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Advanced Functional Magnetic Microwires with Amorphous and
Nanocrystalline Structure for Technological Applications

A. Zhukov'2%, M. Ipatov'?, P. Corte-Ledn', A. Gonzalez', J.M. Blanco? and V.

Zhukova'?

1Dept. Advanced Polym. Mater,Univ. Basque Country, UPV/EHU San Sebastian 20018, Spain
2Dept. Appl. Phys., Univ. Basque Country EIG, UPV/EHU, 20018, San Sebastian, Spain
3IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain

4EHU Quantum Center, San Sebastian, Spain

Abstract

Amorphous magnetic wires have attracted great attention owing to their superior soft magnetic, mechanical
and corrosion properties. Excellent magnetic properties such as fast magnetization switching related to
magnetic bistability or Giant Magnetoimpedance (GMI) effect are suitable for magnetic sensors applications
[1]. Recent tendency in devices miniaturization stimulated development of thin (few m diameters) microwires
[1,2]. Better magnetic softness and higher GMI effect have been reported in Co-rich amorphous microwires,
while Fe-rich amorphous microwires exhibit spontaneous magnetic bistability related to remagnetization
process through fast domain wall propagation [1,3]. Less expensive Fe-rich microwires are preferable for
the applications. However, amorphous Fe-rich materials exhibit rather high magnetostriction coefficient and
consequently present quite low GMI effect.

Accordingly, we designed the post- processing allowing further optimization of magnetic properties of Fe- and
Fe-Co based glass-coated microwires [1]. Conventional annealing allows considerable improvement of domain
wall dynamics in Fe-rich microwires and slight decrease of coercivity, however remarkable magnetic hardening
is observed after conventional furnace annealing of Co-rich microwires. Stress annealing of Fe-rich microwires
allows considerable magnetic softening and GMI effect enhancement and even more remarkable improvement
of domain wall dynamics. In Co-rich microwires stress-annealing allows improvement of GMI effect and even
induction of transverse magnetic anisotropy at high enough annealing temperature, however the highest
GMI effect is observed for stress-annealed Co-rich microwires which present rectangular hysteresis loops.
Consequently, annealed Co-rich microwires can present both fast domain wall propagation and GMI effect.

For interpretation of observed changes of hysteresis loops after stress annealing we considered internal
stresses relaxation and different mechanisms of stress-induced anisotropy. Observed versatile properties of
properly processed glass-coated amorphous microwires with enhanced and tuneable soft magnetic properties
make them suitable for various applications.

Keywords
Soft Magnetic Materials; Amorphous Microwires; GMI Effect; Domain Walls.
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Novel Tetragonal (L1)) Magnets

lan Baker*
Thayer School of Engineering, Dartmouth College, Hanover, NH 03755, U.S.A.

Abstract

Demand for high-performance permanent magnets for motors is increasing rapidly for applications such as
wind turbine generators and motors in electric and hybrid cars. Sm-Co and Nd-Fe-B magnets are generally
used for such challenging applications. While these rare earth (RE) magnets have the highest energy product
(BH)max of any material, they are not without problems such as corrosion and brittle fracture. Other impor-
tant issues are that over 95% of REs are produced in one country, and there has been substantial price vola-
tility with RE elements. Finally, RE mining has been associated with severe environmental degradation. Here
we discuss two tetragonallL10-structured materials that could replace RE magnets NiFe and MnAl. Both have
long been identified as potentially-commercially useful, low-cost permanent magnets that could replace RE
magnets, but there are problems associated with both. For NiFe, the issue is that the transformation from the
high temperature f.c.c. phase to the Llo-structured phase occurs at around 600 K and, thus, is exceedingly
slow. For tau MnAl, which is metastable, the issue is that researchers have shown, using different processing
methods, high saturation magnetization or high coercivity but not both simultaneously. In this presentation, we
will review previous efforts to produce these magnets and describe our efforts at alloying, based on ab initio
calculations, and novel processing (equal channel angular extrusion, electropulse annealing) to produce the
magnets. Funding was provided by the U.S. National Science Foundation, the Irving Institute for Energy and
Society at Dartmouth.

