a remodulation of the Cu2* exchange interactions. By combining
magnetometry measurements with nuclear magnetic resonance studies, we follow the
evolution of the disorder-related properties from the well-ordered BaCu,Si,07 to the

maximally disordered BaCu,SiGeO5. Our data indicate that already a weak degree of

disorder of only 5% Ge, apart from reducing the three-dimensional magnetic ordering
temperature Ty quite effectively, induces a qualitatively different state in the paramagnetic

regime. At maximum disorder our data indicate that this state may be identified with the
theoretically predicted random singlet (RS) state. With decreasing disorder the extension of
the RS regime at temperatures above 7y is reduced, yet its influence is clearly manifest,

particularly in the features of nuclear magnetic resonance relaxation data. The implications
of the above findings in a broader context will be discussed.

T. Shiroka et al. Phys. Rev. B 99, 035116 (2019).

T. Shiroka et al., Phys. Rev. Lett. 106, 137202 (2011).
T. Shiroka et al., Phys. Rev. B 88, 054422 (2013).

F. Alet and N. Laflorencie, C. R. Phys. 19, 498 (2018).
T. Yamada et al., /. Solid State Chem. 156, 101 (2001).
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Technology, SE-412 96 Gothenburg, Sweden

The interface between two wide band-gap insulators, LaAlO3 and SrTiO3 (LAO/STO) has

received much attention since it hosts a quasi-two-dimensional electron gas (q2DEG), two-
dimensional superconductivity, ferromagnetism, and giant Rashba spin-orbit coupling [1].
Superconducting correlations are commonly known to be suppressed in the presence of
magnetic fields and magnetic moments due to the Zeeman splitting and orbital effects.
Here, we report an unexpected enhancement of the critical current by a small magnetic
field in the nanowires fabricated from two-dimensional superconductor at the LAO/STO
interface [2]. The enhancement of critical current is very similar in nano-structures with
different geometries, which implies that it is of local origin, i.e., associated with magnetic
spins rather than interference of supercurrents. At zero magnetic field, the critical current is
suppressed by unpolarized magnetic impurities. A small magnetic field polarizes the spins
that reduces spin-flip exchange scattering, resulting in an enhancement of the critical
current, as observed in all our nanostructures [3]. Our results shed light on the microscopic
nature of two-dimensional superconductivity and ferromagnetism in the LAO/STO interface,
where the homogeneous superconducting layer is spatially separated from the magnetic
spins originating from oxygen vacancies in the STO substrate. Our findings are important
for designing superconducting devices based on the LAO/STO interface, in particular for
realization of theoretically predicted odd-triplet superconductivity [4].

[1] S. Gariglio, M. Gabay, and J.-M. Triscone, “Research Update: Conductivity and beyond
at the LaAlOs/ SrTiO3 interface”, APL MATERIALS 4, 060701 (2016).

[2] A. Kalaboukhov, P. P. Aurino, L. Galletti, T. Bauch, F. Lombardi, D. Winkler, T. Claeson,
and D. Golubev, “Homogeneous superconductivity at the LaAlO3/SrTiO5 interface probed by

nanoscale transport”, Phys. Rev. B 96, 184525 (2017).

[3]1 T.-C. Wei, D. Pekker, A. Rogachev, A. Bezryadin and P. M. Goldbart, “Enhancing
superconductivity: Magnetic impurities and their quenching by magnetic fields”, Europhys.
Lett. 75,943 (2006).

[4] L. Fidkowski, H.-C. Jiang, R. M. Lutchyn and C. Nayak, "Magnetic and superconducting
ordering in one-dimensional nanostructures at the LaAlO3/SrTiO3 interface", Phys. Rev. B

87, 014436, (2013).
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3 Department of Energy Conversion, Technical University of Denmark, 2800 Kgs. Lyngby,
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4 Department of Physics, Technical University of Denmark, 2800 Kgs. Lyngby, Denmark
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In the quest to understand the interplay between magnetism and superconductivity
(SC), our group investigates the behaviour of spin density waves, so called spin stripes,
through elastic and inelastic neutron scattering experiments on La 5_,Sr,CuOy4 (LSCO)

compounds. It is a well-known fact that one signature of the emergence of
superconductivity, is the opening of a spin gap in the excitations spectrum below the
superconducting critical temperature [1]. However, in the underdoped region of the phase
diagram, where magnetic order co-exists with SC, only a suppression of the low energy
excitations, at the onset of SC is observed, also referred to as an incomplete spin gap [2]. In
all the studies from the literature [1-4], the effect of applied magnetic field is to induce
excited states within the gap while suppressing the superconducting phase.

Our most recent neutron scattering experiments show a change in behaviour of the
magnetic signal, namely the stripes along the copper oxide bonds, correlated with the
transition, as a function of doping, to SC. We performed measurements on a highly
underdoped superconducting LSCO with Sr doping x = 0.07 and non-SC LSCO single
crystals with x = 0.05. The SC sample showed a magnetic field induced suppression of the
spin fluctuation between 0.5 meV and 1.5 meV concomitant with an enhancement of the
elastic signal (Figure 1 b) and d)). Corroborated with results from the literature, we believe
that our findings imply a coherent picture of spectral weight shift towards lower energy
transfers for SC samples under applied magnetic field. A similar magnetic field suppression
of the inelastic signal, below 2 meV, was observed in our non-superconducting sample, but
the lost spectral weight was not recovered in the elastic channel (Figure 1 a) and c)). We
speculate that the effect of an applied field on samples outside the SC dome is to move
spectral weight towards higher energy fluctuations in contrast to the downward movement
on the superconducting ones.

[1] Lake, B., et al., Sci., 291(5509), 1759 (2001).
[2] Chang, J., et al., PRL, 98(7), 077004 (2007).
[3] Tranquada, et al., PRB, 69(17), 174507 (2004).
[4] Chang, J., et al., PRL, 102(17), 177006 (2009).
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We present an extensive study of the ferromagnetic heavy fermion compound UzRu;Geg.

Measurements of electrical resistivity, specific heat and magnetic properties show that this
material orders ferromagnetically at ambient pressure with a Curie temperature TC = 6.8 =
0.3 K. The low temperature magnetic behavior of this soft ferromagnet is dominated by the
excitation of gapless spin-wave modes. Our results on the electrical resistivity of UsRu;Geg

under pressures up to 2.49 GPa suggest that this system has a putative ferromagnetic
gquantum critical point (QCP) at P. = 1.7 = 0.02 GPa. In the ordered phase, ferromagnetic

magnons scatter the conduction electrons and give rise to a well defined power law
temperature dependence in the resistivity. The coefficient of this term is related to the
spin-wave stiffness and measurements of the very low temperature resistivity allow to
accompany the behavior of this quantity as the the ferromagnetic QCP is approached. We
find that the spin-wave stiffness decreases with increasing pressure implying that the
transition to the non-magnetic Fermi liquid state is driven by the softening of the magnons.
The observed quantum critical behavior of the magnetic stiffness is consistent with the
influence of disorder in our system. At quantum criticality (P = P), the resistivity shows the

behavior expected for an itinerant metallic system near a ferromagnetic QCP.
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7 Swiss Light Source, Paul Scherrer Institut, 5232 Villigen PSI, Switzerland

The observation of high-Tc superconductivity in FeAs based 122-type compounds (AFe5As,)

in 2008 has triggered an enormous scientific interest in the last decade [1-5]. Here, we
investigate the rich playground among the electronic, magnetic and structural properties of
the Eu(Feg gglrg.12)2As, compound using x-ray absorption spectroscopy and single crystal

diffraction techniques under high pressure and at room and low temperatures. The
aforementioned Eu-based material orders ferromagnetic (FM) below T¢ ~ 17 K at ambient

pressure, where a small or complete absence of magnetic moments are observed at the Fe

and Ir sites. Therefore the magnetism is dominated by the Eu2* ions (J=7/2). In addition,
macroscopic measurements surprisingly display a bulk superconductivity emerging below
22 K [3] in which magnetism and superconductivity coexist at low temperatures.

Our X-ray absorption spectroscopy (XAS) measurements reveal that the Ei2* ions have the
magnetic state diminished followed by an enhancement of the amount of the non-magnetic

Eu3* ions () = 0) [Fig. 1(a)-(b)]. The collapse of the magnetic state starts arising around 3-5

GPa in which it can be seen as a delocalization of the 4 shell electrons. Consequently a
charge transfer between the Eu magnetic ions and the dense orbital environment can be
expected. However, no evidence of magnetism was found at the Fe ions under pressure
which contradicts band structure calculations performed for Co doped materials [6]. In
addition, we observe that around 15 GPa the x-ray magnetic circular dichroism (XMCD) is
reduced drastically to 20 % in which the average oxidation state for the Eu ions is
approximately +2.3.

To probe the lattice, high-pressure single crystal x-ray diffraction measurements were
performed at room and at low temperatures. As observed in the XAS measurements,
around 3-5 GPa a first transition from tetragonal (T) to collapsed-tetragonal (CT) is
observed, that is temperature-independent [Fig. 1(c)]. This isostructural transition is mainly

stimulated by the compression of the Eu ions since the Eu3* ions have a small volume
compared with the Eu2+. However, the CT phase is rapidly suppressed in which above 8-
12 GPa the system transits to an orthorhombic (Or) phase with a strong temperature
dependence as observed for data collected at room and low temperatures. In this range of
pressure and above, the Eu oxidation seems to be very close to the saturation value which
makes the As-Fe/lr-As and As-Eu-As layer distances play important role in the properties of
the system. Consequently, the layer distance might directly affect the superconductivity
and the magnetism in the system.

These results open up new possibilities for exploring how the structural, electronic and
magnetic properties can be coupled to superconductivity in the 122 family.
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Titanium phosphate shows several interesting features as
pressure and temperature is varied, e.g. spin-Peierls transition
and incommensurately modulated phases. In this work we have
investigated the magnetic properties of TiPO,4 at high pressure

and the effect of electron correlations on the structural and
electronic properties of TiPOy,.

At ambient pressure TiPO4 feature edge-sharing TiOg octahedra

that form chains in the c-direction (phase I). At low temperatures

these chains are antiferromagnetically ordered. As pressure is

increased the chains begin to dimerise, leading to an incommensurately
modulated crystal structure (phase Il). Eventually the dimerisation of these
chains locks in, leading to a dimerised phase lll.

We find that as pressure is further increased the local magnetic moments of the

Ti atoms and the band gap decrease. In connection with metallization, there is a phase
transition into two recently discovered crystallographic phases.

In these high pressure phases, the band gap is restored.

In an addition, one of the phases also shows a large local magnetic moment of the Ti atoms.
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The microscopic magnetic nature of NaV,04, in which the V ions form quasi-1D (Q1D)
zigzag chains along the b-axis, was initially investigated by positive muon-spin
spectroscopy (USR) [1]. Powder samples were studied down to 7= 1.8 K and a static
antiferromagnetic (AF) order appears below Ty = 140 K. In order to clarify the reason for

the coexistence of long-range AF order and metallic conductivity in NaV504, neutron

powder diffraction experiments were performed. The analysis of the magnetic Bragg peaks
below 7y = 140 K demonstrated the formation of an incommensurate spin density wave

order (IC-SDW) [2] with k = (0, 0.191, 0), the ordered moment was estimated to be (0, O,
0.77 ug) at T = 20 K. Further, from synchrotron radiation x-ray diffraction, we found no

indication of structural phase transitions down to 7= 100 K. Hence, the IC-SDW order is
thought to be caused by an intrinsic instability of the V5,04 zigzag chain system at low T.

Recently, we found details in our uSR data, indicating the presence of a helical magnetic
order in this compound [3], which was further supported, by NMR and bulk measurements
[4]. Finally, the electronic structure of single crystal NaV,0,4 was investigated using angle-

resolved photoelectron spectroscopy (ARPES). The spectra show two dispersing bands
crossing the Fermi level and a 1D Fermi surface strongly nested along the b-axis [5-6]. The
nesting vector is found as k = (0, 0.195, 0), perfectly matching our neutron diffraction data.

This research is funded by Swedish Foundation for Strategic Research (SSF) within the
Swedish national graduate school in neutron scattering (SwedNess), a Marie Sktodowska-
Curie Action, International Career Grant through the European Commission and Swedish
Research Council, VR (INCA, Dnr. 2014-6426), a VR neutron project grant (BIFROST, Dnr.
2016-06955), a VR Starting Grant (Dnr. 2017-05078) as well as Carl Tryggers Foundation
for Scientific Research (CTS-18:272).
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Very strong spin-orbit interaction of the 5f states involved in metallic bonding has a great
potential for information storage, magnet technologies, or spintronics. A drawback is low
ordering temperatures, remaining below the room temparture for all U-based ferromagnets.
Alloying with 3d metals, the route working well for enhancing the 7¢ value in rare-earth

compounds, leads to the mutual 5f-3d hybridization, detrimental for both 3d and 5f
magnetism in the actinides case. How else can be the 5f magnetism tuned? A hint has been
provided by uranium hydrides. Short U-U distances, being as low as 330 pm in beta-UHs,

prevent the localization of the 5f states. Following the systematics, the hydrides should be
actually non-magnetic. In reality they are robust ferromagnets with 7c = 165 K, equal for

both UH5 structure modifications. This fact brought us to explore the reasons, as they may
hint to a more general route of the 7 enhancement. They could be identified when
comparing partial densities of states of U metal and UHs. The H bonding affects mostly the

U-6d states, normally bringing the 5f-6d hybridization, contributing to the 5f band
broadening. In the hydrides, the 6d states are withdrawn from the hybridization with the 5f
states. One part is hybridized with the H-1s states in the range 5-7 eV below the Fermi
level, another part shifts above the Fermi level. The 5f-6d hybridization is therefore mostly
inhibited, the very narrow 5f band stays around the Fermi level, leading to a modified band
magnetism with strongly correlated features, indeed observed by electron spectroscopies.
The total negative charge on H increases, mostly due to the 6d transfer, while the 5f
occupancy remains practically unchanged [1].

Exploring other possible U-based materials, a similar situation can be expected in pnictides.
Binary and ternary compounds including a pnictogen (As, Sb, Bi) exhibit magnetic ordering
at rather high temperatures. Among ferromagnets, UCu,P5 is the record holder with 7¢ =

216 K [2]. Unlike hydrides, the U-U spacing is considerably larger, reaching almost 400 pm,
which can be actually too high for optimum 7¢. To test it we undertook an experiment of

exposure of a UCu ,P, single crystal to hydrostatic pressure p while monitoring the 7¢
variations. Indeed, 7¢ strongly increases, reaching almost 270 K in a broad maximum

around p = 6 GPa. The experiment is complemented by ab-initio fully relativistic spin- and
orbital-polarized calculations, revealing the changes of populations of individual type of
states. It is shown that the total moment 1.9 pg/f.u. consists of spin ug = -2.0 yg and orbit

M4 = 3.9 yg. The calculations correctly reproduced the easy magnetization direction, which

is the c-axis of the hexagonal structure. The anisotropy energy is 8.2 meV/U atom, i.e 131
K. DLM calculations give the 7 = 282 K. The case demonstrates that the 5f
ferromagnetism at room temperature is possible.

This work was supported by the Czech Science Foundation under the grant No. 18-02344S.
[1]I. Tkach et al., Phys.Rev.B 91, 115116 (2015).

[2] D. Kaczorowski and R. Troc, J.Phys.:Cond.Mat. 2, 4185 (1990).
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Negative exchange bias (NEB) is usually discovered in ferromagnetic

(FM)/antiferromagnetic(AFM) or FM/FM heterostructures after field cooling (FC). 1.2
Relatively, positive exchange bias (PEB) is a rarely observed phenomenon. So far, almost
all of models for PEB whether undergo FC or zero-field-cooled (ZFC) have been explained by

an interaction of strong AFM coupling at the interface.3-> In this work, high-quality SrFeO3_

20 u.c/LSMO 13 u.c bilayers were successfully fabricated on the STO (001) substrate by
pulsed laser deposition system. The interfacial flatness of the film was observed by high-
angle annular dark-field scanning transmission electron microscopy (HAADF-STEM)
instrument, certifying the layer-by-layer growth nature. X-ray diffraction (XRD) technique
confirmed the bilayers were fully textured along the (00/) orientation of the substrate.
Magnetic properties were determined by vibrating sample magnetometer in PPMS (PPMS-
VSM) with a in-plane applied magnetic field, and First-principles calculations were carried
out with density functional theory and using the projector augmented wave method as
implemented in the Vienna Ab /nitio Simulation Package (VASP). The result reveals that a
novel PEB effect were obtained after ZFC the bilayer, of which the shift directions are
unfixable and dependent on initial magnetization direction. Through an in-plane induced
field to control the remanence (M,) direction of LSMO at room temperature (RT), followed

by cooling below the Ty of SrFeOs_, without any magnetic field treatments, the shift

direction can be locked only toward the induced field. Combine with experimental results
and first-principles calculations, we propose that the above phenomena are explained as
field-induced AFM phase of SrFeOs_, transform into FM phase at a FM coupling bilayer

interface. Thus, our conclusions not only provide an appealing way to realize and tune the
zero-field-cooled PEB with FM coupling heterogeneous systems but also promote the
application of low energy consumption EB-based spintronics without magnetic field cooling.

[1] Dong, S.; Yamauchi, K.; Yunoki, S. Phys. Rev. Lett. 2009, 103, 127201-127204.

[2] Gibert, M.; Zubko, P.; Scherwitzl, R.; Iniguez, |. Nat. Mater. 2012, 11, 195-198.

[3] Zhou, G.; Yan, Z.; Bai, Y.; Zang, J.; Quan, Z.; Qi, S.; Xu, X. ACS Appl. Mater. Interfaces
2017, 9, 39855-39862.

[4] Nogués, J.; Lederman, D.; Moran, T. ). Phys. Rev. Lett. 1996, 76, 4624-4627.

[5] Ding, J. F.; Lebedev, O. I.; Turner, S.; Tian, Y. F.; Hu, W. J.; Seo, J. W.; Panagopoulos, C.;
Prellier, W.; Van Tendeloo, G.; Wu, T. Phys. Rev. B 2013, 87, 054428- 054434.
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The magnetically frustrated spin ice family of materials is host to humerous exotic
phenomena such as magnetic monopole excitations and macroscopic residual entropy
extending to low temperature. A finite-temperature ordering transition in the absence of
applied fields has not been experimentally observed in the classical spin ice materials
Dy2Ti,O7 and Ho,Ti»O5. Such a transition could be induced by the application of pressure,

and in this work we consider the effects of uniaxial pressure on classical spin ice.
Theoretically we find that the pressure induced ordering transition in Dy,Ti>O5 is strongly

affected by the dipolar interation. We also report measurements on the neutron structure
factor of Ho,Ti>O7 under pressure, and compare the experimental results with the

predictions from our theoretical model.
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Elementary excitations are a basic concept essential for describing dynamical processes in
condensed matter. Their variety is vast; ranging from established phonons and magnons to
exotic magnetic monopoles [1] and Majorna fermions [2]. Yet, when order parameters
intertwine, identification of elementary excitations is extremely difficult. For instance, the
elusive excitations in high-temperature superconductors that propel fluctuating-charge-
stripe, i.e., electronic nematic, phases [3] are still unidentified.

Here we report on a new type of elementary excitations in a spin-stripe state that is a
bound state of two phason excitations, corresponding to two perpendicular amplitude-
modulated magnetic components with different modulation periods. Exploring the

frustrated zigzag spin-1/2 chain compound beta-TeVO,4 [4,5] by muon-spin relaxation,

neutron diffraction and dielectric spectroscopy, we find that the spin-orbit coupling
introduces sizable anisotropic- and fourth-order-exchange interactions, which stabilize the
spin-stripe phase and set the energy scale of underlying excitations. beta-TeVO, offers a

unique perspective on the stripe physics that avoid the problem of intertwining degrees of
freedom, which hinders high-temperature superconductors.

[1] C. Castelnovo et al., Nature 451, 42 (2008).

[2] A. Banerjee et al., Nat. Mater. 15, 733 (2016).

[3]1 R. M. Fernandes et al., Nature Phys. 10, 97 (2014).
[4] M. Pregelj et al., Nature Commun. 6, 7255(2015).
[5] M. Pregelj et al., Phys. Rev. B 94, 081114 (2016).
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In contrast to the geometrical frustration arising from a disorder in the structure, a new
emerging topic of research is to make use of topologically well-ordered systems consisting
of ferromagnetic nanoislands arranged in planar arrays to create the geometrical
frustrations. The systems, where the geometrical frustration arises from the dipolar
interactions among the magnetic islands, are called artificial spin ices (ASIs)[1]. In square
ASI, different magnetizations of the four islands arranged in a vertex lead either to excited
or stable states. The possible configurations are separated by energy barriers (AE), which
can be reduced to zero by either applying an external field forcing the macrospins to a
rearrangement or overcome due to thermal fluctuations. To be able to control these
structures it is necessary to fully understand the reversal mechanism between distinct
states.

We investigate the thermal relaxation and therefore, the reversal mechanism in square ASI
by performing micromagnetic simulations. We consider an excited state (two Type IlI
vertices) as the initial state. By reversing the magnetization of the central island, we
obtain one stable state (two Type Il vertices), see Fig.1-b. We find that the interactions of
the central island with its nearest neighbors are crucial to understanding the reversal
mechanism between two state types. In order to analyze the temperature dependence of
AE, we perform the simulations reducing the saturation magnetization defined

as Mg(T)=Mg(1-T/T.)%>4, where Mg is the saturation magnetization at zero temperature, T
the temperature and T is the Curie-temperature. By applying the “string method”[2], we

find the minimum energy path (MEP) for the reversal mechanism between Type Ill and Type
Il vertices. The MEP yields the energy barrier necessary to switch between different types.
Furthermore, with the obtained ASI configurations we analyze the changes in AE arising
from the MEPs for the two possible rotation directions of the magnetization of the central
nanoisland.

We will show that it is essential that the collective magnetization excitations during the
reversal of the central element are taken into account. We consider two different scenarios
for the neighbors. First, AE is computed thus that the magnetization of the neighboring
islands are relaxed and hold constant during the rotation process. We apply the interaction
fields as an external field on the central island. In the second case, we relax the
magnetization of the neighboring islands for each intermediate state, as usual in the
improved string method[2], see Fig. 1. We show that the magnetization of the central island
affects the interaction fields during the rotation process. For the second approach, we
obtain a different and energetically more convenient MEP (Fig.1-a). Hence the energy
barrier is reduced by 20 % with respect to one isolated nanoisland. Furthermore, the Néel

relaxation time of the central island decreases from 1=9.4-1017(s) to t=2.1-1012(s) for
vp=0.5:1012 (s'1) and T=350(K)[3].

References:

[1] C. Nisoli et al. Rev. Mod. Phys. 85, 1473 (2013).

[2] E. Weinan et al. J. Chem. Phys. 126, 164103 (2007).
[3] Farhan, Alan et al. PRL 111, 057204 (2013).
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Magnetic nanoparticles (MNPs) show many interesting phenomena due to their unusual
physical properties strongly correlated with their size and morphology. Among the relevant
features of the size reduction of MNPs, the occurrence of surface magnetic disorder
deserves a special attention as it strongly modifies the magnetic properties of the
materials. In the case of magnetic nanoparticles with surface to volume ratio (S/V) higher
than 1 (i.e. for spherical nanoparticle with diameter below 5 nm) the fraction of spins lying
at/or near the surface produces a great enhancement of surface anisotropy and magnetic
frustration due to the spin disorder. In this frame, this communication will present two kinds
of nanoparticle systems with high S/V ratio, highlighting the effect molecular coating and
peculiar magnetic structure in hollow nanoparticles with R > 1. We investigated the effect
of coating 5 nm CoFe,04 particles by diethylene glycol (DEG) and oleic acid (OA). An

unexpected increase of the saturation magnetization and the blocking temperature, and a
decrease of the coercive field was observed DEG coated CoFe;04 nanoparticles with
respect to nanoparticles coated by OA. This can be attributed to the larger atomic magnetic
moments and to the lower magnetocrystalline anisotropy of the DEG sample as was
demonstrated by DFT calculations®. Starting from these results and having in mind the
exploration of “the no man’s land” of system with very high value of R > 1 hollow iron oxide
nanoparticles with external diameter ~9.4 nm has been investigated. High-resolution
transmission electron microscopy images confirmed the crystalline structure and the
presence of an ultrathin shell thickness of ~1.4 nm, implying, to the best of our knowledge,
the highest value of R observed in the literature (R = 1.5). These hollow nanoparticles have
been investigated by AC/DC magnetization measurements and using zero-field/in-field >’Fe
Mossbauer spectrometry. The in-field hyperfine structure suggests presence of a complex
magnetic structure that can be fairly described as due to two opposite pseudo
speromagnetic sublattices attributed to octahedral and tetrahedral iron sites. Such an

unusual feature, observed for the first time in crystalline materials.2
References

This work was partially supported by the FET-Proactive MAGENTA Project (Contract N.
731976).
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We present a generic solution to continuously alter the effective coupling between
mesoscopically sized islands of a ferro-magnetic material in a fully planar geometry [1].
The approach involves mixing nano-magnetic objects of distinctly different mesospin
dimensionality. In our example we use both elongated islands, spin dimensionality one, and
discs, spin dimensionality two, to create a new type of square artificial spin ice (SASI)
system dubbed modified SASI (mSASI) where a disc is placed in each vertex. The disc acts
as an interaction modifier and alters the effective coupling strengths between the
elongated islands. In this way we can not only recover the degeneracy between T, and T,

vertices, which is lost in SASI [2], but also promote an emergent magnetic order when the
energy landscape is reversed, see Fig. 1.

