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Welcome!!

On behalf of the Organizing and Advisory Committee we take great pleasure in welcoming materials 
scientists, chemists, physicists and experts of application fields for the  Global Summit and Expo on 
Magnetism and Magnetic Materials ( GSEMMM2021). We are opening the conference as a webinar 
and we hope that our conference there will be held with great success.

Global Summit and Expo on Magnetism and Magnetic Materials (GSEMMM2021), which will be held 
during September 20-22, 2021  is now an established event, attracting global participant’s intent on 
sharing, exchanging and exploring new avenues Magnetism and Magnetic Materials and related 
research and latest developments. The event will have 5-6 world level (Highly cited class) plenary 
speakers, established Keynote speakers, active Invited speakers and fresh contributed speakers. 

Progress in GSEMMM2021 is always linked to the progress and welfare of human civilization. 
Future advances in multiple fields of science and engineering critically depends on the availability 
of superior materials. The aim of the GSEMMM2021 is to promote quality research and real-world 
impact in an atmosphere of true international cooperation between scientists and engineers by 
bringing together again the world class researchers, International Communities and Industrial heads 
to discuss the latest developments and innovations in Magnetism and Magnetic Materials.

We sincerely hope that GSEMMM2021 serves as an international platform for meeting researchers 
from around the world, widen professional contact and create new opportunities, including establishing 
new collaborations.

We  look forward to seeing you at GSEMMM2021 webinar.
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A. Zhukov1,2,3*

A. Zhukov1,2,3*, M. Ipatov1,2, P. Corte-León1, J.M. Blanco2 and V. Zhukova1

1Dept. Advanced Polymers and Materials: Physics, Chemistry and Technology, Faculty of      
Chemistry,Univ.  Basque Country, UPV/EHU, San Sebastián 20018, Spain
2Dept. Appl. Phys., Univ.  Basque Country EIG, UPV/EHU, 20018, San Sebastian, Spain
3IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain
* arkadi.joukov@ehu.es

Magnetic Microwires for Sensor Applications

Abstract:
There is a pressing demand to improve the performance of cost-effective soft magnetic materials 
for use in high performance sensors and devices. Magnetic bistability and related fast domain wall 
dynamics or Giant Magneto impedance (GMI) effect are suitable for various magnetic sensors 
applications [1]. Recent tendency in devices miniaturization stimulated development of thin (few 
micrometers diameters) microwires. The impact of post-processing on soft magnetic properties, 
GMI effect and domain wall dynamics of Fe- and Co-based glass-coated microwires is studied. A 
remarkable improvement of magnetic softness and GMI effect is observed in Fe-rich glass-coated 
microwires subjected to stress annealing. Annealed and stress-annealed Co-rich microwires can 
also present a rectangular hysteresis loop and single and fast domain wall propagation. At certain 
annealing conditions such microwires present a high magneto impedance ratio. 

Accordingly, we have identified the routes to obtain microwires with unique combination of magnetic 
properties allowing observation of fast and single DW propagation and GMI effect in the same 
microwire.

Keywords
magnetic microwires; magnetic sensors; giant magneto impedance; domain wall propagation; 
magnetostriction coefficient; magnetic anisotropy 

References
[1] A. Zhukov, M. Ipatov and V. Zhukova, Advances in Giant Magnetoimpedance of Materials, 
Handbook of Magnetic Materials, ed. K.H.J.  Buschow, 24:  2015 ch.2,pp.139-236.
[2] V. Zhukova, J. M. Blanco, M. Ipatov, M.Churyukanova, S. Taskaev and A. Zhukov, Sci. Reports, 
8, 3202 (2018)
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Karyn Le Hur
1CPHT, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris, Route de Saclay, 91128 
Palaiseau, France 
*karyn.le-hur@polytechnique.edu

Magnetism of Spins-1/2 and Fractional Topology of 
Bloch Bands

Abstract
Topological spaces have numerous applications for quantum matter with protected chiral edge 
modes related to an integer-valued Chern number, which also characterizes the global response 
of a spin-1/2 particle to a magnetic field. Such spin-1/2 models can also describe topological Bloch 
bands in lattice Hamiltonians. Here we introduce interactions in a system of spin-1/2s to reveal a 
class of topological states with rational-valued Chern numbers for each spin providing a geometrical 
and physical interpretation related to curvatures and quantum entanglement. We study a driving 
protocol in time to reveal the stability of the fractional topological numbers towards various forms 
of interactions in the adiabatic limit. We elucidate a correspondence of a one-half topological spin 
response in bilayer semimetals on a honeycomb lattice with a nodal ring at one Dirac point and a 
robust pi-Berry phase at the other Dirac point. 

Keywords
Topological Quantum Matter, Spins-1/2 and Entangled Magnetic States, Fractional Topology of 
Bloch bands, bilayer semi-metals

References:
[1] This work is related to our article, Joel Hutchinson and Karyn Le Hur, arXiv: arXiv:2002.11823 
(*) 

Biography:
Karyn Le Hur is a theoretical physicist aiming to answer fundamental questions in physics-related 
interdisciplinary research areas engaging many-body systems, condensed matter, quantum 
information theory, AMO systems and nanoelectronics.
 