Biography: lan Baker obtained his BA and D. Phil in Metallurgy and Science of Materials from the University
of Oxford. He is the Sherman Fairchild Professor of Engineering and Senior Associate Dean for Research and
Graduate programs at the Thayer School of Engineering, Dartmouth College. He has published 400 papers
and given over 300 presentations at universities, conferences and in industry, of which 180 were invited. He is
a fellow of ASM, TMS, IOM3, MRS and AAAS. He was Editor-in-Chief of the journal Materials Characterization
from 2008-2020. He is currently co-Editor in Chief of the journal High Entropy Alloys and Materials and Field
Chief Editor for the Journal Frontiers in Metals and Alloys both of which were launched in 2022. He has pub-
lished over 400 papers and one book entitled “Fifty Materials that Make the World”.
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Progress of Spintronics with 2D Materials

Yongbing Xu*

Nanjing-York International Center in Spintronics and NanoEngineering,
Nanjing University, Nanjing 210093, China; and

York University, York YO10 5DD UK

Abstract

The discovery of two-dimensional (2D) magnets opens the door for fundamental physics and next-generation
spintronics. Here, we report our recent studies of the manipulation of the spin ordering in two prototype
systems Fe3GeTe2 (FGT) and CrTe2, focusing on the enhancement of spin-ordering temperatures and new
spin structures. We have found that the femtosecond pulsed laser can drive the emergence of ferromagnetism
at room temperature in a few monolayers of FGT [1]. Both the saturation magnetization and the coercivity is
strongly modulated by the excitation intensity of the femtosecond pulsed laser. The emerging room-temperature
ferromagnetism is attributed to change of the carrier concentrations caused by the optical doping effect,
which shifts the Fermi level to different density of states. In CrTe2, we have found that the bilayer graphene
substrate can lead to room temperature intrinsic ferromagnetism with a Curie temperature (TC) above 300 K
and perpendicular magnetic anisotropy (PMA) constant of 4.89x105 erg/cm3 at room temperature in these
few-monolayer films grown by MBE [2]. The FM order is preserved with the film thickness down to a monolayer,
benefiting from the strong PMA and weak interlayer coupling. With the strong spin-orbit coupling in Bi2Te3,
we have obtained a giant THE signal of 1.39mW/[fcm in the van der Waals heterostructures of CrTe2/Bi2Te3, a
prototype of two-dimensional (2D) ferromagnet (FM)/topological insulator (TI) [3]. Moreover, the engineering
of the antiferromagnetic (AFM) interlayer exchange coupling between atomically thin FM CrTe2 layers in
the 2D magnetic crystal, Cr5Te8 is realized [4]. By self-introducing interstitial Cr atoms in the vdW gaps,
the emergent AFM ordering and the resultant giant magnetoresistance effect are induced. A large negative
magnetoresistance with a plateau-like feature is revealed, which is consistent with the AFM interlayer coupling
between the adjacent CrTe2 main layers in a temperature window of 30 K below the Néel temperature. We
will also report our further studies of the dynamics process of the spin ordering in these 2D magnetic systems.

Keywords
Spintronics; 2D Magnet; AFM Ordering.
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Rapid Quenched Soft Magnetic Ribbons for Power Electronics

Motoki Ohta*
1Shimane University NEXTA, 1060 Nishikawatsu, Matsue, Japan
2PROTERAL Ltd., 1240-2 Hashimacho, Yasugi, Japan

Abstract

Almost half century has passed since the amorphous ribbon fabricated by rapid quenching technique was
developed. One of the most commercially successful applications would be an Fe-based amorphous alloy
ribbon used in distribution transformers. The Fe-based amorphous alloy ribbon exhibits very suitable soft
magnetic properties for this application such as low core loss with relatively high Bs of at around 1.6 T.1)
There is demand of using this amorphous alloy ribbon in motor cores. However, there is big challenge to
commercialize this application. The amorphous alloy ribbon exhibits high hardness as approximately 900 Hv.2)
Moreover, the thickness of the ribbon is approximately 25-30 mm which makes difficult to make complicated
core shape by punching process. However, if this process could be successfully accomplished, the motor
with this core will exhibit unique characteristics. Especially, suppression of eddy current loss will enable rising
the driving frequencies up to several kilohertz. This will help rising the rotation speed of the motor axis or
also rising the torque of the axis. Namely, it will improve the power density of the motor. There is demand of
improvement of power density of devises for inductors in power electronics as well. For this application, the
Fe-based amorphous alloy will be one of candidates while Fe-based nanocrystalline alloy ribbons could be
another candidate. Fe-based nanocrystalline alloy ribbons are fabricated by rapid quenching technique and
amorphous phase is obtained at the as-quenched state. An annealing is applied for the nanocrystallization.
There is also a composition that can reduce magnetostriction by half while increasing Bs compared to Fe-
based amorphous alloys, and using this has the potential to improve the performance of inductors at medium
frequencies.3) If magnetostriction can be lowered, megahertz switching will become possible and higher
power densities will be achieved.