In order to study spatial correlations we use the magnetic spin structure factor (SSF). As G
is decreased, and the effective coupling increased, the magnetic SSF goes from having well
defined bragg peaks (D=0) as expected when having large T; domains, to resemble the

characteristic intensity distribution for a square-ice model spin liquid (G=30), associated
with an emergent Coulomb phase with slow decaying spin correlations [3,4,5]. Furthermore
at the smallest G=15 the T, and T}, population is reversed. Here the abundance of T

vertices gives rise to an emergent flux lattice on the next length scale dictating the order of
the spin system. The synergy and cooperative behaviour between the two different
mesospins provides a route for designing new types of magnetic metamaterials with rich
magnetic phase diagrams and thermodynamics.

[1]1 E. Ostman et al., Nature Physics 14, 375 (2018)

[2] Wang, R. F. et al. Nature 439, 303-306 (2006).

[3] Henley, C. L. Phys. Rev. B 71, 014424 (2005)

[4] Henley, C. L. Annu. Rev. Condens. Matter Phys. 1, 179-210 (2010)
[5] Perrin, Y. et al. Nature 540, 410-413 (2016)
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The Kondo effect, traditionally arising from exchange scattering of conduction electrons on
a magnetic impurity in a metal, is an eminent manifestation of many-body physics in
condensed matter [1, 2]. The resulting screening of the impurity's local moment by the
electron Fermi sea is characterized by a Kondo temperature below which the system enters
a strongly-coupled, non-perturbative regime (Fig. 1). In recent years, this effect has found
its realizations beyond the bulk-metal paradigm in many other conduction-electron
systems, such as in quantum point contacts, graphene, topological insulators, quantum
dots in semiconductor heterostructures and nanomaterials, and was also predicted for
three-dimensional Dirac and Weyl semimetals.

We have recently demonstrated the first experimental realization of Kondo screening by
charge-neutral quasiparticles [3]. The observed effect occurs in Zn-brochantite,
ZnCu3(0OH)gS04 [4-7], a charge-insulating quantum kagome antiferromagnet in which

strong frustration coupled with quantum fluctuations suppresses any long-range magnetic
order, giving rise to a long-range-entangled disordered state called a quantum spin liquid
instead. The general properties of this state are still hotly debated [8] but in Zn-brochantite
the observable behaviour is dominated by neutral-yet-spinful spinon excitations that form
an extended Fermi surface. These take the role of conduction electrons in screening the
magnetic moments of inherently-present impurities in the sample. The observed impurity
behaviour therefore bears a striking resemblance to the conventional case of a magnetic
impurity in a metal, albeit with some subtle but noticeable deviations due to the presence
of emergent gauge fields that are present in quantum spin liquids but not in metals.

The discovered spinon-based Kondo effect provides a prominent platform for characterising
quantum spin liquids, in the general context of utilizing impurities as /in situ probes of their
host states, and also offers a unique way of manipulating these enigmatic and elusive
states.
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Square artificial spin ice (ASI) are systems of bistable coupled single-domain nanomagnets
arranged in a square lattice, with four adjacent magnets aligned head-on at each vertex
point. The magnets are dipolar-coupled so that the macrospins at each vertex point obey
ice rules, minimizing the magnetic charge. The square ASI systems have been extensively
studied and found to exhibit stable demagnetized antiferromagnetic ordering [1]. By
rotating each nanomagnet some angle a around its center the pinwheel ASI variant is
created. Recent studies have shown a new phase of stable ferromagnetic ordering for
pinwheel ASI where a is near 45° [2]. Theoretical considerations of these pinwheel ASI
conclude that they exhibit regions of net magnetization, arranged to minimize the overall
stray magnetic field.

Preliminary simulations show that a regime with co-existing ferro-/antiferromagnetic order
can be found at intermediate rotation angles (a-values around 30°-35°). In this study we
use magnetic force microscopy to investigate pinwheel ASI with intermediate a between 0°-
45°, The investigated ASI are made of elements of about 220 nm by 80 nm. Additionally,
the dipolar coupling of the magnets is controlled by varying the pitch of the lattice,
effectively tuning the packing density and spacing between magnets. See SEM image of
fabricated 45° pinwheel structure with magnet spacing of about 16 nm and corresponding
MFM image below.

[1] L. J. Heyderman and R. L. Stamps, “Artificial ferroic systems: novel functionality
from structure, interactions and dynamics,” J. Phys. Condens. Matter, vol. 25, no. 36, p.
363201, Sep. 2013.

[2] R. Macédo, G. M. Macauley, F. S. Nascimento, and R. L. Stamps, “Apparent
ferromagnetism in the pinwheel artificial spin ice,” Phys. Rev. B, vol. 98, p. 14437, 2018
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For compounds having a two-dimensional triangular lattice (2DTL), on which each corner is
occupied by a magnetic moment, when the interaction between the two neighboring
moments is antiferromagnetic (AF), it is impossible to satisfy all AF interactions. As a result,
such geometrical frustration often leads to exotic magnetic transitions. Chromium
compounds ACrX> with a triangular lattice are widely studied as a geometrically frustrated

Heisenberg spin system with S = 3/2. Among them, chromium selenides and tellurides
(ACrSe; and ACrTe5) [1,2], where Cr ions create the 2DTL connecting edge-sharing CrXg

octahedra, are the less studied, probably due to the difficult synthesis. In this work we
present the results of the very first neutron diffraction experiment performed on the novel
compound LiCrSe,, obtained by Li+ ion insertion in the crystal structure of CrSe,,

previously characterized within our collaboration [3]. Our interest around LiCrSe, is double:

e From a magnetic point of view, the occurrence of a competition between the
antiferromagnetic in-plane metal-metal direct exchange interaction and the
ferromagnetic interlayer super-exchange interaction, leads to a spin structure very
different with respect to the one observed in the parent compound CrSe,. Preliminary

magnetic susceptibility measurements show that LiCrSe, displays an
antiferromagnetic transition at Ty = 33. Moreover, from in-house XRD, LiCrSe, shows
a first-order-like phase transition from a trigonal phase to lower symmetry phase at
TN-

e From the applied science point of view, the layered crystal structure of LiCrSe,, with
the Li-ion planes sandwiched between the CrO, planes, makes it suitable for possible

battery applications. Such structure is indeed similar to well established battery
cathode materials e.g. LiCoO; [51, and NaCoO, [6].

The neutron powder diffraction experiment on LiCrSe, confirmed the room temperature
crystal structure as well as the first-order nature of the structural transition observed in the

XRD experiment. From the comparison with the results of our previous u*tSR
characterization, also the magnetic transition is shown to display a first-order like behavior.
The occurrence of magnetic and structural transition at the same critical temperature is
explained by the presence of magnetoelastic coupling between the ordered magnetic
moments of the chromium atoms, which induces the lattice distortion. The conjecture
formulated after the preliminary in-house XRD experiment for the low temperature crystal
structure is monoclinic C2/m, nevertheless the attempts of magnetic structure refinement
with the neutron data, starting from a C2/m crystal structure, could not lead to any solution
for the spin structure. This is an indication of the fact that the conjecture is probably wrong,
however the occurrence of magnetoelastic coupling greatly complicates the neutron
analysis, a further synchrotron XRD experiment is therefore foreseen to complete the
picture.

[1] S. Kobayashi, et al., Phys. Rev. B 89, 054413 (2014)

[2] S. Kobayashi, et al., Inorganic Chemistry 55, 7407 (2016)
[31 ). Sugiyama, et al., Phys. Rev. B 94, 014408 (2016)

[4] D. C. Freitas, et al., J. Phys.: Condens. Matter 27 (2015)
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Research into geometrical frustration over the past two decades has revealed
fundamentally new exotic behavior [1]. The magnetic interactions of the structure, coupled
with the specific geometry causes frustration in the system, referred to as artificial spin
ices. Several geometries exist, but for the purpose of this research, the kagome and square
moment arrangements were used. In general, the geometry of these frustrated systems
follows the ice rule, that being two interacting moments point in while two point out. The
kagome however follows the modified ice rule of two moments pointing in while one points
out or vice versa. These systems appear as 2D analogues to the 3D structure and it is the
lattice configuration along with the specific frustration created that causes these exotic
behaviors. Presented here are the magnetoresistances obtained for kagome and square
magnetically frustrated systems in a single vertex and lattice format. Both geometries are
compared in a magnetically connected format and a magnetically disconnected format in
order to observe the exchange and dipolar energies. These structures were simulated as
permalloy, using OOMMEF [2], with dimensions of 1um long, 100nm wide and 10nm thick,
with the aim being to evaluate the magneto resistance. These calculations were done in
post processing, assuming the current density aligns with the long axis and a basic resistor
network. By comparing the simulated data for the connected and disconnected lattices with
the measurements taken previously, a greater understanding of the effect of the
disconnected versus connected structures can be achieved. Measurements of the kagome
lattice showed that the disconnected lattice had a change in magnetoresistance that was
2~3 times greater than the connected lattice. The subtle difference in the geometries of
the connected and disconnected lattices aids in the explanation of the effects and interplay
of both the spin structures and the current density.

This work demonstrates the potential for using simulations to expose magnetic interactions
in a lattice type structure and other interesting geometries, along with the enhanced
magnetoresistance.

References

[1] Nisoli, C., Moessner, R., & Schiffer, P. (2013). Colloquium: Artificial spin ice:
Designing and imaging magnetic frustration. Reviews of Modern Physics, 85(4), 1473.
[2] Donahue, M. J. (1999). OOMMF user's guide, version 1.0 (No. 6376).

Figure 1. SE0 dmages of an electrically connected but moanetically disconnached (hybdd)
Iattice (left). Alsp shown is the standord horeycomb lattice for companson.
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The interest for low dimensional and frustrated spin systems is attracting attention in both
the experimental, as well as theoretical research communities (1, 2). The reason is that
these materials display a variety of fascinating phenomena, such as exotic magnetic
ground states, superconductivity and quantum effects. Often, such the physics behind
these phenomena arises from crystal and magnetic structure, e.g. well-separated chains
(1D) or planes (2D), triangular-based, the Kagome and honeycomb lattices.

The compounds with Calcium-ferrite CaFe;04 (CFO) structure have been extensively

studied in the last decade because of their complexity of competing interactions on a
magnetic arrangement, as they exhibit an original geometrically frustrated lattice, based
on a honeycomblike mesh of triangular or zigzag ladders of magnetic atoms (3, 4).

Within this CFO system, NaMn,0,4 was first reported by Awaka et al. (5, 6), who synthesized

it under high-pressure of 4.5 GPa. The crystal structure at room-temperature is reported as
an orthorhombic having a Pnam with a~8.87A, b~11.2A and ¢c~2.85A. In this structure,
Mn>0O,4 double zigzag chains are formed by a network of edge-sharing MnOg octahedra

aligned along the c-axis so as to make irregular hexagonal 1D channels. The most
characteristic feature in the present NaMn,O,4 structure is the manganese charge and

orbital ordering (Jahn-Teller effect) in the Mn3*/Mn%*sites, which might give strong
influences to spin ordering (Figure 1a,b). In fact, our muon spin rotation spectroscopy study
investigated the signature of the complex magnetic structure of NaMn,04 (7).

The fact that the magnetic structure of NaMn,O,4 was not determined in these earlier works

motivated us to revisit its crystal and magnetic structures, along with the physical
properties. To this end, neutron powder diffraction (HRPT and DMC@PSI, Switzerland), were
performed on this compound.

High-resolution neutron powder diffraction data recorded at 200 and 1.5K show the
absence of any modification of the crystal structure, which remains Pnam down to 1.5K. A
broad asymmetric feature is observed on the neutron diffraction data below 75K. This
diffuse scattering signal decreases and the first magnetic peaks appear at 32K, which all
indexed with a propagation vector k= (0.5 -0.5 0.5). For below 6K, a few extra magnetic
peaks are observed on top of commensurate magnetic phase, which can be indexed with
an incommensurate propagation vector (Figure 1c).

The investigation of magnetic structures is currently carrying out by Rietveld refinement
using symmetry-adapted modes derived from representation analysis. There are four
irreducible representations of the little group which all indicate antiferromagnetic couplings
along edge-sharing octahedra (c-axis). This result is in good agreement with the prediction
based on direct exchange interaction and super-exchange interaction between Mn sites (3,
8).

. T. Masuda et al., Phys. Rev. Lett.96(2006)

L. Mihdly et al., Phys. Rev. Lett.97(2006)

C. D. Ling et al., J. Solid State Chem.160(2001)

H. Nozaki et al., Phys. Rev. B. 81(2010)

. J. Awaka et al., J. Solid State Chem. 179(2005)

. J. Akimoto et al.,, J. Phys. Conf. Ser. 15(2009)

. J. Sugiyama et al., J. Phys. Soc. Japan. 7(2009)
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Artificial Spin Ices (ASls) are arrays of strongly correlated nanoscale magnetic islands that
prove an excellent physical playground in which to study the role of topology on critical
phenomena. In this work [1, 2], we highlight an ASI system in which the magnetic order can
be tuned through changes to the lattice topology. In particular, we morph from the
canonical square ice to the recently studied pinwheel geometry [3, 4] by rotating each
island about an angle. The angle then acts as a proxy for controlling inter-island
interactions. Using Lorentz transmission electron microscopy on thermally annealed Co
arrays, we experimentally observe a change in magnetic order from antiferromagnetic
(AFM) to ferromagnetic (FM) across this class of geometries and study the dynamics as the
blocking temperature is traversed in the two phases. The change in ordering leads to a
change in the nature of the defects supported: from one dimensional strings in the AFM
phase to two-dimensional vortices in the FM phase, consistent with the Kibble-Zurek
mechanism [5]. Our results show how magnetic order in ASIs can be tuned by changes in
geometry so that a truly frustrated ice-rule phase is possible in 2-D systems, and
demonstrate this system as a testbed to investigate out-of-equilibrium dynamics across
phases.

References:
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We report exotic magnetic properties of the new frustrated quantum magnet [2-[Bis(2-
hydroxybenzyl)aminomethyl]pyridine]Ni(ll)-trimer (BHAP-Ni3) synthesized in single-

crystalline form. BHAP-Ni3 provides an ideal opportunity to study the magnetism of a

frustrated spin-triangle unit as it is comprised of spin-1 triangles where each triangle is
essentially magnetically isolated from the others. Calculations based on density functional
theory reveal the presence of all-antiferromagnetic type intra-triangle exchange
interactions in this system reflecting the frustrated character of the magnetism involved.
Our combined experimental results and theoretical model calculations reveal the existence
of an exotic spin state that stabilizes a robust 2/3 magnetization plateau between 7 and 20
T in an external magnetic field at 360 mK. AC-susceptibility data show the absence of any
magnetic order/glassy state down to 60 mK. The magnetic ground state is found to be
disordered and specific-heat measurements show a gapped nature of spin excitations. Our
theoretical modelling suggests that the experimentally observed 2/3 plateau originates
from the interplay between Heisenberg and biquadratic spin-spin interactions within a
nearly isolated spin S =1 triangle.
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Quantum spin liquid (QSL) states are exotic states of matter that feature strong quantum
fluctuations. The signatures of QSL are a disordered ground state at zero temperatures with
emergent quasiparticles that exhibit fractionalised excitations. Quantum fluctuations are
strongly enhanced in crystalline structures (a) that reveal crystalline symmetry with
geometric frustration (b) that are comprised of low spin magnetic ions (S = 1/2) and (c) in
which the total spin is entangled with orbital angular momenta. We show that

Yb$ {3}$Ga$ {5}$0% {12}$ (YbGQG) realises all of the above parameters and is thus a
candidate for a QSL ground state.

The magnetic Yb ions in YbGG realise a lattice of two interpenetrating hyperkagome
structures with Yb creating 3D networks of corner sharing triangles. The local crystal field
environment, as determined using inelastic neutron scattering, splits the ground state
degeneracy ] = 7/2 into a $\Gamma_{7}$ doublet ground state separated from the first
excited levels by 64.6 meV (= 746.78 K) such that, at temperatures much lower than the
crystal field gap, the magnetic properties are fully described by an effective S=1/2 local
moment. Magnetisation measurements determine a Curie-Weiss temperature

$\theta {CW}$ = -118 K, indicative of strong net antiferromagnetic exchange, with no
indication of long range order down to $T_{N}$ = 54 mK [1], resulting in an unusually high
frustration index of $\theta {CW}/T_N$ $\sim$ 2100. Specific heat measurements
determined the development of short range magnetic correlations below 0.5 K and a
lambda-transition at 54 mK while 170-Yb M\"{o}ssbauer spectroscopy, determined no static
magnetic order at temperatures below the lambda-transition. Indeed, the specific heat
measurements indicate that only 20\% of entropy is frozen at the lambda point [1,2].

It has recently been possible to synthesise a YbGG single crystal suitable for neutron
scattering studies, thereby accessing the detailed magnetic structure and spin dynamics
relevant for these low energy phenomena. Neutron scattering results confirm the short
range nature of the spin-spin correlations with unusual diffuse scattering features in both
the elastic and inelastic channels. Unusually, the short ranged ordered state in the
quantum spin YbGG is reminiscent of the directorate state found in the isostructural
classical spin compound (S = 7/2) Gd$_{3}$Gas$_{5}$0$ {12}$ (GGG). The directorate
state in GGG is a long range multipolar state formed by 10 ion spin loops, locally
disordered with antiferromagnetic exchange, yet perturbed by anisotropy to create a non-
symmetry breaking state [3]. Interestingly, the local spin configuration for YbGG, derived
from Reverse Monte Carlo simulations on 2D single crystal magnetic structure factor data,
also reveals a long range directorate state. An overview of the magnetic properties of YbGG
are presented and considered in the light of a phenomena that crosses the boundary
between classical and quantum spin states.

[1] Filippi et al. J. Phys. C: Solid State Physics (1980) 13 1277,
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Many hysteretic systems exhibit an effect referred to as return point memory (RPM) where
the system cycles through exactly the same microstates upon subsequent minor field
loops. This has been shown in a diverse set of physical systems, from superfluid Helium
condensation in capillaries [1] to the domain structure in magnetic thin films [2]. However,
in these systems RPM is inferred from macroscopic measurements. Artificial spin ice (ASI) is
an array of frustrated magnetic nanoislands which allows for observation of the precise
microstate throughout the minor loop. In previous studies ASI has been shown to exhibit
RPM [3, 4]. Using magnetic force microscopy and dipolar needle simulations we examine
the behaviour of square ASI in response to minor field loops for a range of quenched
disorder and interaction strengths. For specific quenched disorder and interaction strengths
we show ASI will no longer return to the same microstate after a single minor loop but
instead exhibit higher order periodic behaviour. Here we explore the specific structural and
magnetic features that give rise to the higher order behaviour.

[1] Lilly, M. P. et al. (1993). Memory, congruency, and avalanche events in hysteretic
capillary condensation. Physical Review Letters, 71 (4186).

[2] Pierce, M. S. et al. (2003). Quasistatic X-Ray speckle metrology of microscopic magnetic
return-point memory. Physical Review Letters, 90 (175502).

[3] Libal, A. et al. (2012). Hysteresis and return-point memory in colloidal artificial spin ice
systems. Physical Review E, 86 (2).

[4] Gilbert, I. et al. (2015). Direct visualization of memory effects in artificial spin ice.
Physical Review B, 92 (10).
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Cubic A,B,05 oxides with A standing for a rare-earth element and B for a transition or main

block metal have been systematically studied for their frequently exotic crystallographic
and electronic properties. Diverse ground states, magnetic structures and predicted
exciting electronic, magnetic and even topological properties originating from a
competition between electron-electron correlations and spin-orbit coupling have been
reported [1 and references therein]. The geometrical frustration of magnetic moments
residing on the A and/or B crystallographic positions offer a playground for scientific
investigations as well.

A>B>05 compounds in general crystallize either in a pyrochlore structure (F d -3 m, 227),
defect-fluorite structure (F m -3 m, 225) or a low-symmetry monoclinic structure (P 1 1 24, 2

[2]) at ambient pressure. The pyrochlore structure represents one of the canonical
examples for a structure where a unique ground state is difficult to achieve for a system of
magnetically coupled moments as demonstrated on a number of compounds [1,3,4 and
references therein]. The fluorite structure is another example of a geometrically frustrated
lattice, due to the fcc lattice of cations. However, the rare-earth/transition metal octahedra
are edge-, not vertex-sharing leading to a different exchange pathway type and thus
different magnetic exchanges. Moreover, the diluted magnetic lattice (complete A/B
disorder on the 4a position) is bound to have a great impact on the ground state of A;B,05

compounds as well.

We present our recent results on Er,Zr,05 crystallizing in latter structure type. An Er,Zr,0+

single crystal was prepared for the first time, being concurrently the first single crystal in
the A,Zr,07 family adopting the defect-fluorite type of cubic structure. The single crystal

was characterized by x-ray and neutron diffraction methods and studied by means of
magnetization, AC-susceptibility and specific heat [5]. The obtained results are dominated
by a pronounced low-temperature anomaly of magnetic origin in all types of
measurements. Several scenarios to explain the presence of the anomaly are introduced,
leaving a spin-glass state in Er,Zr,05 as the most probable explanation. Further, we

investigated powdered Er,Zr,05 employing low-temperature (0.3 K) neutron diffraction

experiment (E6, HZB). Measured diffraction patterns contain except nuclear (reflections)
peaks also a magnetic feature at around 20 degrees in 26. The temperature evolution of
magnetic signal is well in agreement with a development of the anomaly in magnetization
and specific heat data. The results are discussed in broader context of A,B505 oxides

crystallizing both in defect-fluorite and pyrochlore structure.

[1] W. Witczak-Krempa, G. Chen, Y. B. Kim, L. Balents, Annu. Rev. Condens. Matter Phys. 5,
57-82 (2014).

[2] N. Ishizawa, K. Ninomiya, T. Sakakura, J. Wang, Acta Crystall. E69, 19 (2013).

[3] M.J.P. Gingras, C.V. Stager, N.P. Raju, B.D. Gaulin, ).E. Greedan, Phys. Rev. Lett. 78, 947-
950 (1997).

[4] ).-). Wen, S.M. Koohpayeh, K.A. Ross, B.A. Trump, T.M. McQueen, K. Kimura, S. Nakatsuiji,
Y. Qiu, D.M. Pajerowski, J.R.D. Copley, C.L. Broholm, Phys. Rev. Lett. 118, 107206 (2017).
[5] K. VI&dskova, R.H. Colman, P. Proschek, J. Capek, M. Klicpera, submitted to Phys. Rev. B.
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Domains in ferroic systems define their functional properties. By controlling the domain size
and shape these properties can be modified. For magnets with a zero macroscopic net
moment though, such a control is non-trivial: Due to a vanishing demagnetizing field, there
is no energetic contribution limiting the domain size. The absence of an external field which
couples to a microscopic spin leaves the temperature as the only controlling handle for
domain manipulation - quenching the magnet fast enough through its phase transition
forces the system out of equilibrium and consequently prevents the formation of a single-
domain state in the ordered phase.