Keywords
Rapid Quenched Ribbon; Fe-Based Amorphous Ribbon; Fe-Based Nanocrystalline Ribbon; Motor.
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Magneto Optic Imaging Film (MOIF) Technique: Latest Advances
and Applications

Lev Dorosinskiy*
National Metrology Institute, Turkey

Abstract

Magneto Optic Imaging Film (MOIF) technique was developed in the early 1990’s to study the penetration
and behaviour of magnetic flux in high temperature superconductors. In first studies, films with perpendicular
magnetic anisotropy having a labyrinth domain structure were used. Later, films with in-plane anisotropy
having no magnetic domains were developed. The magneto optical Faraday effect arises in such films due to
the rotation of magnetization vector away from the film plane under the effect of external magnetic field. This
Faraday rotation produces an optical image in crossed polarizers and, by measuring the light intensity using
digital cameras of photomultiplier tubes, one can convert the local magnetic flux density into an electrical
signal. Thus, not only qualitative observations can be done but numerical maps of the local magnetic flux
density can be obtained. Due to the absence of domains and zero of coercivity for the magnetization rotation
process, a high sensitivity of the order of 10 mT and a high spatial resolution near the optical resolution limit
can be achieved in such measurements. However until recently, the exact calibration of the magneto optical
signal with respect to the local magnetic field was not possible because such factors as the effect of the MOIFs
non-zero thickness and the interplay between normal and in-plane field components could not be accounted
for. Our recent metrological studies have solved these issues and have made it possible to perform traceable
calibrated measurements of local magnetic fields using MOIF sensors. In our presentation we show the latest
achievements in understanding the underlying physics of MOIF sensors and in establishing the metrology of
magneto optical measurements. We further demonstrate applications of MOIFs for studies of the magnetic
structure and behaviour of magnetic materials, such as transformer steels, and for the industrial applications,
like calibration of magnetic scales.

Biography

Lev Dorosinskiy was born in Moscow in 1966. He graduated from the Moscow Institute of Steel and Alloys 1989
and began his research career in the Russian Academy of Sciences at the Institute of Solid State Physics. In
1994 he completed his PhD work, which was entitled “Investigation of the defect structure of YBa2Cu307-d
single crystals and its effect on the superconducting properties”. Since 1998 he has been working at the
National Metrology Institute of Turkey, TUBITAK-UME. Lev has 56 publications in peer reviewed journals.
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Magneto-Fluorescence Coupling in Coordination Complex

Zhao-Bo Hu'?, You Song"*

1State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical Engineering, Nanjing
University, Nanjing 210023, P. R. China

2Chaotic Matter Science Research Center, Faculty of Materials Metallurgy and Chemistry, Jiangxi University
of Science and Technology, Ganzhou 341000, P. R. China

Abstract

Fluorescent materials are widely used in LED lighting, biomedicine and other fields. Under magnetic field, some
of them can show magneto-optical properties, such as Zeeman effect, Faraday effect, magneto-optical Kerr
effect, etc. However, the reported compounds with magneto-fluorescence are basically concentrated in pure
inorganic materials. Molecular materials can also exhibit magneto-fluorescent properties, but related research-
es are very rare, mainly because spin often quenches fluorescent properties in coordination complexes. In one
complex, magnetism and fluorescence always seem in conflict with each other. Even though there have been
some molecular magneto-fluorescence materials, most of them are pure organic radicals, and few examples
have been reported. Meanwhile, the materials mentioned above shows that magnetic field stimulation can only
change their fluorescent intensity, while other interesting phenomena relative magnetism are rarely reported.

As is well known, the electronic structure of [MnlICl4]2- can be converted from (t29)3(eg)2 to (t29)4(eg)1 after
being excited by light, thus showing fluorescence properties. Mnll ions have single electrons before and after
excitation. So, the fluorescence of complexes containing [MnlICl4]2- groups may be sensitive to changes of
magnetic fields. Based on this strategy, we studied the magneto-fluorescence coupling under pulsed magnetic
field for a series of the layered perovskite complexes, (NR4)2MnCl4. The experiment shows that not only the
stimulation of the external magnetic field can change the fluorescent intensity of the material, but also the red
shift of the luminescent spectrum can be observed obviously. Even, the magneto-florescent hysteresis can be
generated even under very low field, which proves that these complexes are the candidate material for low
energy consumption magneto-optical devices.

Keywords
Magneto-Optical; Fluorescence; Magnetic; Manganese.
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Dimerization and Magnetization Plateaus in Ni,V,0, Observed at
120 T

Z. W. Ouyang', Y. H. Matsuda

TWuhan National High Magnetic Field Center, Huazhong University of Science and Technology, Wuhan
430074, People’s Republic of China
2Institute for Solid State Physics, University of Tokyo, Kashiwa, Chiba 277-8581, Japan

Abstract

Quantum magnetism and its interplay with topological structure are of particular interesting. Representative
examples are the spin Peierls effect and the formation of clusters in many antiferromagnetic spin systems such
as one-dimensional chain NaTiSi206, triangular lattice LiVO2, kagome lattice LiZn2Mo308, and spinel lattice
MgTi204 driven by particular orbital order. Reduction of dimensionality and clusterization-related physics
renew interests in quantum magnets.

Ni2V207 is a skew chain compound in structure. Magnetically, Ni2V207 is a 3D antiferromagnet with long-
range ordering at TN = 7 K and spin-flop-like transition at low fields. For such a classical antiferromagnet, one
takes it for granted that above the spin-flop transition the magnetization will increase linearly until saturation.
However, we recently observed a wide 1/2 magnetization plateau within 8-30 T, which is difficult to understand.
Puzzled by the wide 1/2 plateau, we have measured the ultrahigh field magnetization of Ni2V207 up to 120
T. Intriguingly, in addition to the wide 1/2 plateau within 11.7-34.8 T, a new and wider 3/4-like plateau within
55.6-87.0 T is observed. With the density function theory, exact diagonalization and quantum Monte Carlo
simulations, the magnetization process can be described satisfactorily, which yields main exchange interactions
— the intrachain J1/kB = -1.0 K, J2/kB = 6.3 K, and the interchain J3/kB = =78.5 K. Thus the skew chain Ni2VvV207
can be described by a “dimer + monomer” model: the 1/2 plateau is due to weakly coupled Ni2 monomers,
while 3/4-like plateau is the result of dimerization of Nil ions originating from large overlap of 3d-orbital along
the Nil-Ni1 bond.

Keywords
Dimerization; Magnetization Plateaus; Skew Chain; 120 T High Field.
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Structure and Magnetism of an Ideal One-dimensional Chain
Antiferromagnet [C_NH_].[Fe(SO,).] with Large Spin of S = 5/2

Zhenxing Wang’, Zhongwen Ouyang
Wuhan National High Magnetic Field Center, Huazhong University of Science and Technology, Wuhan
430074, People’s Republic of China

Abstract

One-dimensional (1D) spin chains have been a lasting research topic due to the diverse magnetic properties.
According to the Haldane’s conjecture, spin energy gaps open in a Heisenberg antiferromagnetic (AFM) spin
chain with integer spins, which were confirmed by earlier model materials with S = 1 such as CsNiCI3 and
Ni(C2H8N2)2NO2(ClO4), and subsequent ANi2V208 (A = Pb, Sr) and Y2BaNiO5. For chain with half-integer
spins, spin gap is absent. Large spin 1D chains are not extensively investigated because quantum magnetism
in these systems decays with increasing S and even a very small interchain interaction can stabilize long-range
AFM ordering.

We report an S = 5/2 linear chain antiferromagnet [C2NH8]3[Fe(S04)3] with trigonal lattice (space group R3c)
using the traditional solvothermal method. The magnetic susceptibility §(T) curve exhibits a broad maximum at
Tmax =18 K with the Curie-Weiss temperature JCW = -25.5 K, showing dominant antiferromagnetic interaction.
However, no long-range magnetic ordering is observed down to 2 K. High-field magnetization at 2 K increases
nearly linearly until saturation at 30 T. Zero-field spin gap is absent in the high-field ESR spectra. Ratio of
interchain to intrachain interactions is determined as Ji/J < 2.5x10-3. Thus, [C2NH8]3[Fe(S04)3] is an ideal 1D
uniform linear-chain antiferromagnet.