Here, we link the role of short-range ordering mediated by competing interactions to the
domain morphology of an antiferromagnet. Tuning this short-range order requires precise
adjustment of the competing interactions. Thus, we choose an artificial spin system based
on a two-dimensional lattice of dipolar-coupled Ising-like nanomagnetic islands placed on
the edge of a square, as shown in the figure. The balance of interactions between parallel
and orthogonal islands can be tuned by the inter-island distances. The single-domain
ground state of this system is independent of the strength of the two interactions. It is
characterised by flux-closed magnetic vortices within the unit cell (caused by the
interaction between orthogonal islands), with the handedness of neighbouring cells aligning

(stabilised by the coupling between parallel islands)Z. Equilibrium Monte-Carlo simulations,
however, reveal a crossover between different short-range orderings emerging above the
critical temperature when varying the interaction ratio.

We use a combination of magnetic force microscopy on as-grown samples and out-of-
equilibrium kinetic Monte-Carlo simulation to investigate the formation of short-range order
and its effect on the domain morphology. We find that, by crossing in between the different
short-range orderings, we can continuously tune the domain size, the preferred domain-
wall orientation as well as intrinsic properties of magnetic domain walls. Our findings may
therefore provide a pathway for manipulation of domain patterns in otherwise difficult to
access compensated magnets.

Liannis Lehmann et. al., Nature Nanotechnology 14, 141 (2019)
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The latest advances in the field of molecular spintronics have shown that the adsorption of
organic thin films can modify important properties of ferromagnetic thin films, like its spin
polarization, density of states and magnetization [1]. Moreover, a large variety of
ferromagnetic thin film systems are known to have a spin reorientation transition (SRT),
which can be driven by the film thickness, temperature, strain or adsorbates [2]. In the
case of Ni thin films grown on the oxygen (2x1) reconstructed Cu(110)-(2x1)O surface, a
sharp SRT of the magnetic easy axis from in-plane to out-of-plane orientation was found for
at a critical thickness of 9 ML [3].

In this work we demonstrate the switching of the magnetization in a thin nickel film
deposited on a Cu(110)-(2x1)0 surface from out-of-plane to in-plane through the deposition
of cobalt (II) phthalocyanine (CoPc) thin layers above 2.7 ML. The evolution of the magnetic
properties of the CoPc/Ni system has been monitored by in-situ magneto-optical
spectroscopy, allowing us to follow not only the magnetic switching in real-time during
deposition, but also the evolution of the optical properties of the CoPc as a function of
coverage on the ferromagnetic Ni film. The observed magnetic switching is attributed to the
modification of the surface magnetic anisotropy of the Ni thin film due to the adsorbed CoPc
molecules [4]. Our results show that through the deposition of CoPc on a ferromagnetic
surface, the optical and magnetic properties of the organic/inorganic system can be tuned
by the organic thin film thickness, encouraging the use of this relevant organic dye for
molecular spintronics.

[1] M. Cinchetti, V. A. Dediu, and L. Hueso, Nat. Mater. 16, 507-515 (2017)
[2] D. Sander, J. Phys.: Cond. Matter 16, R603 (2004)
[3] R. Denk, M. Hohage, and P. Zeppenfeld, Phys. Rev. B 79, 073407 (2009)

[4] M. Denk, D. Queteschiner, M. Hohage, A. Navarro-Quezada and P. Zeppenfeld, /. App!.
Phys. Special Issue Molecular Spintronics, accepted December 2018
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037 - Effects of a Molecular C60 Interface on the Spin-dependent
scattering of YIG/Pt

4. Magnetism in carbon-based and organic materials
SATAM ALOTIBI!
LS. Alotibi

We have studied the Spin Hall magnetoresistance in YIG/Pt interfaces with and without a
Cgo overlayer. The SHMR is generated by a current flow in thin (~nm) heavy metal layers

with a large spin orbit coupling (SOC) deposited on a magnetic insulators. A spin current Js
is generated in the metallic layer, perpendicular to the electronic current. When the
direction of the magnetisation M in the ferrimagnet is parallel to Js, the spin current is
reflected from the interface and back into the metal due to the inverse spin Hall Effect.
However, if the direction of the magnetisation M and spin polarisation are perpendicular,
the spin current propagates into the insulator as spin waves. Thus, the SHMR can be
observed by rotating the magnetisation vector. This effect has generated a large interest
and it is critical in the study of the spin Hall angle and its applications, e.g. for devices such
as spin torque MRAM [1, 2]. Nevertheless, the applied field should not exceed the out-of-
plane saturation field of YIG, or other mechanisms such as ordinary MR, localisation and the
Hanle effect may contribute to the results, in particular at low temperatures see figure (a).

At metallo-molecular interfaces, the electronic properties of both materials are changed due
to charge transfer and hybridisation. Previously, it has been shown that this can lead to the
emergence of spin ordering.[3]. This interfacial effect is also critical in spin filtering and

spin transport effects.[4]. Here, we have studied the effect of Cgq interfaces on the SHMR

generated in YIG/Pt. We find that the conducting interface formed between Cgy and Pt

layers results in a better residual resistivity and lower resistance by 40-60%. The SHMR of
Pt layers between 1.5 and 5 nm is enhanced by up to a factor 5 with Cgq. Thus, the spin

Hall angle ©SH is bigger for Pt/C60 than Pt, which we attribute to an enhancement of the
spin orbit coupling (SOC) by the Cgq -see figure (b,c). This SOC enhancement is

corroborated via anomalous Hall effect measurements [5]. Furthermore, there are other
SOC effects that are affected by the Cgg, such as the presence of a low field AMR that we

attribute to emergent/proximity magnetism in Pt and the formation of domain walls at the
hybrid interface (figure d).
References

H. Nakayama, et a/.,, Phys. Rev. Lett. 110, 206601 (2013)
S. Marmion, et al., Phys. Rev. B. 89, 220404 (2014)

F. Al ma’mari, et al,, Nature. 524, 69—73 (2015)

M. Cinchetti, et al., Nature materials. 16,

S. Meyer, et al., Applied Physics Letters 106, 132402 (2015)
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038 - Europium cyclooctatetraene nanowire carpets: a low-
dimensional, organometallic ferromagnet

4. Magnetism in carbon-based and organic materials
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Lucas M. Arruda’, Matthias Bernien®, Danny Thonig?, Anna Delin* 2 6, Jonas Fransson?,
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Duisburg, Germany
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Germany

4 Department of Physics and Astronomy, Materials Theory, Uppsala University, SE-75120
Uppsala, Sweden

> Department of Applied Physics, School of Engineering Sciences, KTH Royal Institute of
Technology, Electrum 229, SE-16440 Kista, Sweden

6 SeRC (Swedish e-Science Research Center), KTH Royal Institute of Technology, SE-10044
Stockholm, Sweden

7 European Synchrotron Radiation Facility, 71 Avenue des Martyrs, C540220, F-38043
Grenoble, Cedex 9, France

8 School of Science and Technology, Orebro University, SE-701 82 Orebro, Sweden

Sandwich molecular wires are a particular 1D class of organometallic structures. They
consist of a periodic sequence of 4f rare-earth metal cations, predominantly ionically bound
and eight-fold coordinated to planar aromatic anions, based on the cyclooctatetraene (CgHg

(Cot)) molecule as a ligand. Because of organometallic hybridization between the metal
atomic states and the extended nt orbitals of the Cot, the metal ions in the wire were
proposed to couple magnetically [1]. Here we investigate the magnetic and electronic
properties of europium cyclooctatetraene (EuCot) nanowires by means of low-temperature
X-ray magnetic circular dichroism (XMCD) and scanning tunneling microscopy (STM) and
spectroscopy (STS) [2]. The EuCot nanowires are prepared in situ on a graphene surface.
STS measurements identify EuCot as an insulator with a minority band gap of 2.3 eV. By
means of Eu M5 4 edge XMCD, orbital and spin magnetic moments of (-0.1 + 0.3)yg and

(+7.0 = 0.6)ug, respectively, were determined. Field-dependent measurements of the
XMCD signal at the Eu M5 edge show hysteresis for grazing X-ray incidence at 5 K, thus

confirming EuCot as a ferromagnetic material (see figure). Our density functional theory
calculations reproduce the experimentally observed minority band gap. Modeling the
experimental results theoretically, we find that the effective interatomic exchange
interaction between Eu atoms is on the order of millielectronvolts, that magnetocrystalline
anisotropy energy is roughly half as big, and that dipolar energy is approximately ten times
lower. We are confident that the finding of ferromagnetic ordering in an experimentally
well-accessible, surface-supported, organometallic system will provide new inspiration for
the field of molecular spintronics.

This work is supported by Deutsche Forschungsgemeinschaft (DFG, German

Research Foundation) through projects WE 2623/17-1 and MI 581/23-1 and

DFG Projektnummer 278162697 - SFB 1242, eSSENCE, the Swedish Research Council, the
KAW foundation (projects 2013.0020 and 2012.0031), and the Foundation for Strategic
Research. Further financial support through the Institutional Strategy of the University of
Cologne within the German Excellence Initiative, BMBF (no. 05K13KEA “VEKMAG")

and CAPES (no. 9469/13-3) is acknowledged.

[1] N. Atodiresei et al., Phys. Rev. Lett. 2008, 100, 117207.
[2] F. Huttmann et al., J. Phys. Chem. Lett. 2019, 10, 911.
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039 - Importance of organic ligands and substrates in 2D metal-
organic coordination network magnetism

4. Magnetism in carbon-based and organic materials
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1 Universidad del Pais Vasco UPV/EHU, Donostia-San Sebastian, Spain
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7 Saint Petersburg State University, Saint Petersburg, Russia

The magnetic properties of two-dimensional metal-organic coordination networks consisting
of TCNQ molecules linked by Mn and Ni atoms deposited on a Au(111) metal substrate have
been characterised, using X-ray magnetic circular dichroism (XMCD) at low-temperature
(T=2.5K), density-functional theory (DFT) and model Hamiltonian calculations. In the DFT
calculations, the electronic structure effects associated with the substrate are introduced
by varying the charge of the two-dimensional model networks.

A Weiss-theory analysis of the XMCD magnetization curves permits arriving at the
conclusion that in Mn-TCNQ the Mn atoms have rather large spins (close to S=5/2) that are
antiferromagnetically (AFM) coupled, while in Ni-TCNQ the spin of the Ni atoms is lower
(close to S=1/2) and they are ferromagnetically (FM) coupled (spin densities are shown in
Fig. a-b). The AFM coupling in the Mn-TCNQ network is of the Anderson's superexchange
kind, mediated by hopping terms between Mn(d) and the localised TCNQ-LUMO orbitals,
which are doubly occupied in the network (see sketch in Fig. c). By contrast, in the Ni-TCNQ
case, the LUMO is partially occupied and strongly hybridised with the Ni(d) electrons; the
ferromagnetic coupling follows from a RKKY-like exchange interaction via the itinerant
electrons in this hybrid band of about 100 meV width. Our DFT calculations predict the
AFM/FM couplings in the Mn/Ni systems, including a fingerprint of frustration in the Mn case,
although they yield overall larger exchange coupling constants than the Weiss fit of the
data [1,2].

XMCD measurements at normal and grazing incidence, together with the Weiss analysis,
provide information on the magnetocrystalline anisotropy (MCA). Mn-TCNQ is weakly
anisotropic with in-plane magnetization, while anisotropy is negligible for Ni-TCNQ, in line
with the S=1/2 ion picture. In the former system, DFT explains the behaviour as a spin-
density distribution anisotropy. In the latter, the scenario is more complex and the
aforementioned strongly hybrid Ni(d)-TCNQ states dominate the MCA, but it can not be
described by single-ion spin models. Additional DFT calculations that include spin-orbit
interaction effects self-consistently yield for Ni-TCNQ an out-of-plane magnetization with
MCA energies in the 0.44-1.90 meV range with a strong azimuthal dependence The reason
is an electronic structure symmetry breaking that affects the hybrid states near the Fermi
level. However, the observed MCA behaviour can be explained by two substrate effects of
different nature: (i) a structural distortion of the network to ensure lattice
commensurability, which reduces the Ni atom coordination, and (ii) an electron transfer of
0.25e from Au (projected densities of states on relevant d-orbitals are shown in Fig. d). Both
mechanisms would bring the system closer to a S=1/2 behaviour and, consequently,
reduce the magnetic anisotropy [2].

[1] M. Faraggi et al, J. Phys. Chem. C 2015, 119, 547-555; doi: 10.1021/jp512019w
[2] M. Blanco-Rey et al, Molecules 2018, 23, 964; doi:10.3390/molecules23040964
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041 - Room-temperature proximity induced spin Hall effect in
graphene/MoS2 van der Waals heterostructures

4. Magnetism in carbon-based and organic materials
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2 Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona
Institute of Science and Technology, Campus UAB, 08193 Bellaterra, Catalonia, Spain.

3 Department of Physics, Universitat Autdbnoma de Barcelona, Campus UAB, 08193
Bellaterra, Catalonia, Spain.

4 IKERBASQUE, Basque Foundation for Science, 48013 Bilbao, Basque Country, Spain.
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Graphene is an excellent material for long distance spin transport but allows little spin
manipulation. Transition metal dichalcogenides imprint their strong spin-orbit coupling into
graphene via proximity effect, and it has been predicted that efficient spin-to-charge
conversion due to spin Hall and Rashba-Edelstein effects could be achieved [1]. Here, by
combining Hall probes with ferromagnetic electrodes, we unambiguously demonstrate
experimentally spin Hall effect in graphene induced by MoS, proximity and for varying

temperature up to room temperature [2].

To study and quantify the proximity-induced spin Hall effect in graphene, we fabricated
devices as the one shown in Fig. 1a. The device contains exfoliated few-layer graphene
shaped into a narrow channel with double Hall bars. A multilayer MoS, flake lies on top of

one of the graphene Hall bars. Ferromagnetic Co electrodes are placed on the graphene
channel forming lateral spin valves. Nonlocal spin-to-charge conversion curves (Fig. 1b) are
obtained by applying a charge current between Co electrode (terminal 3) and graphene
(terminal 4) and measuring the voltage across the graphene/MoS, stripe (terminals 1 and

2), with the magnetic field applied along the in-plane hard axis direction (see the
configuration in Fig. 1a). As the initial spin polarization and applied field are orthogonal, the
spins precess around the field. This process results in an antisymmetric Hanle signal
exhibiting either a maximum or minimum at certain values of the magnetic field, when the
spins reaching the graphene/MoS, region point out-of-plane. The antisymmetric Hanle

curve is also reversed when the initial magnetization direction is switched since the
injected spins are opposite (red vs black line in Fig. 1b). By fitting the antisymmetric Hanle
signal to the solution of the Bloch equation, we calculate the spin Hall angle to be -0.3% at
room temperature, increasing up to -4.8% at 10 K [2].

The fact that spin transport and spin Hall effect occur in different parts of the same
material gives rise to a hitherto unreported efficiency for the spin-to-charge voltage output,
at least 20 times larger than in the Pt/graphene system [3]. Our findings pave the way
towards the combination of spin information transport and spin-to-charge conversion in
two-dimensional materials, opening exciting opportunities in a variety of future spintronic
applications.

J. H. Garcia, et al. Nano Letters, 17, 5078 (2017).
K. Safeer, et al. Nano Letters, 19, 1074 (2019).

1.
2. C.
3. W. Yan, et al. Nature Communications, 8, 661 (2017).

167



=1}

g 1T

-i'll‘_i-

-|I|:h

&b

(ST

Bl

168



5. Magnetorecording
media, magnetic
memories and magnetic
sensors

169



042 - A multifunctional standardized MT) stack embedding sensor,
memory and oscillator functionalities

5. Magnetorecording media, magnetic memories and magnetic sensors
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1 Univ. Grenoble Alpes, CEA, CNRS, Grenoble INP, IRIG-Spintec, 38000 Grenoble, France
2 Singulus Technologies AG, 63796 Kahl am Main, Germany

For monolithic heterogeneous integration, fast yet low-power processing and storage, and
high integration density, the objective of this study is to co-integrate multiple digital and
analog functions together within CMOS by adapting the Magnetic Tunneling Junctions (MT]s)
into a single baseline technology enabling logic, memory, and analog functions, particularly
for Internet of Things (loT) platforms. This will lead to a unique STT-MT]J cell technology
called Multifunctional Standardized Stack (MSS). This paper presents the progress in the
project regarding the three functionalities targeted for the technology, which are memory
oscillator and sensor. We show that the same magnetic stack can be used to have on the
same wafer these three functionalities.

For the memory function, the critical spin transfer torque (STT) switching phase diagrams
(Voltage vs. Field) were measured for a MT] layer stack having a 1.4nm thick FeCoB free
layer, for different dot diameters. The STT switching phase diagrams are well defined. The
evaluation of the phase diagrams gave a minimum stability of 40kgT with a write voltage

distribution of 0.2V around 0.8V. A second functionality of the MSS layer stack is to act as
magnetic field sensor. The sensing approach is based on orthogonal reference and sensing
magnetic layers. In this operation mode, the device provides an analog sensor signal, by
monitoring the resistance variation under applied field. In a multifunctional cell having
perpendicular anisotropy this has been realized by applying an in-plane bias field thanks to
integrated magnets. We observed two different sensing scenarios depending on the in-
plane bias amplitude. In one, the sensibility is essentially due to the storage layer while in
the other, it is due to some part of the reference layer. The magnetoresistance sensibility
can reach 4%/mT. Finally, we describe the possibility to use pMT]J-based spin transfer torque
nano-oscillators (STNOs) for basic RF functions such as signal generation, injection locking,
frequency modulation and signal detection. We have shown STT-induced microwave signal
generation in pMT] with the free-running frequencies ranging from 2 to 6 GHz depending on
the external magnetic field and the value of dc current passing through the STNO. The
minimum linewidth of ~20 MHz and the integrated power up to ~20 nW are observed at
moderate I4. values corresponding to half of the estimated breakdown voltage of the MT].

We also confirm current-induced frequency modulation for several amplitudes and
frequencies of the modulating current, allowing the data transfer via so-called frequency
shift keying technique. Spin-torque ferromagnetic resonance (ST-FMR) measurements were
conducted to explore the possibility of rf-to-dc conversion in pMTJ-based STNOs. The
rectified signal in the mV range was observed for both passive (no dc current) and active
(with dc current) regimes indicating microwave signal rectification of both thermal and
steady-state precession modes.

The authors acknowledge the funding support from the GREAT project (EU Horizon 2020
research and innovation program under grant agreement No. 687973)
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043 - Flexible interconnections for magnetoresistive-based
multipoint tactile sensors

5. Magnetorecording media, magnetic memories and magnetic sensors
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The development of tactile sensors is a key technology to provide robots with the ability to
grasp and manipulate objects, critical for robots to become more useful in human-like
environments. The development tactile sensor has been prolific but the works that are able
to include all the development steps, from the manufacturing to the integration are few.

We are proposing a magnetic tactile sensor to provide multi-contact point and contact area
information, vital for correct object grasping and manipulation. To provide this we have
developed a manufacturing process as well as integrated into a part of the robotic finger.

Jamone et al. [1] propose to attach a 3D hall effect sensor on the robot finger and a
permanent magnet (PM) in an elastomeric part. The design principle is based on the Hall
Sensor signal detected due to the magnetic field variation generated by the PM
displacement. This approach has been found to be unreliable in contact point determination
as well as unable to detect the contact area [2]. To overcome this limitation, we propose a
solution where a cylindrical Nd PM (1x1 mm) (Figl.a)(1)) is fixed on the robot finger
(Figl.a)(3)) while a flexible sensor matrix (FSM) (Figl.a)(4)) is positioned at the surface of

the elastomer (Figl.a)(3)). The FSM is composed by Si chips (1.5x0.8 mmZ2) containing six

microfabricated magnetoresistive spin valve sensors [3] (1.5x40 um?2) connected in series
(Figlc)). The sensors show R = 1.6 kOhm, the linear range of + - 4 mT), and the 300nm

thick AISiCu pads (dimensions 0.4x0.8mm?Z) were bonded onto to the 9um thick copper
lines of a polyimide (25um) flexible printed circuit board (FPC) using a conductive epoxy.
Due to geometrical constraints the finger surface fits 8 chips with sensors on the surface
left side (L1, L2, L3, and L4) and the right side (R1, R2, R3 and R4) see Figl.b).

An experimental setup was prepared in which the magnetic tactile sensor was fixed to a
3 degree-of-freedom Cartesian motorized stage (Thorlabs DDS220) and 6-degree force
sensor (ATl nano 17) was fixed to an aluminum rod. The stage is used to align and press
the sensors against each other retrieving the action-reaction pair of the system see Figl.c).

Figl.d) shows the resistance variation of each sensor submitted to each displacement as
well as the force in the Z direction measured by the ATl nano 17. The sensors on the left
show a negative resistance change while the right side provides a positive resistance
change. Since all the sensors have the same magnetotransport relationship the field is
increasing for the right side while the left side is decreasing, which is to be expected given
the central position of the contact and the placement of PM. To improve understanding of
the system COMSOL simulations have also been performed.

[1] L. Jamone,et al.,IEEE Sensors Journal, Vol. 15, No. 8, pp. 4226-4233. DOI:
10.1109/JSEN.2015.2417759

[2] T. Paulino,et al, ICRA Conference, 2017. DOI: 10.1109/ICRA.2017.7989118

[3] V. Gehanno,et al, IEEE Trans.Magn. (35), 5, 4361-4367, 1999. DOI: 10.1109/20.799086
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044 - Magnetic Property of Co-Tb alloy based Bit Patterned Media

5. Magnetorecording media, magnetic memories and magnetic sensors
Sandeep Srivastaval , Rafikul Hussain’
1 Central Institute of Technology Kokrajhar Deemed to be University India

Recently, bit patterned media (BPM) has been demonstrated as novel recording
media used to increase the storage density of hard disk drive (HDD). In such bit patterned
media, each artificially fabricated magnetic nanostructure is capable of storing an
individual bit rather than using hundreds of naturally formed small grains to store single bit
as in conventional media. We developed a novel non-lithographic method to fabricate
perpendicularly magnetized BPM system [Appl. Phys. Lett. 101, 013110 (2012)] and we
studied Co/Pt bit pattern media [Physical Review B 89 (2014) 174421].

In present work, we fabricated and studied Co-Tb alloys based ferromagnetic nano-
dots, so-called nano-bumps. These nano-bumps were fabricated by depositing Co;_,Thy

(x=0.10, 0.12, 0.13 and 0.15) alloys onto the barrier layer of hexagonally close-packed auto
assembled anodic alumina template with 100 nm periods using DC magnetron sputtering.
We used vibrating sample magnetometer (VSM) to characterize the magnetic property of
these nano-bumps. From room temperature M-H loops, an increase of coercivity with
squareness of the films was observed with increase of Tb content. A change of magnetic
isotropy to magnetic anisotropy behavior with the increase of Tb composition was observed
i.e. Cog g5Tbg.15 and Cog ggThg 1> was found to exhibit perpendicular magnetic anisotropy.

The measurement of temperature variation of magnetization indicates that these films
exhibit ferrimagnetisms with Curie temperature (T¢) are 542°C for x=0.15 and 545°C for

x=0.12 respectively. These materials can be promising candidates for magnetic recording
media.
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Magnetoresistive (MR) sensors are a high-performance magnetic sensing technology widely
spread over non-recording applications driven by its sensitivity, detectivity, dimension, cost
and power consumption. Indeed, the recent developments on xMR technologies provide a
competitive and reliable solution for biomedical tools, flexible electronics, non-destructive
evaluation, navigation and positioning systems being expandable to portable devices or the
internet of things.

Encoded positioning systems for linear or rotary motion rely mainly on optical based
encoders due to a high resolution and accuracy. However, their performance is drastically
affected in harsh industrial environments demanding sealed packages to avoid
contaminations whereas the device cost and size are compromised. Meanwhile, magnetic
based encoders emerged as a cheaper alternative with a high operating temperature range
and immune to dust, fluids and humidity. Currently, MR sensors based on AMR and GMR
effects are a maturated technology in series production for position, angular or speed
measurements encoded by linear measuring scales and pole rings (active scales) or
ferromagnetic gear tooth structures (passive scale) limited to a pole pitch size of 0.5 mm
and a reading distance up to 1x the pole pitch size. However, the implementation of
optimized xMR sensing devices combined with the downsize of the pole pitch can push the
magnetic positioning technology towards more critical applications reaching the
performance of low-level optical encoders.

The optimization of such devices relies on the tuning of the xMR technology, its dimension
and measuring scheme. Wheatstone bridge architectures are a common resistive
measuring scheme highly compatible with standard signal processing chains. When
powered in a voltage mode, each bridge arm is under a constant current and the bridge
output is given by V...H.S5/Ry, wherein V. is the bias voltage, Ry the bridge resistance in

the absence of a magnetic field H and S is the sensitivity of a resistive sensing group.

An approach to achieve a high-performance sensing device is proposed by dimensioning it
according to its sensitivity-resistance ratio while a high breakdown voltage must be
ensured by a series of sensing elements to handle a higher V... Among different xMR
technologies (i) spinvalve (SV), (ii) SV with nano-oxide-layer, (iii) AlIOx based magnetic
tunnel junction (MT]) and (iv) MgO based MT] combined with a soft pinned sensing layer, it
was observed that the sensor technology and the dimension (length and height) can
drastically influence the output [Figure 1 (a)] while the mean magnetic field over the sensor
area is directly compromised by the ratio between the sensor length and the pole pitch size
[Figure 1 (b)]. Consequently, upon an optimized sensing geometry combined with the xMR
technology that revealed the highest sensitivity-resistance ratio (MgO based MT] with soft
pinned sensing layer), different prototypes were designed according to common
specifications of commercial sin/cos interpolators targeting pole pitch sizes below 500 um
down to less than 100 um. With enhanced performance, each device was successfully
tested as a sensing technology for magnetic based encoders highlighting an improved
reading distance above 2x the pole pitch size.
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046 - SAF-based perpendicular magnetized GMR spin-valves on
flexible substrates
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Flexible electronics has received a great deal of attention over the past decades owing to
its outstanding potential in many technological fields including energy, optics, sensors and
information storage, among others [1,2]. The ability to bend and adjust the shape of a
device and owing both lower weight and costs make flexible devices more advantageous
than their conventional counterparts on rigid substrates. Aiming to widen the domain of
flexible electronics, a significant effort has been recently pursuit to develop spin-related
electronic devices on flexible substrates [2]. In this work, we investigated the possibility to
obtain high-quality GMR heterostructures with perpendicular magnetic anisotropy on large-
area flexible substrates by exploiting a versatile transfer-and-bond approach where the
heterostructure is first deposited on a rigid substrate covered with a weakly-adhering layer,
and then transferred on an adhesive and flexible substrate by a simple mechanical peel-off
step. For this purpose, a 10-nm Au layer was first deposited by DC-sputtering onto a
thermally oxidized Si substrate in order to exploit the low adhesion coefficient of Au on
such a substrate. On top of the Au layer, [Co/Pd]4/Ru/[Co/Pd]4/Cu(x nm)/[Co/Pd]; GMR

stacks (x = 2, 3 and 5 nm) with a fully compensated [Co/Pd]4/Ru/[Co/Pd], synthetic

antiferromagnetic reference layer were deposited at room temperature. The magnetic and
magneto-resistive properties were investigated as a function of the Cu spacer thickness
(tcy). The same GMR stacks were also directly deposited on thermally oxidized Si substrates

as reference. All the samples present a clear perpendicular anisotropy as confirmed by the
behavior of out-of-plane and in-plane magnetization loops. The Au-free reference samples
show the expected field-dependent magnetization response, the GMR ratio (DR/R,,,)

increasing from 2.5 % (tc, = 5 nm) to 4.5 % (tc, = 2, 3 nm) in line with the results reported

in the literature for similar systems. When the stack is deposited on Au, the overall
magnetic properties are maintained down to a Cu spacer of 3 nm and a GMR ratio of about
1.7 % is achieved. The slight worsening of the magnetic and magneto-resistive properties
can be attributed to a larger Au surface roughness, which leads to an increase intermixing
at the interfaces or to other coupling contributions, such as orange peel coupling.
Centimeter-scaled spin valve stacks were successfully transferred on an adhesive 3M
polyester tape without affecting their magnetic and magneto-resistive properties (figure 1),
thus confirming that the proposed Au-mediated transfer-and-bond approach can be pursuit
to obtain complex spintronic heterostructures on flexible substrates.

[1] Flexible Electronics. W.S. Wong and A. Salleo, Eds., Springer (2009)
[2] D. Makarov et al., Appl. Phys. Rev. 3 (2016) 011101
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The next generation recording technology to increase the areal storage density of hard disk
drives beyond 1.5 Tbh/in"2 is heat-assisted magnetic recording (HAMR). HAMR uses a heat
pulse to locally enhance the temperature of the high anisotropy recording medium beyond
the Curie temperature. Due to the heating, the coercivity of the grain drops and it can be
written with the available head fields. After the grain is written, the medium is cooled and
the information is safely stored. A good indicator for the quality of the written bits is the so-
called signal-to-noise ratio (SNR) which gives the power of the signal over the power of the
noise. To achieve high areal storage densities, recording materials that yield high SNR
values even at small grain sizes are needed. However, a priori it is not clear which write
head parameters and which material parameters have the strongest influence on the SNR.
Thus, it is of great interest to understand the role of each parameter. In this work, HAMR
simulations with the atomistic simulation program VAMPIRE [1] are performed for
cylindrical recording grains with a diameter d=5nm and a height h=8nm. The material
parameters of FePt like hard magnetic recording media according to the Advanced Storage
Technology Consortium (ASTC) [2] are used. In each simulation, one recording parameter is
varied and the SNR is determined with the help of an SNR reader provided by SEAGATE.
The simulations show that the write head parameters improve the SNR only if the bitlength
is changed due to a higher head velocity or a longer field duration. However, the
simulations also show that most of the parameters have a minor relevance compared to the
influence of the damping. Thus, further simulations with varying damping constants for two
different grain diameters d1=5nm and d2=7nm are performed. The damping constant was
varied between a=0.01 and a=0.5. The results (see Figure 1) show that for d1=5nm
damping constants larger or equal than 0.1 lead to the best SNR values. For d2=7nm
a=0.05 already leads to good results. Enhancing the damping constant beyond 0.3 does
not show any further improvement, the SNR saturates.

[1] R. F. L. Evans, W. ]. Fan, P. Chureemart, T. A. Ostler, M. O. A. Ellis, and R. W. Chantrell,
Journal of Physics: Condensed Matter., Vol. 26.10, p. 103202 (2014)

[2] http://idema.org/?cat=10
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As CMOS reaches the limits of its scaling potential, there is a need to develop new
technologies that will allow continued growth in the power and functionality of computer
hardware. While the maturity of CMOS makes it unlikely that, in the short term, a single
technology will out-perform it in all areas, new approaches are likely to offer distinct
advantages for specific applications. For example, the non-volatility of nanomagnetic
systems will offer substantial advantages in terms of power consumption if they can be
harnessed to perform logical operations.

Most proposals for nanomagnetic logic devices have focused on using simple, uniformly
magnetised states, of either individual nano-islands [1,2] or domains in nanowires [3], to
represent data. However, nanomagnetic features with more complex spin configurations,
such as geometrically confined domain walls (DWs), also contain internals degrees in
freedom that can also be used to directly encode information. Here, we present progress
towards creating a fully-functioning logic architecture where data is encoded using the
internal chirality of vortex DWs in NiggFe,q nanowires [4,5].

Initially, we will present micromagnetic simulations demonstrating how carefully designed
nanowire segments can perform a full range of logic operations, including NOT, NAND, AND,
NOR and OR on the chirality of vortex DWs (Figure 1(a)). We will then present Magnetic soft
X-ray Transmission Microscopy (MTXM) measurements that demonstrate how the chiralities
of DWSs can be rectified by sharp nanowire corners, and thus the basic feasibility of using
geometrical features to reliably manipulate DW chirality (Figure 1(b)). Finally, we will
present further MTXM measurements that demonstrate the critical functions of each of the
logic gates designs described above. Together our results experimentally indicate the
feasibility of a fully functioning chirality-based DW logic architecture.

[11 A. Imre et. al. Science 311,205-208 (2006).

[2] B. Aehin-Aein et. al., Nature Nanotech. 5, 266 (2010).
[3] D.A. Allwood et. al. Science 309, 1688 (2005).

[4] K.A. Omari et. al. Phys. Rev. Appl. 2, 04401 (2014)
[5] K.A. Omari et. al. Adv. Funct. Mater. 1807282 (2019)

Figure 1: (a) Micromagnetic simulation showing the operation of a chirality-encoded NOT

gate. (b) MTXM images showing the equivalent operation performed in a fabricated
nanowire device.
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050 - A ferromagnetic insulator with low magnetic damping:
magnetism and structure of NiZnAl - ferrite
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Linz, Austria

In spintronics one aims to obtain pure spin currents as an additional degree of freedom in

logic circuits aside from electric charges. By means of spin pumping it is feasible to induce
a spin current from ferromagnetic materials into adjacent non-magnetic layers. To ensure

pure spin currents and exclude charge currents, ferromagnetic insulators are the material

of choice. However, ferromagnetic insulators with low intrinsic damping are sparse. The

most commonly used material for magnetoelectric devices is yttrium iron garnet (YIG)L. YIG
has two major drawbacks, namely the complex garnet structure, which is almost
exclusively grown on Gadolinium Gallium Garnet (GGG) substrates and its weak
magnetoelastic response. It could be replaced by cubic NiZnAl - ferrite thin films grown on

MgAl,O4, which were reported to have similar magnetic propertiesz: ferromagnetic at room

temperature, low intrinsic damping, and additionally a strong magnetoelastic coupling.
Since the NiZnAl-ferrite has also insulating properties it can be used as source for pure spin
currents in devices. In this contribution we use reactive magnetron sputtering as a
preparation method to optimise the magnetic properties by the variation of growth
parameters like argon:oxygen ratio, temperature and annealing time. All samples are
analysed with X-ray diffractometry for their crystallographic properties. To evidence the
desired low magnetic damping room temperature multifrequency ferromagnetic resonance

(FMR) with a short-circuited set-up is performed3. From the frequency dependence of the
resonance line-width the homogeneous and inhomogeneous contributions to the damping
of the system can be extracted. The results so far show a strong correlation between the
c/a ratio and the damping in NiZnAl-ferrites. Additionally, transmission electron microscopy
is performed to investigate the interface on an atomic scale and the chemical composition
by means of EDX. The latter is especially important, since the doping percentage of Al

reportedly has a significant influence on the magnetic anisotropy?. Furthermore, the
angular and frequency dependence of the resonance position is measured to quantify the
strain-induced magnetic anisotropy contributions. In a last step XMCD and XMCD (H) at the
L3, edge of Ni and Fe are performed to complement the integral SQUID magnetometry
measurements and evidence their magnetic contributions to the hysteresis separately. The
different oxidation states as well as occupied lattice sites of Ni and Fe are of special interest
since a strong influence on the intrinsic damping was reported?.

References:

1. M.N. Akhtar et al., J. Magn. Magn. Mater. (2016), 401, 425-431
2. S. Emori et. al., Adv. Mater. (2017),29, 1701130

3. F. Rédmer et. al., Appl. Phys. Lett. (2012), 100, 092402

4. M. Li et al., J. Phys. D: Appl. Phys. (2013), 46, 275001
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The coupling between ferromagnetic thin films (FM) and topological insulators (Tl) is

attracting huge interest in the context of spintronics.l'2 Indeed, the presence of Dirac-like
dispersed surface states in the TI, jointly with the presence of a large spin-orbit coupling, is
expected to favour a super-efficient magnetization manipulation of the FM through a large

spin orbit torque (SOT).3 In this work, we present the first attempt of employing a pure
atomic layer deposition (ALD) process to grow Co thin films in direct contact with the

Sb,Tes Tl, grown by Metal Organic Chemical Vapor Deposition (MOCVD).4> ALD allows a
large-scale deposition process with highly-controllable, self-limited and conformal growth,

although so far scarcely employed for.[6-91 Being the role of the interface between Co and Tl
fundamentally important in driving the SOT functionalities, the advantages of ALD are
exceptionally appealing.

The ALD growth of few-to-tens nm of Co is successfully conducted on top of MOCVD-grown
granular Sb,Tes films (whose surface roughness is 2-5 nm) and on top of Pt layers produced

by magnetron sputtering.1? Pt is conventionally used as SOT materialll, thus providing an
excellent benchmark material to evaluate the Sb,Te3 properties. The thorough chemical-

structural characterization of the Co/Sb,Tes and Co/Pt heterostructures is performed by X-

Ray Diffraction and Reflectivity (XRD/XRR) and Scanning Electron Microscopy (SEM). The
results demonstrate the formation of uniform and high structural-quality Co thin films,
characterized by a stable and sharp interface with the Sb,Te3 substrate (Figure I).

Interestingly, XRD showed different Co phases depending on the underlying material: Co
layers show an hexagonal crystalline structure on Sb,Tes, while they grow in the cubic

phase on Pt. Broadband Ferromagnetic Resonance (BFMR) experiments are used to
measure the damping (a) and the magnetic anisotropy constants (K; and K5) of the Co/Pt

and the Co/Sb,Tes heterostructures (Fig.1(b)), highlighting the differences between the two

systems in terms of magnetic properties. Complementary information is obtained by
Magnetic Force Microscopy, Vibrating Sample Magnetometry and Brillouin Light Scattering
spectroscopy will also be presented. Noteworthy, on the basis of this study, the combined
use of ALD and MOCVD could open interesting possibilities to scale up the manufacture of
large-scale devices based on the FM/TI heterostructures.

[1] Soumyanarayan et al., Nature, (2016) 539,509

[2] Hellman et al., Rev. Mod. Phys., (2017) 89,025006

[3] R. Mellnik et al., Nature, (2014) 511, 449-451

[4] Cecchini et al, Phys. Status Solidi RRL (2018) 1800155

[5] Longo et al., J. Magn. Magn. Mater.,(2019) 474, 632-636

[6] Mantovan et al., Acta Phys. Pol. A, (2007) 112, 1271

[7]1 Mantovan et al., Thin Solid Films, (2012) 520, 4820-4822

[8] R. Mantovan et al., J. Phys. D: Appl. Phys., (2014), 47, 102002-102005
[9] M-B Martin et al., ACS Nano, (2014), 8 (8), pp 7890-7895

[10] Kerrigan et al., Chem. Mater. (2017), 29, 7458—-7466
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052 - Anisotropic magnetoresistance of topological-insulator
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The influence of external perturbations on the surface-state (SS) transport properties of
topological insulators (TI) is presently the subject of intense investigation. We report on a
theoretical analysis of the influence of an in-plane magnetic field on SS properties. For 2D
electron systems confined to semiconductor quantum wells, in-plane magnetic fields yield
transport anisotropy that can be traced to an enhancement in quasiparticle mass for
motion in the in-plane direction perpendicular to the field. To verify the existence of a
similar anisotropy in the TI SS system, we consider a long-wavelength four-band model of
SSs that is relevant for several Tls with the Bi2Se3 crystal structure. An in-plane field
influences the orbital motion, but leaves the SS momenta as good quantum numbers.
Assuming a plane-wave solution, we solve the resulting energy eigenvalue equation leading
to chiral linearly dispersed as well as non-chiral parabolic modes. We find that the magnetic
field introduces an in-plane anisotropy in the energy dispersion of Dirac's states which
affects the conductivity. We compare the size of the anisotropic orbital magnetoresistance
with the anisotropy originating from Zeeman coupling. The results of this approximate
continuum model are compared with the predictions of a realistic tight-binding model for
Bi2Se3 thin films.
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France

3 Department of Physics and NUSNNI-Nanocore, National University of Singapore, 117411
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The discovery of the two-dimensional electron gas (2DEG) at the LaAlO3/SrTiO3 (LAO/STO)

interface has not only enhanced the potentials in oxide electronics, but has also brought
new opportunity to study the novel physics of the 2DEG with unmapped parameters.
Several exciting phenomena including coexistence of ferromagnetic and superconductivity,
Rashba spin-orbit coupling have been explored both experimentally and theoretically for
the past decade. The quantum oscillations for this interface have been studied several
times, however, the analysis of these oscillations delivered distinctive interpretation with
respect to different experimental conditions [1]. We have investigated the magneto-
transport of a gate tunable high mobility 2DEG at the LAO/STO interface in high pulsed field
(55 T) and at low temperature (1.6 K) [2]. The longitudinal resistivity exhibits large
amplitude Shubnikov-de Haas (SdH) oscillations despite of a linear Hall effect.

Interestingly, the SDH oscillations are non 1/B-periodic in full field range and produce a
non-linear Landau plot (Landau level index versus 1/B). Among several possible scenarios,
the Roth-Gao-Niu model [3] provides new insights on these aperiodic oscillations and brings
evidence for non-trivial dispersion relations at the Fermi energy. The prolonged issue
regarding the large mismatch in the carrier density extracted from SDH oscillations and
Hall effect for complex oxide interfaces will be discussed in light of high-resolution scanning
transmission electron microscopy analysis as well as calculations from density functional
theory.

References

[1] A. D. Caviglia et al., Phys. Rev. Lett. 105, 236802 (2010); B. Shalom et a/., Phys. Rev.
Lett. 105, 206401 (2010); A. McCollam et al. APL Mater. 2, 022102 (2014); M. Yang et al.,
Appl. Phys. Lett. 109, 122106 (2016).

[2] K. Rubi et a/., arXiv:1903.03038 .

[3] L. M. Roth, Phys. Rev. 145, 434 (1966); Y. Gao and Q. Niu, PNAS 114, 7295 (2017); J. N.
Fuchs et al., SciPost Phys. 4, 24 (2018).
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Fe304 is a frequently studied magnetic oxide growing in the inverse spinel structure, whose
ferrimagnetism stems from the interplay of its three cation species due to super exchange
and double exchange depending on site and oxidation state: Octahedrally coordinated Fe2*

and Fe3* jons, and tetrahedrally coordinated Fe3* ions. The coupling among octahedral
sites is ferromagnetic, while tetrahedral and octahedral sites couple antiferromagnetically.
One of the most successful ways to discriminate between the magnetic contributions of
these cations are X-Ray Magnetic Circular Dichroism (XMCD) experiments at the Fe L; 3

edge, making use of a slight difference of their L edge energies and the easily resolvable
antiferromagnetic coupling between the tetrahedral and the octahedral sites.

For ultrathin Fe304 films, there have been different reports on an increasing magnetic
saturation moment per atom for decreasing film thicknesses, exceeding the 4 ug /f.u.

known from the bulk [1,2]. One possible explanation for this behaviour could be an
enhanced magnetisation of the near-surface region, having an higher impact with
decreasing film thickness [1]. We are testing this hypothesis by employing X-Ray Magnetic
Reflectometry (XRMR), a technique combining the depth resolution of X-Ray Reflectrometry
and the element- and magnetism-sensitivity of XMCD. By this, we are able to obtain the
magnetisation profile of the three cations separately. In figure a), the asymmetry ratios
obtained from XRMR measurements are shown for all three cation species together with
reflectometry fits which use the magnetic profiles shown in figure b) [3].

It is revealed that in fact both Fe3*-cations show an enhanced magnetisation layer of about

6 A close to the surface, while the Fe2* cations provide an homogeneous magnetisation
profile. We discuss this finding in context with the enhanced magnetisation of thin Fe304

films.

[1] Arora et al., IEEE Transactions on Magnetics, Vol. 44, No.11, p.2628 (2008)

[2] Phase et al, Journal of Magnetisum and Magnetic Materials 482, p.296 (2019)

[3] Software RemagX: S. Macke and E. Goering, Magnetic reflectometry of heterostructures,
Journal of Physics: Condensed Matter Vol. 26 (no.36), 363201 (2014)
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The Dzyaloshinskii-Moriya interaction (DMI) has been found to strongly influence the
domain wall type in perpendicularly magnetized thin films. Achiral Bloch walls acquire a
magnetization component transverse to the wall plane or are even entirely replaced by
chiral Néel walls, depending on the DMI strength. By resolving the three magnetization
components within a wall profile by spin-polarized scanning electron microscopy, the sign
and strength of the DMI can be directly determined. We investigate perpendicularly
magnetized epitaxial Ni/Cu(001) and compare with earlier results on the Ni/Fe/Cu(001)
system, in which an appreciable DMI has been found [1]. Since the perpendicular
magnetization is maintained beyond the ultrathin film limit, we can follow the evolution of
the wall type up to thicknesses of 10 nm. At these thicknesses, the interfacial DMI is
expected to be negligible and epitaxial strain is largely relaxed. We compare structural and
magnetic characterization of Ni films grown on Cu(001) and on Cu(001)/Si(001) and discuss
domain walls and their chirality in these systems.

[1] G. Chen et al., Phys. Rev. Lett. 110, 177204 (2013).
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Voltage-induced magnetization switching can lead to a new paradigm enabling ultralow-
power and high density instant-on nonvolatile magnetoelectric random access memory
(MeRAM) devices. Two major challenges for future MeRAM devices are to achieve large

perpendicular magnetic anisotropy (PMA) (> 2 mJ/m?2) and high voltage-controlled magnetic
anisotropy (VCMA) efficiency (> 1,000 fJ/(Vm) ) to scale both with the size and write energy.
Thus, there is an urgent need to search for novel heavy metal and architectures to enhance
both the PMA by a factor of two-three and the VCMA efficiency by one to two orders of
magnitude. Ab initio electronic structure calculations reveal that ultrathin 5d heavy metal
films in MgO/X/FeCo/MgO heterostructures (X = Ir and Pt) can induce both large PMA and
colossal VCMA efficiency which is two orders of magnitude (17,000 fJ/(Vm)) than those
reported today. The underlying mechanism is the synergistic effects of (1) the emergence
of X local moments under biaxial tensile strain, (2) the large X spin orbit coupling (SOC),
and (3) the giant modulation of the PMA at the X/MgO interface. These results provide
useful guiding rules in the design of the next-generation of ultralow energy MeRAM memory
devices.

The work is supported by NSF ERC-Translational Ap-plications of Nanoscale Multiferroic
Systems (TANMS)-Grant No. 1160504, and by NSF-Partnership in Research and Education in
Materials (PREM) Grant Nos. DMR- 1205734 and DMR-1828019.
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Skyrmions are the subject of intense current interest with those supported in magnetic
multilayer systems most likely to realise potential for memory and logic applications. We
report on a new method of nucleating Neel type skyrmions at nanoscale defect sites,
created in a controlled manner with focused ion beam (FIB) irradiation, in polycrystalline
magnetic multilayer samples with interfacial exchange. Using the FIB method we are able
to nucleate compact individual skyrmions local to the point-like artificial defect sites and,
for specific ion doses, these remain stable both at room temperature and in zero applied
magnetic field. The size of the skyrmion nucleated by this method matches that supported
by the unmodified material system where the skyrmions appear at random positions during
reversal. The skymrion size in the systems studied range between 100 and 200 nm. The
physical, compositional and magntic structure of the defects and skyrmions are
characterised using a range of transmission electron microscopy (TEM) techniques. This
provides a correlation of the effect on dose on the nature of the defect and its influence on
the behaviour of the skyrmions. Results are presented from two different film systems with
doses varying over 3 orders of magnitude which will show the best conditions for the
controlled skyrmion nucleation and their region of stability.
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A challenge in tunable magnetic microwave devices lies in achieving an energy efficient
way to tune the ferromagnetic resonance in a reversible and reproducible way. Using
artificially generated magnetic domains and domain wall configurations, the
magnetodynamic response of magnetic films is altered. By switching between two
dissimilar remanent states of magnetization, we achieve deterministic swapping of effective
dynamic magnetic properties. The symmetry breaking of the domain state is attained by
patterning an amorphous FeCoSiB thin film with a spatially widely distributed low-density
array of diamond-shaped antidots, leading to a deterministically changeable magnetic
domain wall network. Aligning the uniaxial anisotropy relative to the edges of diamond-
shaped antidots leads to bi-stable domain configurations. In particular, we switch the
domain configuration from overlapping to non-overlapping Néel spikes and create varying
local effective field at zero external magnetic field.

Quasi-static and dynamic magneto-optical Kerr imaging with picosecond time resolution
proof that the different periodic remanent magnetic domain configurations are responsible
for the dynamic magnetic bi-stability. Specifically, the effective ferromagnetic resonance
frequency can be altered repeatable between 1.3 GHz and 2.3 GHz for the same material
system (see Fig.). Time-resolved magneto-optical domain imaging at the FMR frequencies
[1,2] show that local configurational ferromagnetic resonances lead to the intended
magnetodynamic behavior. Due to the spatially distributed local effective fields of the
domain configurations, different inductive permeability spectra are obtained at zero field.