Keywords
Spin chain; Heisenberg Antiferromagnetic; Large Spin; High-Field ESR.
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Novel Sensing Technique for Non-Destructive Composites Moni-
toring

V. Zhukova %3, P- Corte-Leon 23, A. Allue 4, K. Gondra 4, M. Ipatov 2, J. M.
Blanco 23, J. Gonzalez'?? and A. Zhukov 23>

1 Dept. Polymers and Adv. Mater. , Faculty of Chemistry, University of Basque Country, UPV/EHU, 20018 San
Sebastian, Spain

2 Department Applied Physics |, Escuela Ingeneria de Gipuzkoa EIG, University of Basque Country, UPV/EHU,
Plaza Europa 1, 20018, San Sebastian, Spain

3EHU Quantum Center, University of the Basque Country, UPV/EHU, Spain

4 Gaiker Technological Centre, 48170 Zamudio, Spain

5 IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain

Abstract

The real time non-destructive monitoring of stresses and temperature is one of the most demanded solutions
in the field of sensor technologies. One of the most prospective technologies addressing this problem is a
novel sensing technique for non-destructive monitoring utilizing ferromagnetic wire inclusions presenting the
high frequency Magnetoimpedance, Ml, effect quite sensitive to tensile stress and magnetic field [1]. One of the
advantages of this technology is that proposed free space microwave spectroscopy allows remote monitoring
of external stimuli, like stress, magnetic field or temperature.

The glass-coated microwires with typical diameters from 1to 50 fm can provide new functionalities such as
improved mechanical and corrosive properties, adherence with polymeric matrices and biocompatibility [2].

In the present paper a novel sensing technique for direct non-destructive and non-contact monitoring of the
composite polymerization utilizing ferromagnetic glass-coated microwire inclusions with magnetic properties
sensitive to tensile stress and temperature is described. We provide in-situ studies of the evolution of the
hysteresis loop of arrays consisting of Co- rich (Fe3.8C065.4Ni1B13.8Si13M01.35C1.65) microwires during the
composites matrix polymerization. We observed remarkable change of the hysteresis loops upon matrix po-
lymerization: remarkable coercivity change and transformation of linear hysteresis loop into rectangular in the
arrays with Co-rich microwires placed inside the matrix. Using the free space microwave spectroscopy tech-
nique we observed considerable variation of the Transmission parameter of the microwires array in the range
of 4-7 GHz upon the matrix polymerization. Observed dependencies are discussed considering heating during
the matrix polymerization measured using the thermocouple and the matrix shrinkage and their influence on
magnetic properties and Ml effect of glass-coated microwires.
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Towards Room Temperature Magnets: The Exchange Properties
of d7 Transition Metal Phthalocyanines

James Broadhurst™* , Prof. Nicholas Harrison, Dr. Giuseppe Mallia
Imperial College London, MSRH, 82 Wood Ln, London, W12 OBZ.

Abstract

Owing to their modular nature, thermal and chemical stability and relative ease of fabrication, metal
phthalocyanines have been extensively studied within the context of spintronics. However, their application in
possible devicesis hindered by theirlow magnetic transition temperatures. Alpha phase cobalt (Il) phthalocyanine
has exhibited a much stronger exchange interaction (J / kB = 78 K [1] ) than its 1st row transition metal
counterparts. The underlying interaction is thought to arise from a direct hopping superexchange mechanism,
whereby outof-plane dz 2 derived alg molecular orbitals align antiparallel to one another. By capturing the
interaction dynamics using Hubbard model parameters, directed modifications to the system may be made
in order to raise the magnetic transition temperature. Presented here is a theoretical study in which hybrid-
DFT has been used to evaluate the exchange energy of a set of d7 transition metal phthalocyanines. It has
been shown that by replacing the Co2+ central ion with its 2 nd row analogue rhodium (Rh2+ ), the underlying
exchange interaction within an alpha-phase geometry has been markedly strengthened. The underlying
cause of this increase has been linked to the decrease in the on-site Coulomb repulsion (U) arising from the
occupation of rhodium’s more diffuse 4dz 2 derived singly occupied orbital. The smaller U facilitates a lower
“energy penalty” from double occupation thereby increasing the strength of the superexchange interaction.
The results of this theoretical study present a promising candidate for applications in spintronic semiconductor
materials.
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