The configurational patterning utilized switching of high-frequency magnetodynamic
properties without the necessity of a constantly applied magnetic field. No change in the
materials structure and anisotropy is needed for the non-volatile altering dynamic
characteristics of the film. The described fundamental mechanism could help building new
reconfigurable microwave devices, utilizing switching between zero-field domain
arrangements.

We thank the DFG for support through grant MC9/10-2.

[1] ). McCord, Progress in magnetic domain observation by advanced magneto-optical
microscopy (Topical Review), Journal of Physics D: Applied Physics 48, 333001 (2015)

[2] R.B. Hollander, C. Mdller, M. Lohmann, B. Mozooni, J. McCord, Component selection in

time-resolved magneto-optical wide-field imaging for the investigation of magnetic
microstructures, Journal of Magnetism and Magnetic Materials 432, 283-290 (2017)
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060 - Effect of magnetic field sweeping rate on transitions in
CoFeB/M/CoFeB and Pt/Co/M/Co/Pt spin valves

6. Magnetic thin films, multilayers, surface and interfaces
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Thibaud Fache?, Yuan Lu?, Stéphane Mangin?
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3 Department of Emerging Materials Science, DGIST, Daegu, 42988, Republic of Korea

4 Institut Jean Lamour, UMR 7198 CNRS, Université de Lorraine, 54601, France

Engineering of new spintronic devices used in magnetic memory and data storage devices
requires synthetic antiferromagnets with perpendicular anisotropy. The domain wall (DW)
dynamics in multilayered antiferromagnetic systems with perpendicular magnetic
anisotropy is very unusual due to interlayer DW interactions [1]. The synthetic
ferrimagnets, namely MgO/CoFeB/Ta/CoFeB/Mg0O/GaAs and Pt/Co/Ir/Co/Pt/Ta/SiO5, have

been investigated. We have demonstrated in previous studies [2, 3] the presence of four
stable magnetic states P+, P-, AP+ and AP-. Magnetic relaxation affects the magnetization
switching dynamics. The timescales of these relaxations varies from a few seconds to
several hours. The evolution of the switching field between four stable states as a function
of the magnetic field sweep rate (MFSR) has been studied. If the loop recording time is
comparable to the magnetic relaxation time, then the MFSR greatly affects the shape of the
hysteresis loop and the switching field between the parallel and antiparallel states of
synthetic antiferromagnets. Three independent techniques (SQUID magnetometry, MOKE
microscopy and microwave ESR spectrometry) were used to provide a wide range of the

magnetic field sweep rate 0.1 - 104 Oe/s.

This work is aimed at the experimental analysis of the effect of magnetic field sweeping
rate on switching field between stable states of the synthetic ferrimagnet with
perpendicular anisotropy as well as the comparison of these data with the results obtained
in single ferromagnetic films.

The effect of the MFSR on the inversion of interstate transitions sequence will be discussed
in the work.

The competition of the mechanisms for the nucleation of the magnetization reversal phase
and propagation of the domain walls leads to a nonlinear dependence of the switching
fields on the MFSR in MgO/CoFeB/Ta/CoFeB/MgO/GaAs synthetic ferrimagnets.

The sequence of the transitions between stable states can be changed by controlling the
sweeping rate of the magnetic field in a Pt/Co/Ir/Co/Pt heterostructure (Figure 1).
Simultaneous presence of the AP+ —» AP- and AP+ — P- transitions is due to the different
height of the activation barriers of transitions and the presence of interlayer DW
interactions.

[1]]. E. Davies, O. Hellwig, E. E. Fullerton, K. Liu. Phys. Rev. B 77, 014421 (2008).

[2] R. Morgunov, Y. Lu, M. Lavanant, T. Fache, X. Deveaux, S. Migot, O. Koplak, A.
Talantsev, S. Mangin. Physical Review B 96, 054421 (2017).

[3]1T. Fache, H. S. Tarazona, J. Liu, G. L'vova, M. J. Applegate, J. C. Rojas-Sanchez, S. Petit-
Watelot, C. V. Landauro, J. Quispe-Marcatoma, R. Morgunov, C. H. W. Barnes, S. Mangin.
Physical Review B 98, 064410 (2018).
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061 - Electron correlation and exchange interaction at the
nanoscale probed by APECS: size vs bias effects

6. Magnetic thin films, multilayers, surface and interfaces
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Italy

2 Dipartimento di Scienze, Universitd Roma Tre, I-00146 Rome, Italy
3 CNR-SPIN, Istituto superconduttori, materiali innovativi e dispositivi, I-16152 Genova, Italy
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Even though DMFT and DFT-LDA calculations allow to properly predict the itinerant-like
electronic properties of transition metals and their oxides, as well as ferromagnetic (FM)
and antiferromagnetic (AFM) magnetic moments, the interplay between band structure,
magnetism and many-body correlations is still intriguing and debated [1]. In particular, the
relevance of the on-site Coulomb interaction in the d orbitals (Hubbard Ug¢) as compared to

the non-local exchange interaction is far from being clarified in depth even at the
experimental level [2]. Furthermore, not an adequate consideration is devoted to the role
played by the size of the modeled systems and by the electron-electron interaction in the
early stages of magnetic thin films/nanostructures synthesis and to their coupling.
Core-valence-valence (CVV) Auger decays have the unique potential to probe intimately the
electron-electron interaction in the valence band but most of the time Auger spectra are
featureless, often leading to the conclusion that the behavior of some of the major
magnetic materials, like Fe, is band-like due to an Ug small as compared to the band-

width.

We thus resorted on Angle Resolved Auger-PhotoElectron Coincidence Spectroscopy (AR-
APECS), which is capable to unravel the otherwise blurred multiplet structure in Auger
spectra. It gives access with unprecedented accuracy to the spin coupling of the two
valence hole final state, hence yielding a direct measure of Coulomb and exchange
interactions for each individual multiplet component [3].

We report on a full experimental campaign carried out on FM (Fe and Ni), AFM (CoO and
NiO) materials and FM/AFM (Fe/Co0O) and FM/diamagnetic (Fe/Ag) interfaces that highlight
new aspects of the role of the electronic correlation in magnetic systems. The major results
are summarized in the following:

o Ugsr usually defined for the Auger decay as the on-site Coulomb repulsion, is found to

go beyond its established meaning to fully include the exchange interaction;
¢ in the case of Fe a full set of values of Ugs has been found concerning all the possible

combinations of orbitals in the two-hole final state (majority and minority spin, t,4 and
eg symmetry)
e unexpected large values of Ugs have been measured for FM systems and their values

strongly depends on the magnetic state;
¢ a giant size effect has been found on Ug¢ for FM systems;

e a systematic increase of Ug¢s values has been found at the FM/AFM interfaces, the

result leading to the conclusion that the orbital symmetry plays a relevant role in
setting up the bias effects;

¢ the dramatic change in the spin resolved Auger lineshape found in AFM transition
metal oxides, when crossing the Neel temperature, is not yet explained.

The elusive objective of measuring the pure Fe CVV Auger lineshape with unprecedented
discrimination of the different components has been achieved, thus definitively unmasking
the conviction that Auger spectra of Fe are simple self convolutions of DOSs.

References
[1] I.Yang, et al., Phys.Rev.Lett. 87, 216405 (2001).
[2] A.Gutierrez and M. F. Lopez, Phys.Rev.B 56, 1111 (1997).
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062 - Exchange coupling between ferromagnetic and ferrimagnetic
multilayers

6. Magnetic thin films, multilayers, surface and interfaces
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1 |nstitute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17, 60-
179 Poznan, Poland

Nowadays, a great interest of ferrimagnetic (FI) materials is related to their unique
properties, eg., easy manipulation of magnetization and anisotropy, tuning the Curie and
compensation temperature. In particular, this applies to Fl amorphous alloys or multilayers
(MLs) consisting of a Rare Earths-Transition Metal (RE-TM), which are characterized by
perpendicular magnetic anisotropy (PMA).

Here, we investigated the coupling between ferromagnetic (F) = (Au/Co); MLs and Fl =
(Tb/Co)g MLs at room temperature conditions. Each Tb sublayers was a form of a wedge,

which allows us to study magnetic properties of the system as a function of Tb sublayer
thickness (#,) or equivalent atomic concentration of Tb (cry,). This approach is very useful

for RE/TM systems because a slight change of crp(&) in the vicinity of the compensation
point/thickness (tcomp) have a strong impact on their magnetic properties,

In Fig. 1a, we present results of magnetic measurements for a (Au-1nm/Co-0.8nm)z/(Thb-
wedge-0-2nm/Co-0.66nm)g ML system. For Tb thickness &y, 3 0.26 nm (¢ 3 10.2 at.%) the

shape of the hysteresis loop indicates that both F and FI MLs exhibit a PMA. The
compensation point in our systems takes place at {omp = &p = 1.08 nm (¢, = 32.0 at.%).

For &rp < teomp (TM+ range) the magnetization reversal of F and FI MLs occurs
simultaneously and for &y, > tomp (RE+ range) we observed sequentially switching of F
layer followed by switching of FI layer. In the case when £, > 1.45 nm magnetization

reversal process starts from Fl layer after which the F layer is switched. This behavior is
related to the strong reduction of saturation magnetization (Ms) for high ¢g,. From minor

loop shift (Hys parameter) in RE+ range, we were able to determine the exchange coupling
strength (/) between F and FI structures (Fig. 1b). We found that if £, approach to f.omp the

Jincrease up to 140 merg/cmZ2. Due to that strong exchange interaction the switching field
of the ferromagnetic layer (HSF) reach high values and can be modified from -8 kOe up to

+8 kOe. This show that a proper choice of Tb sublayer thickness (concentration of Tb) open
a way to control the absolute value of the switching field and exchange coupling in the wide
range, which is very promising for applications in spintronic devices.

The work was financed by the National Science Centre Poland under SONATA BIS funding
UMO-2015/18/E/ST3/00557

1. Frackowiak t., et al. Scientific Reports 8, 16911 (2018).
2. Hansen P., et al. /. Appl. Phys. 66, 756 (1989).
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064 - First-principles approach to novel 2D ferromagnets

6. Magnetic thin films, multilayers, surface and interfaces
Danila Amoroso?! , Hrishit Banerjeel 2, Paolo Baronel, Silvia Picozzi

1 National Research Council CNR-SPIN, c/o Universita degli Studi "G. d'Annunzio", 1-66100
Chieti, Italy

2 The Abdus Salam International Center for Theoretical Physics (ICTP), Italy

There is currently an increasing enthusiasm towards long-range magnetic order in two-
dimensional materials (such as Crl3 and Cr,Ge;Teg), from the fundamental and from the

applicative point of view, from theory and from experiments. In this work, we carry out an
extensive investigation based on density functional theory on an extended class of such
materials, starting from the database of exfoliable materials reported in N. Mounet et a/.,
Nature Nano. 13, 26 (2018). In the aim of optimizing the properties of 2D-ferromagnets and
increasing the Curie temperature, our analysis focuses on tri- and di- halides (with formula
M-(VIl)3 and M-(VIl),, where M is a transition metal and VIl = Cl, Br, I). In addition to
structural and electronic properties, we analyse magnetic properties, in terms of magnetic
moments, Heisenberg exchange coupling constants and magnetic anisotropy energy. Some
of the considered materials show exchange coupling constants significantly larger than the
prototypical Crls, so they might be promising candidates for larger transition temperatures.
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065 - Flexible amorphous nanostructures with tunable magnetic
properties
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Flexible magnetic materials are used in e.g. flexible electronics, sensors, and strain-
mediated magnetoelectric devices combining magnetoelastic and piezoelectric materials in
composite structures [1]-[3]. Magnetic metallic glasses are in this respect very interesting
since they can be as elastic as polymers, with excellent soft magnetic properties and
metallic conduction. The fast cooling rates obtained using physical vapor deposition
techniques make it possible to produce amorphous thin metallic films in a wide range of
compositions. In addition, the anisotropy of the films can be tuned during deposition by e.q.
an applied magnetic field, depositing compositionally graded films, or by straining the
substrate during the deposition [4].

In this work, we investigate how to tune the magnetic properties of magnetic amorphous
thin films post-deposition by strain or by creating purely magnetic non-topographic
nanostructures. Due to the magnetoelastic coupling (the inverse magnetostriction effect),
strain induces magnetic anisotropy. The uniaxial anisotropy of flexible thin CoFeZr films,
subjected to tensile and compressive strain, have been investigated using magneto-optical
Kerr effect (MOKE) magnetometry. Magnetic non-topographic nanostructures have been
created by taking advantage of the physical properties of metallic glasses being extremely
sensitive to small changes in the local chemical composition. The local chemical
composition was modified by ion implantation through a Cr-mask. The mask was removed
after ion implantation leaving a flat film with embedded magnetic nanostructures for which
the magnetic anisotropy is tunable by the shape and symmetry of the implanted regions.
Choosing the matrix to be paramagnetic at room temperature and the implanted parts to
be ferromagnetic, properties similar to those of ordinary topographic nanostructures have
been observed in paramagnetic FeZr films with ferromagnetic FeZrB structures using MOKE
microscopy and magnetometry [5].

[1] M. Melzer et al., ‘Imperceptible magnetoelectronics’, Nat. Commun., 6, 6080 (2015).

[2] S. Amara et al., ‘High-Performance Flexible Magnetic Tunnel Junctions for Smart
Miniaturized Instruments’, Adv. Eng. Mater., 20, 1800471 (2018).

[3] A. A. Bukharaev, A. K. Zvezdin, A. P. Pyatakov, and Y. K. Fetisov, ‘Straintronics: a new
trend in micro- and nanoelectronics and material science’, Physics-Uspekhi, 61, 1175
(2018).

[4] X. Qiao et al., 'Enhanced stress-invariance of magnetization direction in magnetic thin
films’, Appl. Phys. Lett., 111, 132405 (2017).

[5] G. Muscas, R. Brucas, and P. E. Jénsson, ‘Bringing nanomagnetism to the mesoscale with
artificial amorphous structures’, Phys. Rev. B, 97, 174409 (2018).
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066 - Imaging and Manipulating Antiferromagnetic Domains in
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2 Unité Mixte de Physique - CNRS Thalés - Palaiseau - France

Antiferromagnetic materials are promising candidates for beyond Moore’s electronics. Due
to antiparallel alignment of their spins, their long range stray field is null, enabling a high
domain density for data storage and huge robustness against external magnetic
perturbations. Their intrinsic magnetic order and their abundance among oxides make
them perfectly compatible with most spintronic devices, including insulators, opening the
way to Joule effect free data manipulation. Nonetheless, the most promising asset concerns
their dynamics. Indeed, most antiferromagnets have their magnetic resonances in the
teraHertz range. They could both accelerate spintronics dynamics by several order of
magnitude, and provide emitters and detectors to fill the so-called “THz Gap” with its
possible countless applications.

This work investigates antiferromagnetic domain walls dynamics in an epitaxial layer of
bismuth ferrite - a prototypical magneto-electric antiferromagnet - using time-resolved
second harmonic generation (SHG). Our sub-micron spatial resolution within a pump-probe
frame enables probing sub-picosecond phenomena occurring after an intense optical
excitation of about one hundred femtoseconds. Due to ultrafast internal rectified electrical
polarization and magneto-electric coupling, one can expect to see direct occurrences of
ultrafast magnetic dynamics in the teraHertz range.

Preliminary results show that dynamical effects are present but not necessarily of pure
magnetic nature. More selective sources of excitation are then considered.
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068 - In-field 6M plots: simple yet efficient manner to assess
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In 1958, Wohlfarth identified a relation [1] between the principal remanence curves of
systems with symmetric major loops, which should be valid no matter whether the
magnetization, M, reversal occurs via domain nucleation followed by domain wall-motion or
coherent rotation when the magnetic field, H, is varied. Since then, the interaction studies
have mostly been based on this relation through remanence 6 M(H) plots. Recently, a
relation analogous to that of Wohlfarth but between in-field magnetization (and not
remanence) curves has been derived [2], leading to introduction of a novel, 6Mg(H) plot.

The latter is obtained from the major loop and one recoil curve only. This plot does not
demand demagnetization, which significantly simplifies the measurements.

In exchange bias, EB, systems, characterized by shifted and often asymmetric major
hysteresis loops, remanence 8 M plots cannot be used in their classical forms. Although this
technique has been adapted and extended to EB systems [3], it still requires attaining a
demagnetized state and measuring of a great number of minor loops.

Here we present assessment of magnetic interactions in EB systems using an in-field
magnetization plot [4] which is more general than that introduced for symmetric loops [2]
in 2018. All one needs to construct a general 6Mg plot is a recoil loop and the values of the

shifts (if such exist) along the axes of the respective major hysteresis loop. An asymmetric
EB major loop has one of its branches steeper than the other. This leads to (i) an essentially
nonzero 6 Mi data generated from the major loop (this plot revealed to be a very precise

quantitative measure of the asymmetry), and (ii) two distinct 8My plots obtained from recoil

loops having the same recoil field (e.g., the coercive field) but traced along different, the
descending and ascending, magnetic field paths; the cross-examination of these plots
might provide valuable information on the magnetization reversal mechanism.

In particular, we discuss results of application of the method on a Co/IrMn thin film sample.
It turns out that the 6 Mg technique is a tool able to reveal particularly valuable information.

It might, e.qg., allow distinguishing effects coming from magnetic coupling into the
ferromagnet from those stemming from interactions in its interface with the
antiferromagnet.

We also provide a free software (www.if.ufrgs.br/pes/lam/dMr.html) which generates 8 Mg

plots.
This work has been financed by CNPq (grants 305796/2016-0 and 422740/2018-7) and
CAPES.

E. P. Wohlfarth, J. Appl. Phys. 29 (1958) 595.

. J. Gesheyv, J. Magn. Magn. Mater. 135 (2018) 476.

. A. Harres et al., J. Appl. Phys. 114 (2013) 043902.

. J. Geshey, L. L. Bianchi, R. F. Lopes, ]. L. Salazar Cuaila, and A. Harres, unpublished.
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069 - Investigating RF magnetic properties and Interlayer exchange
coupling in magnetic films using FMR
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Two ferromagnetic (FM) layers separated by a non-magnetic spacer have attracted ample
interest as they act as a key component of modern technology. FM;/Insulator/FM,

structures provide unlimited opportunities for rf magnetic and various spintronics devices
due to their application in magnetic recording media, magnetic microactuators, and
magnetic tunnel junctions etc. Recently, exchange system consisting of soft FM coupled to
hard FM have been proposed to increase the rf properties of soft FM due to their similarity
to antiferromagnetic(AFM)/ferromagnetic(FM) system. However, in contrast to AFM/FM
which requires field cooling, hard/soft FM systems shows a room temperature exchange
coupling effect due to the interplay between exchange coupling at interface. These systems
are studies using FMR technique which is a powerful method for studying interlayer
exchange coupling (IEC) in sandwiched multilayers. FMR spectra are strongly influenced by
the IEC. A set of four films with Sig,,/FePt(50nm)/MgO(t)/ CoFeB(10nm) have been prepared
with thickness of the MgO, t= 0.5, 1.5, 5, and 10 nm. Here, the bottom FePt alloy films of
composition 46% and 54% respectively were prepared separately on Si substrate by co-
sputtering of pre-calibrated Fe and Pt targets using dc magnetron sputtering. Rest of the
structure MgO(t)/CoFeB has been grown on FePt layer using ion beam sputtering technique

at the base pressure of ~2°10"7 mbar. Structural and magnetic characterizations of the film
were done using XRR, X-ray fluorescence and MOKE. MOKE measurement showed that the
coercively of FePt layer is significantly higher than that of CoFeB layer, which acts as the
hard layer and is coupled to the CoFeB soft layer.

We systematically evaluated the rf magnetic properties and IEC on thin films sandwich
structure. FMR measurements were carried out at excitation frequencies from 4-10 GHz
using field modulation technique to maximize the signal to noise ratio for accurate

measurements!. Two resonance modes were achieved, is basically due to the difference in

saturation magnetization of two FM layers1-2. We evaluated Gilbert damping constant (a),
linewidths and the IEC constant (Ji,¢) from the FMR absorption signal. We found a varies

from 0.016 to 0.027 with increasing tygo is likely due to IEC. Our analysis shows a strong
absorption peak (designated as acoustic mode) around Hegyt = 400 Oe and weak absorption
peak (designated as optical mode) around Hgy: = 630 Oe, indicates AFC type of exchange
coupling in our samples and is confirmed from the exchange field calculation and values
obtained from the fits of FMR absorption signals3-6. AFC, J;,;, decreases with increase in
tmgo- Thus, our results suggest that we can use the IEC between the FM layers to tune

optical mode resonance that can provide an increase in operation frequency at reduced
Hext in microwave based devices. Our results also suggest that hard/soft FM layers can act
as a good candidate of rf device applications, which require soft magnetic films along with
high saturation magnetization. Further, IEC can act as an additional means to optimize the
magnetic relaxation and anisotropy properties in magnetic structures, which is important
for applications in rf microwave devices.
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Perpendicular magnetic anisotropy (PMA) of thin magnetic films can be enhanced by ion
irradiation in Pt/Co/Pt heterostructure[1,2]. Recently, Pt/Co system shows considerable
interest for the scientific community, in the context of the Dzyaloshinskii-Moriya (DMI)
interactions and chiral magnetic structures|3,4], including structural inversion symmetrical
Pt/Co/Pt layers[5] and defects presence[6]. So it seems that the precise control of the
interfacial defects could have a huge impact whenever enhanced PMA and sufficiently large
DMI is needed.

Symmetrical covers of Pt, induce in Pt/Co/Pt strong PMA, orienting out-of-plane
magnetization up to Co layer critical thickness dggt. While decreasing cobalt thickness, d¢qo

below dggrT (ca. 1.9nm), a spin reorientation transition (SRT) from in-plane to out-of-plane

magnetization alignment takes place. Initial works on ion irradiation of Pt/Co/Pt reported a
decrease in PMA[7] upon treatment. However, an opposite modification enhancing the PMA
is also possible[1,2] where under ion irradiation, a sequential increase of the PMA with the
ion fluence, F increases.

Recently, we reported[1] the possibility to induce PMA in ultrathin Co by Ar* ions

bombardment instead of Ga* ions [3]. We selected Ar* ions of energy 1.2, 5 and 30 keV
enabling studies of precise nanostructure modifications on different depth in relation to
magnetic layer position. We establish a correlation between the magnetic and structural

changes of Pt/Co/Pt ultra-thin layered structure induced by irradiation with Art ions. Our
work discusses particularly structural factors related to crystal lattice defects and strain,
created and modified by irradiation, co-responsible for the increase in PMA. We investigate
the magnetic properties as a function of d¢o and F and the evolution of the structure under

irradiation. Finally, the unique properties of positron interaction with the thin film surface
region have been utilized, in positron annihilation spectroscopy (PAS)[8] for the defect
spectroscopy of the ion irradiated samples. Our work opens the interpretation where
defects creation alloy formation, strain generation can be correlated to observed magneto-
optical properties and the PMA.
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071 - L10-ordered ferrimagnetic Fe(1-x)Cr(x)Pt (001) thin films
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New magnetic materials designed for ultrafast all-optical switching (AOS) of magnetization
are of high interest from a fundamental as well as technological point of view because AOS
could be exploited as a future recording concept [1, 2]. One of the interesting materials in

this regard is chemically ordered L1 FePt alloy thin films exhibiting large perpendicular

magnetic anisotropy (PMA) of up to 7 MJ/m3 [3], which have been recently implemented as
ultra-high density magnetic storage medium for applications in heat-assisted magnetic
recording (HAMR) [4]. Recently, AOS with assistance of additional external magnetic field
on FePtAgC granular medium was demonstrated [5]. Furthermore, it has been shown
experimentally for TbFe films, that the remanent magnetization (M,) [6] or domain size [7]
could be the factor which limits the AOS capability.

In this regard, a series of (Fe(100-x)Cr(x))soPtsg alloy thin films with a thickness of about 10
nm were prepared by epitaxial growth on MgO(100) substrates at 800°C. The Cr content x
was varied in the range of 0 - 100 at.% for continuous tuning of the remanent
magnetization. All samples in the series reveal pronounced L1, chemical ordering, where ¢

lattice parameter in growth direction is steadily changing from L1y-FePt (c = 0.372 nm) to
the bulk value of L1y-CrPt (c = 0.381 nm). With substitution of Fe by Cr in the L1 lattice up

to 20 at.% strong PMA is observed at 300 K (Fig. 1). However, with addition of 45 at.% Cr,
PMA gets strongly reduced. With further addition of Cr, the film turns into an
antiferromagnetic system. Also the coercivity in out-of-plane direction decreases from
42.94 kOe to 10.82 kOe with addition of 20 at.% Cr, which is in fact attributed to a strong
alteration of the film morphology changing from island-like to a more continuous film
structure. Furthermore, x-ray magnetic circular dichroism studies at the Fe and Cr L3 »

edges revealed a strong antiferromagnetic coupling between Fe and Cr, which supports the
reduction in net magnetization of the film (Fig. 1).

[1] C.D. Stanciu et al., Phys. Rev. Lett. 99, 047601 (2007).

[2] A. Kirilyuk et al., Rev. Mod. Phys. 82, 2731 (2010).

[3]]). Lyubina et al., in Handbook of Magnetic Materials, edited by K. H. J. Buschow (Elsevier,
Amsterdam, 2011), vol. 19, pp. 291-395.

[4] K. Hono et al., MRS Bull. 43, 93 (2018).

[5] C.-H. Lambert et al., Science 345, 1337 (2014).

[6] A. Hassdenteufel et al., Phys. Rev. B 91, 104431 (2015).

[71 M. S. El Hadri et al., Phys. Rev. B 94, 064419 (2016).
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072 - Magnetic imaging of epitaxial Co thin films with C2v symmetry
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Symmetry plays an important role in magnetism, since the structural symmetry of a crystal
also determines the symmetry of the magnetic interactions. In this work, we have studied
the magnetic properties of thin Co films with C5,-symmetry, epitaxially grown on bcc-

W(110). In particular, we have used Photo Emission Electron Microscopy combined with X-
ray Magnetic Circular Dichroism (XMCD-PEEM) to observe the domain structure and domain
wall configurations in bcc-W(110)/hcp-Co(0001)/fcc-Pt33Augy (111) for different Co

thicknesses. For Co thicknesses between 2 and 5 ML (0.5 - 1.0 nm), this system shows a
perpendicular magnetization, with an additional in-plane anisotropy along the W [-110]
direction due to magnetoelastic anisotropy. Moreover, the structural inversion asymmetry
and the presence of Pt at one of the interfaces also leads to an isotropic strong interfacial
Dzyaloshinskii-Moriya interaction, estimated as 0.75 pJ/m using Brillouin Light Scattering
spectroscopy. The XMCD-PEEM images show a stripe domain structure for Co thickness
between 0.6 and 1.0 nm with the stripes aligned along the W[-110] direction, the in-plane
easy axis of magnetization. The domain walls between the stripe domains show a clear,
chiral Néel component due to the DMI. The domain period decreases with increasing Co
thickness, giving rise to a configuration close to a magnetic spiral for the thickest Co layer
(about 5 ML). Upon application of a magnetic field perpendicular to the film plane,
elongated skyrmion bubbles were observed.

The Figure shows the domain structure at zero magnetic field for ~4.5 ML (left) and ~3.5
ML (right) of Co, measured with XMCD-PEEM. The field of view of the images is 5 um. The
WI[-110] direction is the horizontal axis in the images.
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073 - Magnetic Properties in Double Perovskite La2Nil-xMnl1+x06
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Double perovskite La2NiMnO6 (LNMO) is one of few ferromagnetic materials with
semiconducting character and as such, a good candidate for magnetically active insulating
barrier in spin filters. In this work epitaxial thin films have been prepared on (001) oriented
SrTiO3 substrates by RF magnetron sputtering using a stoichiometric LaoNiMnOg target.

The effects of the oxygen pressure (PO5) and growth temperatures on the microstructure,

magnetic and transport properties have been investigated. Irrespective to the growth
conditions, films grow fully strained showing insulating behavior. However, microstructure
(Ni/Mn ratio) and magnetic properties strongly depend on oxygen pressure conditions. High
oxygen pressures promotes the growth of stoichiometric films, with Ni:Mn = 1, but poor
magnetic properties. Most interestingly, films grown at low oxygen pressure exhibit Ni/Mn
ratios below 1 indicating a deviation from the ideal double perovskite structure, but
ferromagnetic properties closed to optimal ones. The valence balance between Ni and Mn
ions in nonstoichiometric sample has been studied by X-ray absorption spectroscopy. These
results indicate that Ni deficiency plays an important role in the unexpected insulating
ferromagnetic behavior of nonstoichiometric LNMO thin films.

[1] M. Bernal-Salamanca, Z. Konstantinovic, LI. Balcells, C. Frontera, F. Sandiumenge, L.
Lopez-Mir, A. Pomar, B. Bozzo and B. Martonez, Crystal Growth & Design,
DOI:10.1021/acs.cgd.8b01897 (2019).
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074 - Magnetic soft X-ray transmission tomography: a tool to reveal
complex magnetic textures
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Traditionally, magnetism has been linked to the imaging and study of magnetic domains
within ferromagnets as their behavior is critical to understand the magnetic properties of
the systems under investigation [1]. Nowadays, with the increased complexity of the
magnetic textures to be used in Spintronics [2] and at the beginning of the novel field of 3D
Nanomagnetism [3], magnetic imaging techniques face the challenge of moving from the
characterization of magnetization textures in planar systems to the study of complex 3D
magnetic configurations within heterostructures and 3D nanomagnets. In this framework,
magnetic X-ray transmission tomography allows the user to reconstruct the full
magnetization configuration within the volume of the sample with high spatial resolution
[4,5].

In this work we have experimentally demonstrated the potential of soft X-ray magnetic
tomography by reconstructing the complex magnetization configuration of a
NiggFeso/NdCos/NiggFesq heterostructure. Soft X ray transmission tomography permits to

reveal the 3D magnetization of a ferromagnetic material thanks to the angular sensitivity of
the magnetic dichroism. Several interesting magnetic singularities appear as a result of the
weak perpendicular magnetic anisotropy character of the NdCog magnetic layer [6,7].

The experiment was carried out at the Mistral beamline of the ALBA Synchrotron. The
heterostructure consisted on 80nm NiggFe,¢/80nm NdCos/80nm NiggFe,q Two different tilt

series were recorded from the same sample area in order to be sensitive to the three
components of the magnetization vector. Each projection was recorded with positive and
negative circular polarized photons at the Fe L3 absorption edge energy. As described in

ref. 5, by using this approach the pure XMCD signal can be extracted forming the magnetic
tomogram to be reconstructed. The reconstructed configuration experimentally confirms
the reversal topological rules described in ref. 7. Moreover, a Bloch point and a Meron-like
texture have been identified within the central layer due to the magnetization behavior
close to the interfaces in the NiggFeyq. The results show the potential of the technique as a

unique tool for the magnetic 3D characterization of arbitrary systems and heterostructures
which is of great interest for Spintronics and 3D Nanomagnetism.

Authors acknowledge the support from Generalitat de Catalunya (Spain), Spanish MINECO
(FIS2016-76058) and Spanish Ministry of Science and Innovation. A. Hierro-Rodriguez and S.
McVitie acknowledge the support from the European Commission under the Marie-
Slklodowska-Curie Actions H2020-MSCA-IF-2016-746958.
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075 - Magnetism of Fe doped ZrO2 thin films studied by synchrotron
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Diluted magnetic oxides are driving increasing interest in solid state physics and materials
science communities for their potential applications in spintronic devices where they allow
to reduce power consumption and to store and manipulate non-volatile data beyond room
temperature, as requested in nano-electronics. Among oxides, zirconia (ZrO>) is a

promising candidate with a high dielectric constant and ionic conductivity which has
recently been integrated in ultra-scaled devices. Fe is substitutional dopant that stabilizes
the tetragonal phase of Zirconia [1,2]. Exploiting x-ray absorption near edge spectroscopy
(XANES) in high magnetic fields, we investigated the magnetic properties of thin films
grown by atomic layer deposition (ALD) of zirconia doped with magnetic impurities. The
spectra were acquired at Fe-L; 3, and O-K edges of iron-doped zirconia (Zr,_xFe,0O5.y) for

different Fe dopant concentrations x, ranging from diluted (x ~1-2 at. %) up to high (x ~25
at. %) concentration. By x-ray magnetic circular dichroism (XMCD), we carefully analyzed
the temperature dependence of the magnetic moments of this dilute magnetic oxides from
low (T=5 K) up to room-temperature, for different Fe concentrations studying the best
dopant concentration range maximizing the magnetic signal. The results underline a

relation between the Fe3* /Fe?* ratio and the amount of oxygen vacancies responsible for
the temperature dependence behavior of the magnetization and the degradation of
magnetic properties at high dopant regime. In particular, the measured magnetic signal
decreases as the Fe concentration increases. To enlighten this surprising behavior, we
performed first principles simulations of Fe doped zirconia, by using the super-cell method
and plane-wave pseudopotential techniques within the framework of density functional
theory. On the basis of our ab initio results we propose that the microscopic mechanisms
responsible of the peculiar magnetic properties of this compound can be explained by
oxygen mediated super-exchange mechanism between the Fe dopant and the complex
formed of Fe atom and O vacancies, producing, at high dopant concentration, an
antiferromagnetic coupling between two Fe atoms.

References
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oxygen vacancies on the structure and the density of states of iron doped zirconia, Phys.
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iron-doped zirconia: Trends in O K-edge spectra as a function of iron doping, Phys. Rev. B
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076 - Magneto-Crystalline Anisotropy of Fe, Co and Ni slabs: A
benchmark from DFT and Tight-Binding models
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I will report magneto-crystalline anisotropy (MCA) calculation of Fe, Co and Ni slabs of
various thicknesses and crystalline orientations from two Density Functional Theory codes
based on a plane wave (Quantum Espresso [1]) and a local atomic basis set (Quantum ATK
[2]) expansion as well as a magnetic tight-binding method [3].

| will analyse the evolution of the MCA with the number of layers of the slabs (N=1, ..15).
The decomposition of the total MCA into contributions of atomic sites performed via the
application of the Force Theorem [4] helps understanding the oscillatory behaviour of the
MCA with the slab thickness and highlights the role of quantum well states. | will also
identify some specific systems with enhanced MCA.

MCA is a quantity that depends sensitively on many parameters. It will be illustrated by a k-
space (see figure)- as well as the strain-analysis showing very rich features that could
eventually be used to tailor systems with enhanced magnetic properties. Finally, this work
can serve as a benchmark for MCA calculations and setting the limit of electronic structure
methods.

[1] P Giannozzi et al., Advanced capabilities for materials modelling with Quantum
ESPRESSO, ).Phys.:Condens.Matter 29, 465901 (2017)

[2] S. Smidstrup, First-principles Green's-function method for surface calculations: A
pseudopotential localized basis set approach, Phys. Rev. B 96, 195309 (2017).

[3] C. Barreteau, D. Spanjaard, MC Desjonqueres, An efficient magnetic tight-binding
method for transition metals and alloys, Comptes Rendus Physique 17 406-429 (2016).

[4] Dongzhe Li, Cyrille Barreteau, Martin R. Castell, Fabien Silly, and Alexander Smogunov,
Out- versus in-plane magnetic anisotropy of free Fe and Co nanocrystals: Tight-binding and
first-principles studies Phys. Rev. B 90 205409 (2014).
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Magnetic thin films with large magnetostriction coefficients have been studied for
microelectromechanical-system applications such as actuators, sensors, and vibration
energy harvesting devices. Fe-Co alloys with bcc structure are typical soft magnetic
materials and have recently attracted much attention as one of magnetostrictive materials,

since they show large magnetostriction coefficients of 1074 [1-3]. In our previous study [4],
bcc-Feqgg-xC0o,(001) single-crystal films (x = 0-50 at. %) were prepared on MgO(001)
substrates at 300 °C. The magnetostriction coefficients of A1gg and A;;; respectively

increased from +107 to +10~% and from -10~> to +107>, with increasing the x value.

A higher growth temperature may improve the crystallographic and the
magnetostrictive properties. However, an elevated substrate temperature generally
enhances the film surface roughness, which makes it difficult to measure the
magnetostriction property. In order to suppress the roughness, it is useful to employ an
underlayer material whose surface energy is higher than that of Fe-Co alloy. Vanadium
nitride (VN) has NaCl-type crystal structure with the length parameter of 0.42 nm, similar to
the case of MgO. On the contrary, the surface energy of VN crystal is much higher than that
of MgO crystal. Therefore, VN seems suitable as underlayer material for Fe-Co film. In the
present study, FeggCosg alloy films are prepared on VN(001) single-crystal underlayers

hetero-epitaxially grown on MgO substrates by varying the substrate temperature from
room temperature (RT) to 600 °C. The influence of growth temperature on the structure
and the magnetostrictive properties is investigated.

FesoCosg films grow epitaxially on VN(001) underlayers for all the investigated substrate

temperatures. The crystal structure and the orientation relationship with respect to VN
underlayer are determined by RHEED and XRD as bcc-FegqCo5¢(001)[110] || VN(001)[100].

The lattice strain decreases with increasing the growth temperature. The surface
morphology is observed by AFM. Flat film surfaces are realized for all the films, even when
elevated substrate temperatures are used. The magnetostriction behavior is observed by
using a cantilever method under rotating magnetic fields of 0-1.2 kOe. The bending is
measured by using a laser displacement meter. Figures 1(a) and (b) summarize the
magnetostriction coefficients of A1gq and A;77, respectively. As the growth temperature

increases from RT to 600 °C, the A; oo and the A;7; values increase from +261x107° to

+299x107% and from -16x107° to +117x1075, respectively. The present study shows that
an introduction of VN underlayer and an employment of high growth temperature are useful
to enhance the magnetostriction of Fe-Co film.

[References]

[1] H.M.A. Urquhart et al.: DTIC Tech. Rep., no. AD0018771 (1953).
[2] R.C. Hall: J. Appl. Phys., 30, 816 (1959).

[3] D. Hunter et al.: Nat. Commun., 2, 518 (2011).

[4] K. Serizawa et al.: to be published in J. Magn. Soc. Jpn., 43 (2019).

216



§ ook (8) A (b} 4y,

2

= 2 _H\'/"-‘_'—‘. -

2= oot -

E E 100

55 .__’____‘__‘/"
2 g /

5]“:_ - P i i

AWy "Fm w00 . I &0
Cirowth temperature ()

Fig, | Growth temperature dependences of mapnetastriction
coefficients, (ap L, and (b1 4, of Feg Coli001 ) single-cresal Tiim
formed an VN underlayer.

217



078 - Modification of interface-controlled parameters of magnetic
tunnel junctions by ion irradiation

6. Magnetic thin films, multilayers, surface and interfaces

Bruno Teixeiral , Andrey Timopheev?, Nuno Cacoilo!, Léa Cuchet?, Julien Mondaud?,
Jeffrey Childress?, Sérgio Magalhdes®, Eduardo Alves>, Nikolai Sobolevl 4

1 Physics Department & i3N, University of Aveiro, 3810-193 Aveiro, Portugal

2 Crocus Technology, 3 avenue Doyen Louis Weil, BP1505 - 38025 GRENOBLE Cedexl1,
France

3 IPFN, Instituto Superior Técnico, Universidade de Lisboa, 2695-066 Bobadela LRS,
Portugal

4 National University of Science and Technology “MISiS”, 119049 Moscow, Russia

Magnetic properties of materials are strongly dependent on the structure, from the intrinsic
coupling to the lattice to the emergence of effective anisotropies caused by the
microstructure-related spatial-dependent magnetization. Reduced symmetry at interfaces
[1], lateral microstructure [2], and interlayer interactions [3] may be modified by ion
irradiation, providing a route for the control of magnetism in magnetic multilayers. Being a
well-established technology allowing also for lateral patterning [1], it helps to explain the
interest on the ion irradiation of magnetic structures, particularly of magnetic tunnel
junctions (MT]J) [4,5]. Before applications can be envisaged, however, it is necessary to
understand the full extent of effects produced by the irradiation on the interface-controlled
parameters of MT] stacks.

To that end, we irradiated an MTJ multilayer with 400 keV Ar * ions at fluences (®) up to

5x10 15 cm™2. The stack was comprised of
Substrate/Ta/CuN/Ta/Ru/IrMn/PL/Ru/RL/MgO/FL/Ta/Ru layers, where PL, RL and FL are the
pinned, reference and free layers made of CoFe(B) alloys. Ferromagnetic resonance (FMR)
was used to measure the effective anisotropy field of the FL, Hk;, encompassing interfacial

perpendicular magnetic anisotropy (kg1/t), shape (4nM52), and volume (K,,) anisotropy. All
magnetic layers are in-plane magnetized (Hy; < 0). The tunnel magnetoresistance ratio
(TMR=(Rpp-Rp)/Rp) was measured with a current-in-plane 4-point probe. Before
irradiation puHg;=-10.7 kG and TMR = 193%.

The anisotropy keeping the magnetization in-plane decreased with increasing fluence
(fig. a, ¢). This tendency, opposite to the observed in [4] for MgO/FeCoB/MgO, is explained
by a stronger decrease of Mg due to intermixing at the top FL/Ta interface than of k¢; at

the MgO/FL interface.

The TMR dropped to 74% at ® = 3x10 13 cm™, following the decrease in Rpp (fig. b). The
intermixing at MgO/FeCoB cannot explain this initial loss of TMR, since Hy; (fig. a) and Rp

(fig. b) remain practically unchanged up to ® = 3x10 13 cm™. The likely mechanism is
instead the creation of defects within the MgO barrier, acting as spin-independent tunneling

channels shunting the spin-dependent one. Above ® = 1014 cm™2, the RL became
decoupled from the PL as seen by the two loops in R(H) (fig. b) and the appearance of an
additional FMR line (fig. c).

Other effects of the irradiation, particularly those concerning the magnetic damping, will
also be discussed.

[1] C. Chappert et al. Science 280, 1919 (1998);

[2] I.L. Graff et al. J. Appl. Phys. 103, 033505 (2008);

[3] V. Hdink et al. Appl. Phys. Lett. 86, 152102 (2005);

[4] B.M.S. Teixeira et al. Appl. Phys. Lett. 112, 202403 (2018);
[5] T. Devolder et al. ). Appl. Phys. 113, 3 (2013);
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The development of nanoscale magnetometry using the Nitrogen-Vacancy (NV) center in
diamond has opened up a world of nanoscale sensing applications. These centers,
consisting of a single electronic spin, make for an atomic-scale sensor, capable of imaging
nanoscale magnetic systems with high sensitivity and minimal invasiveness. NV-based
magnetometers are stable over a wide temperature range, from ambient conditions to
cryogenic systems, and thereby provide access a plethora of physical phenomena. We
integrate a single NV center into the tip of a parabolic all-diamond atomic force microscopy

scanning probe, which allows us to achieve 50 nm spatial resolution and sub-uT/Hz"”
sensitivities [1].

We use this system to image stray fields emerging from thin, magnetoelectric,
antiferromagnetic films, specifically, Cr,03. This material is technologically interesting due

to its room-temperature, antiferromagnetic ordering and magnetoelectric properties that
allow, for example, fast electronic switching [2]. Using a combination of NV magnetometry
and Zero Offset Hall Magnetometry (ZOHM) [3], we extract key material properties of Cr,03

thin films by magnetic stray field imaging. Symmetry breaking leads to a fully polarized
atomic monolayer of electronic spins on the surface of Cr,03, whose magnetisation is

directly linked to the underlying antiferromagnetic bulk order parameter (see Fig. 1a). We
image the antiferromagnetic domain formation over the paramagnet to antiferromagnet
transition with nanoscale resolution (Fig. 1b) and together with ZOHM, extract the inter-
granular exchange coupling and local critical temperature distribution. Furthermore, we
present recent results, where we extend our technique to the study of bulk, single-crystal
Cr,03 samples, where we determine surface magnetic moment densities and aim at

resolving domain-wall dynamics with high spatial resolution.

1. Patrick Maletinsky et al., A robust scanning diamond sensor for nanoscale imaging with
single nitrogen-vacancy centres, Nat. Nano. 7, 320-324.

2. Tobias Kosub et al., Purely antiferromagnetic magnetoelectric random access memory,
Nat. Comm. 8, 13985.

3. Tobias Kosub et al., All-electric access to the magnetic-field-invariant magnetization of
antiferromagnets, Phys. Rev. Lett. 115, 097201.
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080 - Non-collinear magnetic order in SrirO3 - La0.7Sr0.3Mn0O3
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4 Ecole polytechnique fédérale de Lausanne, CH-1015 Lausanne, Switzerland

Iridate compounds are of high scientific interest, since they show emergent phenomena
due to competition between the relevant energy scales of electron correlation, bandwidth
and, most importantly, strong spin-orbit coupling. We investigate how the coupling between
3d-Lag 75rg.3Mn0O3 (LSMO) and 54-SrirO3 (S10) alters the magnetic properties such as

magnetic order and anisotropy of LSMO which is a collinear soft ferromagnet with high spin
polarization.

High quality bilayers of LSMO and SIO with different stacking sequence and thicknesses of
few unit cells were coherently grown by pulsed laser deposition on TiO, terminated (100)

SrTiO3 substrates. The magnetic properties were investigated by magnetization and x-ray

magnetic circular dichroism (XMCD) measurements. Structural characterization of the
bilayer samples was done using x-ray diffraction and scanning transmission electron
microscopy (STEM). The STEM images confirm the abruptness of the interfaces with one
Mn-Ir intermixed unit cell at the interfaces. No chemical difference of the LSMO-SIO
interfaces of reversed stacking sequence has been detected. We find the magnetic
anisotropy of both bilayer types changed in comparison to single-film LSMO, with an out-of-
plane canting of the easy axis direction. In case of the LSMO grown on SIO, these changes
are very pronounced, making LSMO a canted hard magnet. Based on the assumption that
LSMO returns to strained bulk-like behavior in sufficient distance from the interface, this
leads to non-collinear magnetic order of Mn induced by the interface to SIO. The strong
difference induced by growth sequence hints at an impact of lattice structure, i. e. rotation
patterns of oxygen octahedrons, on magnetic anisotropy and the strength of magnetic
interactions. Non-collinear magnetic order at oxide interfaces is vitally important for
spintronics devices.
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1 Ural Federal University, Institute of Natural Sciences and Mathematics, Ekaterinburg,
Russia
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[Ti(6 nm)FeqgNigy (X)]n/Ti(6 Nm)/Cu(500 nm)/Ti(6 nm)/[F1gNig1 (X)Ti(6 nm)], (n = 1-5; X =
25, 50, 100 nm) multilayered structures were prepared by magnetron sputtering onto glass
substrates through metallic masks to form 12 mm x 0.5 mm elongated elements. During
deposition, external magnetic field of 250 Oe was applied in plane of the film along the
short side of the element in order to create well defined uniaxial magnetic anisotropy. Giant
magnetoimpedance (GMI) and ferromagnetic resonance (FMR) parameters were studied as
a function of the number of magnetic layers n = 1-5 and the thickness of the FeNi layer X =
25, 50, 100 nm.

We designed and developed special sample holder (based on a coplanar transmission line)
for precise measurements of the parameters of ferromagnetic resonance of multilayered
elements in the frequency range of 1 to 40 GHz. Obtained results allowed us to construct a
prototype of a detector of weak magnetic fields based on [Ti(6 nm)/FeNi (50 nm)]s/Ti(6

nm)/Cu(500 nm)/Ti(6 nm)/[FeNi (50 nm)/Ti(6 nm)]s sensitive element. The maximum

achieved sensitivity with respect to applied field value was 10 pOe. In the frequency range
0.02-6 GHz, the dependences of the sensitive element impedance on the angle y between
the main axis of the elongated element and the direction of an external constant magnetic
field were found. Figure shows the increment of the real part of the impedance on the
strength of an external constant magnetic field for a sample located at an angle y = 45° to
the field direction as an example. A comparison of the experimentally obtained increments
of the real and imaginary parts of the sensor impedance with the real and imaginary parts
of the components of the main diagonal of the magnetic susceptibility tensor obtained by
modeling in the COMSOL Multiphysics program was done. The frequency shift of the FMR
maxima relative to the Kittel frequencies (¢ = 0) is calculated, the justification of the
asymmetry and broadening of the FMR peaks when element was rotated with respect to the
direction of an external constant magnetic field is discussed.

This work was supported by the RSF grant 18-19-00090.
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082 - Perpendicular Nanomagnetic Logic Based on Ultra-low
Anisotropy Co\Ni Multilayers
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Perpendicular Nanomagnetic logic (pNML) is listed as a potential “Beyond-CMOS” candidate
in the International Roadmap for Devices and Systems 2017 (IRDS). PNML thereby utilizes
the anti-parallel dipole-dipole coupling of adjacent nano-magnets with perpendicular
magnetic anisotropy to achieve complex logic operations [2]. In recent years we have
demonstrated a comprehensive family of Boolean and non-Boolean logic elements on
device-level and forecasted a potential power dissipation of low single digit Atto-Joules per
NAND/NOR operation utilizing global on-chip clocking [1]. The vast majority of the total
energy required is thereby dissipated by the field-coils, which need to drive the
magnetization reversal. The minimally achievable clock field is, therefore, one of the
defining figures of merit and should ideally fall well below 20 mT.

In this work, we present Co\Ni based multilayer stacks with ultra-low (near threshold)
perpendicular magnetic anisotropy as a replacement for the established high anisotropy
Pt\Co multilayers. The multilayers are sputter deposited onto silicon substrates, patterned
by means of Focused-lon-Beam lithography and analyzed via laser as well as wide-field
MOKE and extraordinary-hall-effect measurements. To assess the switching fields H,

several hundred single-domain, circular magnetic islands with radii between (0.25 and 1
pum) were characterized. Magnets with as-grown PMA were found to exhibit comparable
coercivities with respect to Pt\Co (> 200 mT). Whereas coercivities one order of magnitude
smaller are achievable via post-deposition annealing of IP stacks (turning the easy axis
OOP) consisting of asymmetric alloy-like Co\Ni multilayers - either on a thin Pt seed e.g.
Pt1\Cogq.25[Nig 7\C0g.15]x5 (Hs mean = 21.5 mT, 0gyp < 5 mT) or directly on Ta e.qg.

Ta15[C00.2\Ni0_4]X5 (Hs_mean = 4.3 mT, Oggp < 2 mT)
It was assessed and furthermore confirmed, that artificial nucleation centers (ANC), created

via local (50 nm x 50 nm ) 50 kV Ga™ ion-implantation in these layers, can be deployed as
an effective method by which DW nucleation can be controlled, and the reciprocity in
coupling be broken. The statistical data obtained from a sweep of the applied ion dosages
from 10el2 to 10el5 ions/cm2, however, indicate a limited coercivity reduction factor of
1.2 - 2 instead of the 5 - 8 reported on in the past for Pt\ Co magnets [3]. Considering the
remaining very low OOP anisotropy after annealing in combination with depinning fields in
the single digit m7range (< 3 mT), this is expected behavior.

Logic blocks, as for example inverters and three-input majority gates, were realized with
clock fields as low as 10 mT (Pt;\Cog »5[Nig 7\Coq.151x5) thus even undercutting the 20 mT
criterium. These results underline the potential of Co\Ni to enable on-chip field clocking of
pNML circuits with competitive current densities. The continuous work now focuses on
maximizing the dipole-dipole coupling by optimizing the comparably low magnetic moment
of the Co\Ni stacks (compared to Pt\Co) - addressing both the stack composition as well as
the number of repetitions.

References

[1] Becherer et al. Solid-State Electronics, 102, 2014,

[2] Breitkreutz et al. /EEE Transactions on Magnetics, 49.7, 2013.

[3] Mendisch et al. Journal of Magnetism and Magnetic Materials, 2019.
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083 - Range of interlayer exchange coupling in Fe/MgO[001]
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Fe/MgO/Fe tunnel junctions are well known for their large tunnel magnetoresistance, but
their interlayer exchange coupling (IEC) [1] is less explored. Stacking several interlayer
exchange coupled Fe/MgO/Fe tunnel junctions on top of each other can lead to new and
interesting phenomena. For example, a sequential layer-by-layer magnetic switching in
interlayer exchange coupled Fe/MgO[001] superlattices (the crystalline counterpart of a
multilayer) has been observed [2]. The discrete magnetic switching sequence could be
rationalized by an IEC exceeding nearest neighbor interactions. Here, we report the first
systematic investigation on the range of IEC in Fe/MgO[001] multilayers. For that, three
series of samples with various number of Fe/MgO bilayer repetitions (N) were grown on
single crystalline MgO(001) substrates. Hystereses curves with discrete magnetization
steps were obtained as illustrated in Figure 1, consistent with previous results [2]. The
inferred IEC strength was obtained from the saturation field of the samples and is
illustrated in Figure 2, for the first [Fe(13A)/MgO(21A)]y and second [Fe(20A)/MgO(17A)]y

series. When the interaction is restricted to nearest neighbors, the normalized coupling
strength would approach 2 with large number of repeats (N) since most Fe layers have 2
nearest neighbors, as discussed in ref. [3]. Our results are therefore consistent with a
strong contribution from long-range interactions, which is seen in a normalized coupling
strength well above 2 for all samples with N>2. The results are essential for the
understanding of the IEC in tunnel junctions and could even serve as a base for the
development of three-dimensional data structures.

[1]]). Faure-Vincent, C. Tiusan, C. Bellouard, E. Popova, M. Hehn, F. Montaigne and A.
Schuhl, Phys. Rev. Lett. 89, 106602 (2002)

[2] F. Magnus, T. Warnatz, G. K. Palsson, A. Devishvili, V. Ukleev, J. Palisaitis, P. O. A.
Persson and B. Hjoérvarsson, Phys. Rev. B 97, 74424 (2018)

[3]S. S. P. Parkin, A. Mansour and G. P. Felcher, Appl. Phys. Lett. 58, pp. 1473-1475 (1991)
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084 - Reversible tuning of physical properties via oxygen
desorption/absorption in La0.7Sr0.3Mn03-56 films
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An oxygen vacancy induced topotactic transition from perovskite to brownmillerite and vice
versa in epitaxial Lag 7Srg 3Mn0O3_g thin films is identified by real-time x-ray diffraction. A

novel intermediate phase with a non-centered crystal structure is observed for the first time
during the topotactic phase conversion which indicates a distinctive transition route.
Polarized neutron reflectometry confirms an oxygen deficient interfacial layer with
drastically reduced nuclear scattering length density, further enabling a quantitative
determination of the oxygen stoichiometry (Lag 75rg.3Mn0O; g5) for the intermediate state.

Associated physical properties of distinct topotactic phases (i.e. ferromagnetic metal and
anti-ferromagnetic insulator) can be switched reversibly by an oxygen
desorption/absorption cycling process.

L. Cao, O. Petracic, P. Zakalek, A. Weber, U. Rlucker, J. Schubert, A. Koutsioubas,
S.Mattauch, and Th. Brickel, Reversible Control of Physical Properties via an Oxygen-
Vacancy-Driven Topotactic Transition in Epitaxial Lag 75rp 3MnO3_s Thin Films, Adv. Mater.

2018, 1806183 (2018)
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085 - Role of interface properties on magnetic exchange in
MnGa/FeCo and MnBi/FeCo bilayer nanostructures
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Synthesis of exchange coupled hard/soft magnetic materials is one promising way to design
energy efficient rare-earth free magnetic materials for application as permanent magnets
and in spintronics. In this study, we investigated the magnetic exchange coupling
behaviour for two different experimental bilayer systems of MnBi/FeCo and MnGa/FeCo and
modelled their physical behaviour in a combined density functional theory and
micromagnetic approach. Exchange coupled bilayers with various soft magnetic layer
(FeCo) thicknesses were deposited in a DC magnetron sputtering unit from alloy targets.
Our TEM evaluations confirm growth of highly textured (001) MnBi layer and a
polycrystalline FeCo film with coexisting amorphous and (110) regions. We note that the
hard/soft interface in this case shows roughness. However, in case of MnGa/FeCo system,
epitaxial growth of single crystalline (001) hard and soft layers with smooth interface is
evident from TEM evaluations which is resulted from a rather low lattice misfit. Based on
magnetic measurements, in MnBi/FeCo bilayer using a Co-rich FeCo layer results in better
exchange properties with an optimum thickness of ~ 1 nm, however, a complete single-
phase hysteresis cannot be obtained for higher FeCo thicknesses. On the other hand, more
coherent hysteresis plots and higher critical thickness of ~ 2 nm is observed in the case of
MnGa/FeCo system. Our combined experimental and theoretical nanostructure model, by
the means of TEM analysis as well as DFT and micromagnetic simulations, shows that in
addition to the thickness of soft magnetic layer the interface roughness, affected by layers
growth properties, and FeCo composition close to the interface also directly control the
degree of exchange coupling in such exchange spring systems. This study correlates the
interface structure to the physics of exchange coupling and provides means to engineer
high-performance exchange coupled 2D nanostructures for permanent magnets or
spintronic devices.
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Antiferromagnetic materials promise improved performance for spintronic applications, as
they are robust against external magnetic field perturbations and allow for faster
magnetization dynamics as compared to ferromagnets. The direct observation of the
antiferromagnetic state, however, is challenging due to the lack of magnetization. Here, we
probe the antiferromagnetic insulator NiO by investigating the spin Hall magnetoresistance
(SMR) effect in a heavy metal electrode of Pt in a NiO/Pt bilayer heterostructure. While we
rotate an external magnetic field in the easy plane of NiO and record the longitudinal and
the transverse resistivity of Pt, we observe an amplitude modulation consistent with the
spin Hall magnetoresistance (see Figure). In comparison to Pt on collinear ferrimagnets [2],
the modulation is phase shifted by 90° and its amplitude quadratically increases with the
magnitude of the magnetic field [1]. We explain the observed magnetic field dependence of
the SMR in a comprehensive model, taking into account magnetic field-induced
modifications of the domain structure and magnetoelastic effects in the antiferromagnetic
layer [1]. Our detailed study shows that the SMR is a versatile tool to gain understanding of
the magnetic spin configuration and to investigate magnetoelastic effects in
antiferromagnetic multi-domain materials. With our generic model, we are finally able to
estimate the strength of the magnetoelastic coupling in NiO.

We gratefully acknowledge financial support by the Deutsche Forschungsgemeinschaft via
SPP 1538 (Projects No. GO 944/4 and No. GR 1132/18). O.G. acknowledges support from
the Alexander von Humbolt Foundation, the ERC Synergy Grant SC2 (No. 610115), the
Transregional Collaborative Research Center (SFB/TRR) 173 SPIN+X, and EUFETOpen RIA
Grant No. 766566.

[1] J. Fischer et al.,, Phys. Rev. B 97, 014417 (2018).
[2] H. Nakayama et a/., Phys. Rev. Lett. 110, 206601 (2013).
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Nanoporous metals are advanced materials constituted by ligaments and pores which size
can range from tens of nanometers up to microns. This imply a wide variety of properties
that can allow their use in different applications ranging from catalysis, biosensors and
substrates for surface-enhanced Raman scattering (SERS). In this work, a continuous
FesgPd3q layer (thickness ranging in the interval 50-200 nm) is deposited by rf-sputtering

on a SiO, substrate. Pd-rich nanoporous thin films were produced by dealloying a
polycrystalline solid solution of FeygPd3q (at.%) by free-corrosion at room temperature in a

aqueous solution of 2 M hydrochloric acid. During this process, the Fe less noble atoms
were partly dissolved in the electrolyte leaving a nanoporous film enriched in the Pd
noblest atoms [1].

The evolution of the morphology, stoichiometry and crystal structure was investigated and
related to the different dealloying times. The roughness of the films increases increasing
the dealloying time. After 2 hours of dealloying, the sample developed a hierarchical
structure of pores and ligaments and its final composition was determined to be Feg;Pdyg

by EDS analysis.

The magnetic properties at room temperature were investigated for the in-plane and out-of-
plane configuration. Removing the iron from the alloy results in a noticeable decrease of
the magnetic moment of the sample and in the development of a paramagnetic component
in the hysteresis loop. Moreover, the mechanism for the rotation of the magnetization and
the value of the coercive field are affected by the nanostructuring process which takes
places promoted by the dealloying process.

Meso- and nanoporous materials show a noticeable SERS effect [2], which is one of the
most promising methods for the detection of small concentration of organic molecules and
nanoparticles [3]. In order to investigate the presence of SERS effect in the aforementioned
samples, we use as a probe molecule bipyridine in ethanol solution with different
concentration. Indeed, a SERS enhancement was found, and the detection limit was

estimated for a bipyridine concentration of 10712 M.

[1] J. Erlebacher, M. J. Aziz, A. Karma, N. Dimitrov, K. Sieradzki, Nature volume 410, pages
450-453 (2001)

[2] Zhang, X., Zheng, Y., Liu, X., Lu, W., Dai, J., Lei, D. Y. and MacFarlane, D. R. , Adv.
Mater., 27: 1090-1096 (2015).

[3]1S. Nie, S.R. Emory, Science, Vol. 275, Issue 5303, pp 1102-1106, (1997)
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The asymmetric exchange interaction, like Dzyaloshinskii-Moriya interaction (DMI), is being
widely investigated in thin layered structures with perpendicular magnetic anisotropy. It
opens possibilities to create new low power consumption magnetic recording media with
high data storage densities based on skyrmion stabilization and movement [1]. Many works
were focused on transitions metals grown on a substrate with large spin-orbit coupling [2]
where strong magnetic field was necessary (H=1T) to stabilize the skyrmions. The most
extensive studies were carried out for ultra-thin multilayered films with two or even more
interfaces between heavy metals (HM) and transition metal ferromagnets (FM) [3] because
multilayer stacks can stabilize skyrmions at room temperature (RT) without magnetic field
[4]. Nowadays, one of the main challenges is stabilization of skyrmion structure at RT
without magnetic field. So, a new path to control the topologically stable spin textures with
DMI is needed. One of the possible solutions might be a replacement of HM capping layer
with oxide (like MgO, Al,Os, or NiO) where enhanced DMI where observed [1, 5, 6].

The aim of the present work is to study the evolution of magnetic domain structure and
magnetic anisotropy as a function of temperature/magnetic field in Au/Co/NiO layer where
DMI was observed [6]. Presented results are supported by complementary techniques such
as polar magneto-optical Kerr effect magnetometry and microscopy, magnetic force
microscopy and X-ray magnetic circular dichroism with photoemission electron microscopy
studies (XMCD-PEEM). In studied system the antiferromagnetic NiO layer increases
perpendicular magnetic anisotropy of Co layer due to exchange bias coupling (the strength
of this coupling might be tuned by temperature variation). It was observed that increasing
temperature (approaching to Neel temperature of NiO layer) the magnetic anisotropy
changed sign resulting in spin reorientation from easy axis to easy plane. This annealing
effect enabled sample demagnetization with submicrometer size skyrmion/buble domain
structure at RT. Evolution of domain structure was investigated as a function of
temperature using XMCD-PEEM.

Supported by National Science Centre in Poland under the Sonata-Bis (DEC-
2015/18/E/ST3/00557) and the Beethoven 2 (DEC-2016/23/G/ST3/04196) projects.
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[2] A.Soumyanarayanan et al, Nature 539, 509 (2016).

[3] C. Moreau-Luchaire, et al., Nat. Nanotech. 11,444 (2016).

[4] G. Chen, et al., Appl. Phys. Lett. 106, 242404 (2015).

[5]1 O. Boulle, et al., Nat. Nanotech. 11, 449 (2016).

[6] P. Kuswik, et al., Phys. Rev. B 97, 024404 (2018), J. Magn. Magn. Mater. 472, 29 (2019).

232



090 - Tuning magnetic chirality by dipolar and RKKY interactions

6. Magnetic thin films, multilayers, surface and interfaces
Mariélle Meijer! , Juriaan Lucassen!, Fabian Kloodt-Twesten?, Robert Frémter?, Oleg
Kurnosikovl, Rembert Duine® 3, Henk Swagten!, Bert Koopmansi, Reinoud Lavrijsen’

1 Department of Applied Physics, Eindhoven University of Technology, 5600 MB Eindhoven,
the Netherlands

2 Universitat Hamburg, Center of Hybrid Nanostructures, Luruper Chaussee 149, 22761
Hamburg, Germany

3 Institute of Theoretical Physics, Utrecht University, Leuvenlaan 4, 3584 CE Utrecht, the
Netherlands

Chiral domain walls and skyrmions are topologically protected magnetic entities which
have gained enormous interest in recent years because of the variety of possible
applications in nanoelectronics. The stabilization of chiral domain walls and skyrmions at
room temperature is achieved in magnetic multilayers and is attributed to the interfacial
Dzyaloshinskii-Moriya interaction (DMI). It is commonly assumed that the chirality of the
domain walls is constant throughout the thickness of the multilayered structure. However,
recent experimental and theoretical work has shown that due to the presence of dipolar
interactions the chirality varies across the thickness of the multilayered structure. This
influences directly the stabilization energy of chiral domain walls and skyrmions and affects
how they are manipulated by electrical currents [1].

Here, we show that we can directly image the reversal of the domain wall chirality caused
by a competition between the interfacial Dzyaloshinskii-Moriya interaction (DMI) and dipolar
interactions [2]. We image the chirality of the domain walls using /n-situ scanning electron
microscopy with polarization analysis (SEMPA) and tune the strength of the interactions by
systematically varying the thickness of the magnetic layers.

The analysis of the domain walls in a [Pt/CoB(0.7nm)/Ir] g Pt/CoB(1.0nm) stack reveals the

presence of counterclockwise Néel walls (see figure 1), as expected from the DMI in the
investigated sample [3]. Increasing the thickness of the top CoB layer to 1.2 nm leads to a
reversal of the domain wall chirality. This is due to a reduction of the DMI strength by
increasing the CoB thickness, whereas the dipolar interactions are unaffected. At 1.2 nm,
the dipolar interactions are therefore dominant and prefer the formation of clockwise Néel
walls.

We verify our interpretation by an analytical model and micromagnetic simulations.
Additionally, we suggest that the competition of the dipolar and DMI interactions can be
further tailored by the hitherto neglected Ruderman-Kittel-Kasuya-Yosida interaction
(RKKY). Knowledge of the strength of the RKKY interaction and the dipolar interactions is
essential to extract an accurate DMI value for the investigated system. Our work therefore
reveals that dipolar interactions play a key role in the stabilization of chiral spin textures.

[1] Legrand, W., Chauleau, J. Y., Maccariello, D., et al. Science advances, 4(7), eaat0415
(2018)

[2] Lucassen, J., Meijer M.J., Kloodt-Twesten F., et al. arXiv preprint

arXiv:1904.01898 (2019)

[3]1 Yang, H., Thiaville, A., Rohart, S., et al. Physical review letters, 115(26), 267210 (2015)
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The hydrogenation of the Fe atomic bilayer on Ir(111) has proven to be an efficient way to
modify its magnetic properties and to allow for the stabilization of a skyrmionic phase in
this system [1]. Going further in the study of the effect of the incorporation of atomic H on
complex spin structures, we used spin-polarized scanning tunneling microscopy (SP-STM) to
investigate the changes of the nanoskyrmion lattice of the Fe monolayer on Ir(111) upon
hydrogenation.

The magnetic state of the pristine Fe monolayer on Ir(111) depends on the stacking of the
Fe layer. The nanoskyrmion lattice is either hexagonal and commensurate with the atomic
lattice in the hcp case [2] or square and incommensurate in the fcc case [3]. When the fcc
layer is hydrogenated, two different superstructures can form. For a small amount of
hydrogen, we obtain a p(2x2) superstructure in which the H atoms are localized in hollow
sites of the Fe film. When we incorporate more H atoms, an irregular roughly square
structure appears. Since the underlying Ir(111) substrate has a three-fold-symmetry, three
structural rotational domains of this square superstructure are present in the film.

In both cases, our measurements reveal that the magnetic state is affected by the H
superstructure [4]. In the low H concentration phase, the spin structure follows the
hexagonal pattern imposed by the H atoms, resulting in a hexagonal nanoskyrmion lattice
which can be described as the superposition of three cycloidal spin spirals. This
nanoskyrmion lattice exhibits a net out-of-plane magnetic moment. Consequently, two
opposite magnetic domains coexist and our experiments show that they can be switched
using an out-of-plane magnetic field. Furthermore, a detailed comparison between the
experimental data and simulations of the expected SP-STM signal allows the determination
of the position of the H atoms with respect to the magnetic configuration.

In the roughly square phase, SP-STM measurements indicate the existence of three
rotational magnetic domains corresponding to the structural domains. The magnetic unit
cell seems commensurate with the rougly square H superstructure. Our results are
compatible with a magnetic state obtained by the superposition of two cycloidal spin
spirals.

This work thus demonstrates that the nanoskyrmion lattice in the Fe monolayer on Ir(111)
can be tuned by hydrogenation. Whereas the strong non-collinearity and the nanoscale
magnetic period of the magnetic state are preserved, its symmetry can be controlled by the
incorporated amount of hydrogen, without the need to change the symmetry of the
substrate.

[1] Hsu et al., Nature Communications 9, 1571 (2018).
[2] von Bergmann et al., Nano Letters 15, 3280 (2015).
[3] Heinze et al., Nature Physics 7, 713 (2011).

[4] Finco et al., Physical Review B 99, 064436 (2019).
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Neodymium (Nd) has one of the most complicated magnetic behaviours among elemental
metals, exhibiting several magnetic phase transitions below the Néel ordering temperature
of 19.9 K [1]. Magnetic neutron and X-Ray diffraction experiments identify multi-g
structures [2], susceptible to temperature and applied magnetic fields. As these techniques
lack spatial resolution, the details of the magnetic structure at the atomic scale remain a
puzzle.

Spin-polarized scanning tunneling spectroscopy (SP-STM) has proven to be a powerful
technique for deciphering the magnetic phenomena at the atomic scale. By using combined
SP-STS with ab initio calculations, we visualize the non-collinear magnetic order present at
the Nd (0001) surface. We quantify the magnetic field and temperature dependence of the
spectral weight of the g-states, from both measurements and atomistic spin dynamics [3].
We identify a glassy behaviour, which we can relate to the crystalline symmetry and the
energy landscape of the material.

[1]]. Jensen, and A. R. Mackintosh, Rare earth magnetism, Oxford University Press, USA
(1991).

[2] E. M. Forgan, E. P. Gibbons, K. A. McEwen, and D. Fort, Physical Review Letters 62, 470-
473 (1989).

[3] O. Eriksson, A. Bergman, L. Bergqvist, and J. Hellsvik, Atomistic spin-dynamics;
foundations and applications, Oxford University Press (2017).
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In single-phase multiferroics, the magnetoelectric coupling effect can be hardly observed at
room temperature. In addition, it is very difficult to control and design the magnetoelectric
coupling effect in the single-phase multiferroic materials. Recently, artificial multiferroic
heterojunctions such as ferromagnetic/ferroelectric layers have attracted much attention
because they have been extensively explored and exhibited a great potential in various
fields. Introduction of the heterojunctions can provide the controllability and
multifunctionality in the system comprising ferromagnetic/ferroelectric layers. Here, one of
the artificial multiferroic heterojunctions, Ni/LiNbO3, was focused because an uniaxial

magnetic anisotropy is spontaneously induced and the magnetization is directed along the
X-axis of LiINbO3 substrate. As a result, the competition between magnetic shape anisotropy

and uniaxial magnetic anisotropy enables the control of magnetic domain structure and
magnetization reversal characteristics. For example, formation of a closed loop magnetic
domain structure in the micron-scale soft magnetic magnets, in general, is expected
because of the strong magnetic shape anisotropy. In Ni squares deposited on the LiNbO3

single crystal substrate, on the other hand, X-ray circular dichroism photoelectron emission
microscopy (XMCD-PEEM) observations revealed stripe magnetic domain structure was
spontaneously formed (Fig. 1(a)).

In this study, to understand the physical mechanism which induces the uniaxial magnetic
anisotropy through the heterojunction, X-ray photoelectron spectroscopy (XPS) and XMCD-
PEEM were carried out at the laboratory and SPring-8 BL17SU, respectively. To investigate
the origin of uniaxial magnetic anisotropy induced by the heterojunction between the
patterned Ni layer and LiNbO3 substrate fabricated by means of electron beam lithography
and lift-off techniques using a magnetron sputtering, we measured the XMCD-PEEM images
and XMCD spectra. In addition, we measured the depth profile of XPS spectra for some
systems comprising 30-nm-thick Ni layer deposited onto LiNbOs, Si, and SiO,/Si substrates.
Figure 1(b) presents a typical depth profile of XPS for the Au-cap/Ni/SiO,/Si system. By
comparing the data obtained from some systems, we found that the XPS peak of Ni shifted
near the interface between Ni layer and LiNbO3 substrate. By comparison of some XPS
depth profiles and spectra, these XPS peak shifts are attributed to the modulation of
electronic state distribution near the interface through magnetoelastic, magnetostriction,
and interference effect. In addition, combining the XMCD-PEEM observation and XPS
measurements, we found that the heterostructure can induce the uniaxial magnetic
anisotropy in the Ni layer on the LiNbO3 substrate and control the magnetic domain

structure.

Thus, the material design by the introduction of heterojunction opens a door to develop and
create novel artificial materials and to investigate the new magnetic properties.
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1

Considerable research has been conducted on rare earth-transition metals (RE -TM) alloys
including the bulk perpendicular magnetic anisotropy (PMA) and most recently associated
with spin-orbit torque investigations [1]. The PMA is hosted in the amorphous
microstructure of this ferrimagnetic system and hence can be affected by details of the
deposition technique [2] and is linked to bond orientation anisotropy [3]. Here, with the
addition of B to the TM, we further engineered the amorphous base to develop the PMA and
report the magnetisation behaviour and the anomalous Hall effect (AHE).

Here we studied thin film stacks of Ta (5nm)/RE-TM (t)/Ta (1nm) as a function of RE
concentration and film thickness. Samples were prepared by co-sputtering of two targets on
oxidized Si substrates. The RE element used was Gd, while the TM elements studied was
CoyoFegoByo, which is commonly used in spintronic applications. Room temperature

magnetisation was investigated with longitudinal and polar magneto-optical Kerr effect
(MOKE) magnetometry. The AHE was measured with magnetotransport. Sample
composition was confirmed with energy dispersive x-ray spectroscopy (EDX) and sample
structure (thickness, density and roughness) was studied using x-ray reflectivity.

Figure 1 shows the development of the anisotropy in the CoFeBGd system with Gd
concentration. Below 20.4 atomic% Gd, magnetization was in-plane and above this an out-
of-plane component develops. Between 21.3% and 22.5%, the magnetization was only out-
of-plane and between 22.5% to 24.1% Gd an in-plane contribution develops and above
which samples have only in-plane anisotropy. Between 20.4 - 24.1 % Gd (shaded region
in figure 1a) shows PMA with low switching fields (< 500 Oe) in both MOKE and Hall effect
measurements. No magnetic response was observed at the compensation at about 21.9 %
Gd, which is typical of ferrimagnets [4]. Thickness dependent measurements for 22.4 % Gd
shows differences in switching fields between Hall and MOKE methods and a peak in the
switching field between 20-30 nm, while the AHE resistivity increased rapidly with thickness
up to 20 nm and continued to rise more slowly up to 100 nm.

[1] J. Finley and L. Liu, Phys. Rev. Appl. 6, 054001 (2016)
[2] S. Mallik and S. Bedanta, Jour. Of Mag. and Mag. Mat. 446, 270 - 275 (2018)
[3] H. Fu and M. Mansuripur, Phys. Rev. B 44, 13 (1992)

[4] R. Mishra et al, Phys. Rev. Lett. 118, 167201 (2017)
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We develop a framework of applying Machine learning models targeted to fast screening
new stable crystal structures for Fe-Nd-X compounds with (X=B, N, O, C). Start from 5976
existed structures from rare-earth transition binary compounds in Open Quantum database
[1], we create candidates for the structure of Fe-Nd-X compounds by substituting transition
metal sites with Fe, rare-earth sites with Nd. Two approaches are applied to the created
structures to estimate their stability: (1) fast screening by Kernel ridge regression, logistic
regression and decision tree models which are optimized on the existed stable structures
data set and (2) density functional theory (DFT) calculation for final verification. The phase
stabilities of these new structures are evaluated from the phase diagram obtained by
existed structures. As a result, among 60 candidates that pass through the logistic
regression filter, we found 32 new compounds which are validated the stability by DFT
calculation. Comparing to the ground truth of 37 stable structures found by applying the
DFT calculation exhaustively, the logistic regression filter obtained a recall score of 86.5%.
The obtained results show a high potential of applying Machine learning methods in
screening new stable structure by the substitution strategy.

Reference:

[1] Saal, J. E., Kirklin, S., Aykol, M., Meredig, B., and Wolverton, C. "Materials Design and
Discovery with High-Throughput Density Functional Theory: The Open Quantum Materials
Database (OQMD)", JOM 65, 1501-1509 (2013). doi:10.1007/s11837-013-0755-4
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The high-entropy alloys Al,CrFeCoNi exist for concentrations of Al varying in a broad

interval (0 < x < 2). Their structure is changed with increasing Al content from the fcc to
bcc phase [1], [2]. Using the first-principles calculations (TB-LMTO-CPA) [3] we investigated
the effect of varying Al concentration on their magnetic properties (mainly the magnetic
moments on individul alloy components) and on transport properties including the residual
resistivity, the spin-disorder resistivity, the anisotropic magnetoresistance, and the
anomalous Hall resistivity [4]. We made a detailed comparison of theoretical results with
available experimental data and have found a generally good agreement. In particular, the
calculated residual resistivity of the bcc phase agrees perfectly with experiment for all
studied alloy compositions. On the other hand, additional non-intrinsic electron scattering
mechanisms are present in the fcc phase which deserve further examination.

[1]T. Zuo, et al., Tailoring magnetic behavior of CoFeMnNiX (X = Al, Cr, Ga, and 5n) high-
entropy alloys by metal doping, Acta Mater. 130 (2017) 10-18.

[2] H.-P. Chou, et al., Microstructure, thermophysical and electrical properties in
Al CoCrFeNi (0<x<Z2) high-entropy alloys, Mater. Sci. Eng. B163 (2009) 184-189.

[3]11. Turek, V. Drchal, J. Kudrnovsky, M. Sob, and P. Weinberger, Electronic structure of
disordered alloys, surfaces and interfaces, Kluwer, Boston-London-Dordrecht, 1997.

[4]11. Turek, J. Kudrnovsky, and V. Drchal: Ab initio theory of galvanomagnetic phenomena
in ferromagnetic metals and disordered alloys, Phys. Rev. B 86 (2012) 014405.
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Laves phase AB> compounds form the largest group of intermetallic phases. In this work we
focus on the pseudo-binary Laves phase system Y(Fe;_,Coy),. These alloys have recently
attracted much attention due to their extraordinary magnetic properties [1-4] and
capability to absorb hydrogen. Furthermore, YCo, alloys with rare-earth elements R1_,Y,Co>
(R = Er, Gd) are considered as magnetocaloric materials for application in magnetic
refrigerators. Whereas DyFe,/YFe; magnetic thin films have been investigated as reversible
magnetic exchange springs.

We investigated theoretically and experimentally the concentration dependent magnetic
phase transition in Y(Fe1_,Coy), pseudobinary Laves phase system. The experimentally
observed maximum in a dependence of electronic specific heat coefficient y versus Co
concentration x was explained within the local density approximation (LDA). A critical Co
concentration at which a ferromagnetic-non-magnetic phase transition occurs does not
coincide the maximum in y. Previous experimental studies have shown that a similar
situation takes place also for Zr(Fe;_4Coy)>.

The main result are the calculated and measured dependencies of y(x) showing a
maximum on the Co-rich side of Y(Fe;_,Coy), phase. The calculated with LDA-VCA
maximum in y occurs at X j,ax ~ 0.91, while the ferromagnetic-non-magnetic phase
transition takes place at critical Co concentration Xt ~ 0.925. The rather unexpected
observation that x 5x # X¢rit Was explained based on the evolution of the electronic band
structure with x. We investigated also how the Fermi surface, density of states, and
magnetic-non-magnetic energy difference vary with x around the x.;. For the first time we

also showed the DOS at the Fermi level as function of the fixed spin moment. Furthermore,
using the CPA and ordered compound methods we calculated the basic magnetic properties
of Y(Fe;_4xCoy)> in the whole range of concentrations.

We conclude that the picture of the ground state electronic structure within the LDA is
sufficient to model the magnetic transition and to explain the origins of the maximum in
Y(x). The experimental examination of y versus x on the Co-rich side of the Y(Fe;_,Coy)>
phase revealed a shift of Xmax-exp IN cOMparison to the theoretical xyax. We suggest it is
due to presence of structural disorder in our samples, inducing the long range magnetic
ordering for x > Xt but also theoretical result suffers from limitations of LDA and VCA.

[1] Z. Sniadecki, M. Werwinski, A. Szajek, U.K. RéRler, B. Idzikowski, Induced magnetic
ordering in alloyed compounds based on Pauli paramagnet YCo», J. Appl. Phys. 115 (2014)
17E129.

[2]1 N. Pierunek, Z. Sniadecki, M. Werwinski, B. Wasilewski, V. Franco, B. Idzikowski, Normal
and inverse magnetocaloric effects in structurally disordered Laves phase Y;_,Gd,Co5 (0 <
x < 1) compounds, J. Alloys Compd. 702 (2017) 258-265.

[3] Z. Sniadecki, N. Pierunek, B. Idzikowski, B. Wasilewski, M. Werwinski, U.K. RéBler, Y.
Ivanisenko, Influence of structural disorder on the magnetic properties and electronic
structure of YCo,, Phys. Rev. B. 98 (2018) 094418.

[4] B. Wasilewski, W. Marciniak, M. Werwinski, Curie temperature study of Y(Fe;.,Coy)> and

Zr(Feq.4Coy), systems using mean field theory and Monte Carlo method, J. Phys. D: Appl.
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Rare-earth based Kondo systems generally involve Yb or Ce alloyed with non-magnetic
elements. These alloys may present interesting physical properties such as intermediate
valency, heavy fermion behavior, non-conventional superconductivity, quantum criticality
[1]. In recent years, we have evidenced the very unusual physical properties of Yb in
YbMnGeg_Sny, including high temperature magnetic ordering of intermediate valence Yb

(upon to 125 K), unusual thermal dependence of the Yb valence for intermediate Sn
contents, and Yb magnetic instability occurring at quite low Yb valence (uy, = 2.75) [2,3].

Most of these scare behaviors have been ascribed to the strong exchange field produced by
the 7= Mn sublattice at the Yb site. For a better understanding of the role of the 7
exchange field, we are investigating the new YbMng_,Fe,Geg.,Sny alloys. The Fe doping

favors antiferromagnetic ordering of the 3d (= Mn/Fe) sublattice and is thus expected to
progressively reduce the exchange field at the Yb site. As a first step of this study, we will
present results obtained on the YbMng_,Fe,Sng series, using AC / DC magnetization

experiments, neutron diffraction as well as pressure dependent X-ray absorption and XMCD
experiments at the Yb L;;; edge. In particular, we will show that for some compositions,

pressure may induce two Yb magnetic instabilities likely associated with quantum critical
effects.

[1]]). Flouquet and H. Harima, arXiv :0910.3310.
[2] T. Mazet et al., Phys. Rev. B 92 (2015) 075105.

[3] L. Eichenberger et al., Phys. Rev. B 96 (2017) 155129.
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The nano-island hard magnetic L15-Phase FePt thin films were prepared on MgO(100) and

LSAT (100) substrate by magneto co-sputtering at 800°C. The chemical ordering is
improved by heat-treatment and reduction of tensile strain between film and substrate as
proved by x-ray diffraction, and high-resolution electron microscopy. The influence of high
chemical ordering on the magnetic properties were studied by superconducting quantum
interference device (SQUID). With higher crystalline structure, the coercivity of L13-FePt

increases up to 6 T. The magnetic saturation polarization exceeds 1.8 T supported by a 3
nm Au layer resulting in an extremely high maximum energy product of 80 MGOe at room
temperature, which exceeds the record for NdFeB by 30 %. In addition, we verified this
exceptional magnetic performance by x-ray absorption spectroscopy/x-ray magnetic
circular dichroism (XAS/ XMCD) studies showing a strong increase of the Fe magnetic spin
and orbital moments in the FePt L1j-phase by spin polarized electron transfer. Our result
on the high performance nano-sized hard magnetic components will also open up a new
paradigm of room temperature spintronic devices, information technology, micro-robotics
and medicine based.
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Ferrimagnetic intermetallic compounds based on rare-earth and transition metals are not
only attractive for potential application as permanent magnets but also from the
fundamental viewpoint due to the complex interplay between itinerant 3d and localized 4f
electrons. In particular, RFesAl; with heavy rare-earth elements shows interesting magnetic

properties characterized by competitive exchange and anisotropy interactions. Field-
induced first-order phase transitions have been observed in macroscopic measurements of
TmFesAl; in high magnetic fields [1]. This is expected to reflect simultaneous stepwise

rotations of two nonequivalent sublattice magnetizations as is indirectly observed in
HoFesAl; [2]. However, it has been challenging to directly access the magnetic orbitals in

such high fields. Here, we present the direct observation of the evolution of each sublattice
magnetization along with the external fields for TmFesAl;, which gives a microscopic

picture of the field-induced phase transition. We performed soft x-ray magnetic circular
dichroism (MCD) measurements in pulsed magnetic fields at the Fe L, 3 and Tm M, 5 edges.

We observed the pronounced variations of the MCD spectra near the critical field.
Furthermore, magneto-optical sum rules were applied for extracting the spin and orbital
contributions. We succeeded in fully revealing the magnetic structure along the field
direction from a collinear ferrimagneic state into the forced-ferromagnetic state through a
canted structure. Additionally, our microscopic data made it possible to simulate the
magnetization process and extract the anisotropy constants of TmFegAl;.

[1] D. I. Gorbunov et al., Phys. Rev. B 89, 214417 (2014).
[2] D. I. Gorbunov et a/., Phys. Rev. Lett. 122, 127205 (2019).
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Rare earths (R), a crucial component of high-performance permanent magnets, have been
marked as “critical raw materials” by the European Commission and the U.S. Department of
Energy. Currently, there is an intense research effort to develop R-free/lean magnets as
alternatives to Nd-Fe-B (2:14:1 phase) and Sm-Fe(Co) (1:5 phase) magnets. Promising
candidates are the R-Fe 1:12 compounds, having the tetragonal ThMn;,-type structure, as

this is the most R-lean structure known to form in the (R, Fe)-based compound family.
Although R-Fe;> alloys are not thermodynamically stable, R-based compounds have been

synthesized in bulk and thin film form, utilizing a third element (usually a light transition
metal, e.g. Ti, V, or Al) to stabilize the ThFe,, type structure [1, 2, 3, 4]. In most of the

studies, Nd or Sm is usually used as R. However, Nd requires nitrogenation for obtaining
uniaxial anisotropy and this additional process step increases the possibility of the ThMn;>

phase to decompose. Thus, in this work we will present the study of magnetron sputtered
SmFeq4V films, deposited on pre-heated amorphous SiO,/Si, monocrystalline MgO(001), or

polycrystalline Ta-foil substrates. X-ray diffraction, scanning electron microscopy, and
vibrating sample magnetometry are employed for obtaining the film crystal structure,
surface morphology and magnetostatic properties. The process parameters (deposition
temperature, process gas pressure, thickness) are optimized for obtaining the tetragonal
ThMn1>-type crystal structure and minimizing the parasitic a-Fe phase. For optimum

deposition conditions onto amorphous SiO,/Si substrates, a magnetic coercivity in excess of
7 kOe (see figure) is obtained and the films are shown to have primarily the ThMn> crystal
structure with crystallites textured along the (001) direction. Finally, the effect of V addition

is studied and the minimum percentage for obtaining uniaxial anisotropy is determined. A
detailed structural, microstructural, and magnetic characterization study of the system will
be presented.
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The details of structural and magnetic properties of grain boundary (GB) phases has
become one of the important issues in the field of application of permanent magnets. In
particular, we targeted the amorphous structure appearing at the grain boundary phases
appearing in the experiment [1].

In order to clarify the structural and magnetic properties of the amorphous grain boundary
phases, we performed first principles calculation of Nd-Fe amorphous alloys having different
Nd composition ratios using OpenMX [2].

From the structural analysis of amorphous Nd-Fe alloy, it was shown that the Gabriel graphs
represent the first nearest neighbor networks well in the examined amorphous systems [3].
We also calculated the exchange coupling constants between two atoms in the Nd-Fe
amorphous using Liechtenstein method [4]. We obtained strong distance dependences and
fluctuations of exchange coupling constants and Curie temperature which reaches
maximum at around the Nd composition ratio of 50 %. These features indicate the
complexity of the nature of amorphous magnetism. In the presentation, we will also discuss
the relationship between the exchange coupling constants and coordination structures.

[1] T. T. Sasaki et al., Acta Mater. 115, 269-277, (2016).

[2] T . Ozaki, Phys. Rev. B 67, 155108 (2003).

[3] A. Terasawa et al., ). Chem. Phys. 149, 154502, (2018).

[4] A. I. Liechtenstein et al., J. Magn. Magn. Mat. 67, 65-74 (1987).
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MAX-phases are the relatively new class of compounds with the common M, 1AX,

chemistry where M is an early transition metal, A is an A-group element and X is either C or
N. Due to the natural nano-lamellar crystal structure MAX-phases combine metallic and
ceramic properties such as high values of electronic and thermal conductivity, easy
machinability, good tolerance to oxidation, mechanical damages and thermal shock. The
major part of MAX-phases are paramagnets although some representatives such as (Cr;.

«Mny)>AIC were anticipated to possess the long-range magnetic ordering. Magnetism of

MAX-phases is strongly correlated to the phase purity of the samples which is especially
crucial for the bulk ones as the bulk synthesis techniques are frequently deficient to obtain
the necessary quality. Besides, it’s problematic to successfully include dopant element, for
example manganese, to the MAX-phase structure as the solubility limit is low for the major
part of synthesis techniques.

Herein we observe how the initial method of the bulk MAX-phase synthesis, the arc melting
technique, can be optimized for the sake of producing almost phase-pure samples of (Crq.

«Mny)>AIC MAX-phase. The optimization procedure was conducted in three steps. On the
first step, CryAlIC MAX-phase samples with different initial components stoichiometry

(2Cr:xAl:C, where x = 1 - 1.5) were produced in order to get the pure MAX phase. On the
second step, other parameters of the synthesis process such as the pressure in the melting
chamber and annealing time were taken into account and precisely investigated. On the
third step, manganese was added to the initial powders mixture as the dopant element in
order to explore its solubility limit and to prove the sufficiency of its incorporation to the
MAX-phase structure. All the samples were investigated by means on the XRD and SEM-EDX
analysis to both quantitatively and qualitatively observe their phase composition.

The final series of (Cry_xMny),AIC MAX-phase samples with x = 0, 0.025, 0.05 and 0.1 was

produced by means of the fully optimized arc melting technique. Their structural properties
and phase purity was also confirmed using XRD and SEM-EDX techniques. Their magnetism
was explored by SQUID magnetometry. Magnetization (M) vs the applied field (H) curves
taken at the room temperature and at 2 K both with the M vs temperature (T) dependency
in the range from 2 K to 350 K revealed the canted antiferromagnetic (AFM) state in the
whole range of the studied temperatures. Manganese was successfully included to the MAX-
phase structure and enhanced the net magnetic moment although not changing the
resulting type of magnetic ordering. This result opens the way to further tune the magnetic
properties of (Cr;_,Mny)>AIC MAX-phase and to possibly trigger the theoretically predicted

AFM-FM transition which makes this compound promising for the variety of practical
applications.
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Although RCos (R=Rare-Earth) alloys with the CaCus-type structure are stable and can be

processed to make magnets with energy products in the range of 20-25 MGOe, their Fe
counterparts with the same structure in bulk form are thermodynamically unstable [1].
Indications of stabilization in thin films were reported by [2,3]. In such structures the R
occupy the 1la site while the transition metal ions occupy two crystallographically different
sites, 2c and 3g, in the space group P6/mmm. Ab-initio calculations have been performed
by a number of groups [4] on the hypothetical 1:5 structure and have derived the
crystallographic and magnetic properties of these alloys, which if they can fabricated
will have interesting properties for permanent magnet applications. Previous efforts to
substitute Co with Fe slightly improved the magnetization but the substitution is limited to
less than 10 % [5]. In this work we will present data based on the high entropy alloy
concept of the transition metals FesCo-(Ni,Cu) [6]. In Fig.1 we are describing our approach

for obtaining the SmFe3Co-(Ni,Cu) by considering the heat of formation and the valence
concentration of stable compound like SmNis SmCos and SmCus, which together with the
structural factor lead to the series SmFe3{Co;_4(Ni,Cu),}. Long time annealing is needed to

allow the diffusion of Co,Ni and Cu elements to occupy the remaning 2c sites.
Crystallographic and magnetization data will be presented.
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0106 - Tuning of austenite-martensite fraction on transport and
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7. Magnetism in alloys and intermetallics
Tapan Kumar Nathl, Tanmay Chabri!
1 Department of Physics, Indian Institute of Technology Kharagpur, 721302, W.B., INDIA

The structural, magnetic and electronic transport properties in the disordered
Nigz5 5Mnyg3 55n1; magnetic shape memory Heusler alloy system have been studied in

details by X-ray diffraction, magnetization and resistivity measurements. The high
temperature austenite phase has cubic L2; structure with lattice constant 6.050 A. First

order martensite phase transition has been clearly observed at around 270 K from
magnetization and resistivity measurements [Fig 2]. Magnetization and electronic transport
measurements under high magnetic field have been performed in order to investigate field-
induced effect on martensite transformation [Fig. 5]. From the thermo-magnetization
curves it is seen that martensite transition temperature shifts by 2.4 K towards lower
temperature with the application of only 1 T magnetic field. Temperature dependence of
austenite phase fraction in the vicinity of the martensite transition is estimated from the
isothermal magnetization versus magnetic field curves. Field-induced transformation of
martensite state into austenite phase and arrest of austenite phase in the martensite phase
observed from both magnetization and electronic transport behaviors in the vicinity of
martensite transition are possibly related to the dynamics of the coexisting phase fractions.
The tuning of the coexisting austenite and martensite phase with external parameters like
magnetic field and temperature is found to be very important for comprehensive
understanding of physical properties of a multicomponent system.
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Mn-based alloys have been proposed as viable candidates [1, 2] for several applications
comprising energy, transport and electronic systems. In particular, the low temperature
phase MnBi (LTP-MnBi) is a ferromagnetic intermetallic compound that is attracting
increased attention due to its outstanding properties, such as a large magnetic anisotropy

(1.6 MJ)/m3), a theoretical (BH),,5x Of 20 MGOe and a high Curie temperature of 711 K. On

top of those properties, MnBi stands out for its unusual positive temperature coefficient,
resulting in an increased coercivity of the LTP-MnBi when increasing the operational
temperature (interesting for high temperature applications). Despite these exceptional
perspectives, experimental results are still distant from theoretical estimations in many
aspects, e.g., an optimized combination of magnetization and coercivity [3-5]. The study of
MnBi thin film systems may provide insight on the mechanisms behind magnetization and
coercivity development. Moreover, the possible control of the magnetic anisotropy in thin
film systems is of interest for applications in diverse spintronic devices.

In this study, we investigate the correlation between morphological, microstructural and
magnetic properties. We demonstrate the control of the orientation of the magnetic
anisotropy (perpendicular or parallel to the film plane) in MnBi thin films. The study has
been done systematically by changing the deposition temperature (Tp) from room

temperature to 473 K (every 50 K) in the preparation of MnBi thin films (60 nm thick) grown
by magnetron sputtering onto glass substrates followed by in-situ annealing.

X-ray diffraction (XRD) indicates well-oriented LTP-MnBi with its hexagonal c-axis
perpendicular to the film plane (thus with out-of-plane magnetocrystalline anisotropy) for
Tp below 473 K. For Tp=473 K the LTP-MnBi films grow with the c-axis parallel to the film

plane (thus providing in-plane anisotropy). Accordingly, the choice of Tp affects the

magnetic response, as exemplified by the room temperature hysteresis loops shown in Fig.
1la for two films grown at 323 and 473 K, displaying coercivity values of 4.3 kOe (out-of-
plane) and 16.0 kOe (in-plane), respectively. Among the films exhibiting a well-defined out-
of-plane magnetic anisotropy, the maximum RT coercivity (9 kOe) was obtained for the film
grown at Tp=373 K. As a consequence of the positive temperature coefficient of the LTP-

MnBi the coercivity increases up to 19.3 kOe measured at 400 K for the film grown at 473 K
(see Fig. 1c).

It is worth mentioning that the deposition temperature dramatically influence