She did her PhD thesis at LPS Orsay France (1995-1998) with Bernard Coqblin on Kondo physics. 
Then, she was post-doctoral associate at ETH Zurich in the group of T. Maurice Rice working on 
strongly correlated matter and high-Tc superconductors (1998-2000). In 2000, she obtained a 
6-year position in the group of Markus Buttiker in Geneva to learn mesoscopic physics (2000-2002). 
From 2002 to 2006, she was assistant and (tenure) associate professor at Sherbrooke University, 
Quebec, Canada, and in 2006- 2011 associate professor at Yale University in USA. In 2012, she 
accepted a CNRS DR-research position in France, at CPHT Ecole Polytechnique, and she is also 
PCC professor at Ecole Polytechnique (partial time) since 2012.
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Claire Wilhelm
Paris Diderot University, France

Recent insights in Magnetic Nanoparticles-Based 
Biomedical Applications: Combined Cancer Therapy, 
Regenerative Approaches, and Long-Term Biological 
Fate.
Abstract
 
In cancer therapy, magnetic nanoparticles have for long raised the prospect of thermal treatments 
that have few if any adverse effects. We recently compared the heating potential of magnetic 
nanoparticles under magnetic hyperthermia or photothermia [1,2], ofplasmonic nanoparticles under 
photothermia [3], or the combination of both [4-8], towards synergistic solutions to complete cancer 
cell destruction. Different pre-clinical studies were conducted, exploring in vivo these nanoparticles-
based modalities. Among others, will be discussed - nanohybrids featuring a magnetic core and 
a copper sulfide shell to perform all at once magnetic hyperthermia, photothermal therapy and 
photodynamic therapy; - nanohybrids combining two plasmonic materials, to enhance the photo-
thermal potential of each; - biosynthesized magnetosomes combined with a genetically encoded 
targeting unit in order to achieve enhanced photo-thermal treatment following intravenous injection.
The magnetism of iron oxide - based nanoparticles also provide cells with sufficient magnetization 
to manipulate them. Magnetic nanoparticles thus appear as a promising tool for tissue engineering 
opening up challenging perspectives. We developed magnetic-based methods to manipulate 
cells, towards the goal to provide magnetic artificial tissue replacements [9,10,11,12], that can be 
stimulated on demand, for instance to induce mechanically stem cells differentiation [13,14]. 

The therapeutic use of nanoparticles in cancer therapy or regenerative medicine application 
still raisesthe more general issue of intracellular nanoparticle long-term fate [15]. Cell spheroids 
models and magneto-thermal toolswill be introduced, as tools to monitorlong-term nanomaterials 
intracellular integrity. It evidenced a massive intracellular degradation [16], which could be prevented 
by a polymeric coating[17] or an inert gold shell [18,19]. Remarkably, human cells could also 
biosynthesize their own nanoparticles, from the intracellular degradation products of synthetic ones 
[20,21,22], with longer persistence, and limited toxicity.

References:
[1] AdvFunct Mat, 28, 1803660 (2018); 
[2] J Controlled Release, 279, 271-281 (2018); 
[3] Adv HealthCare Mat, 5, 1040- 48 (2016); 
[4] ACS Nano, 9, 2904-2916 (2015); 
[5] ACS nano, 10, 2436-2446 (2016); 
[6] Nanoscale, 7, 18872-18877 (2015); 
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[7] Theranostics, 9, 1288 (2019);
[8] Theranostics, 9, 5924 (2019);
[9] Advanced Materials. 25, 2611-2616 (2013); 
[10] ActaBiomaterialia, 37, 101-110 (2016); 
[11] PhysRev Lett, 114, 098105 (2015); 
[12] Biofabrication 13, 015018 (2020);
[13] Nature Comm, 8, 400 (2017); 
[14] AdvFunct Mat, 30, 2002541 (2020); 
[15] AccountsChem Res 53, 2212-24 (2020);
[16] ACS nano, 10, 7627-7638 (2016); 
[17] Nanoscale, 11, 16488 (2019);
[18] AdvFunct Mat, 27, 1605997 (2017);
[19] ACS nano, 12, 6523-6535 (2018);
[20] PNAS 116, 4044-4053 (2019); 
[21] ACS nano, 14, 1406-17 (2020); 
[22] ACS nano10.1021/acsnano.1c00567 (2021);
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Manh-Huong Phan
Department of Physics, University of South Florida, Tampa, Florida 33620, USA 
Email: phanm@usf.edu

Controlling Two-Dimensional Magnetism with Light

Abstract
Two-dimensional (2D) transition metal dichalcogenides (TMDCs)and their heterostructures are 
emerging candidates for ultralow-power and ultra-compact device applications. We have recently 
discovered the strong and tunable room temperature ferromagnetism in metallic monolayers of 
VSe2[1] and semiconducting monolayers of V-doped TMDCs [2,3] that have the potential to transform 
the fields of spintronics [4], opto-spin-caloritronics [5,6], valleytronics,and quantum computation. In 
this talk, I will present the research progress on 2D magnetism, highlighting our new findings of the 
light-controlled room temperature ferromagnetism in 2D V-doped TMDCs and their heterostructures. 
Open questions, challenges and opportunities in this rapidly expanding research field will be 
discussed.  
 
References
[1] M. Bonilla, M.H. Phan,et al., Nature Nanotechnology 13, 289 (2018)
[2] F. Zhang, M.H. Phan, et al., Advanced Science7, 2001174 (2020)
[3] Y.T.H. Pham, M.H. Phan, et al.,Advanced Materials 32, 2003607 (2020)
[4] V.O. Jimenez, M.H. Phan, et al., Scientific Reports 10, 4789 (2020)
[5] V. Kalappattil, M.H. Phan, et al., Materials Horizons 7, 1413 (2020)
[6] V.O. Jimenez, M.H. Phan, et al.,Advanced Electronic Materials 2100030 (2021)



Global Summit and Expo on Magnetism and Magnetic Materials
September 20-22, 2021

GSEMMM2021

Page- 12

T.W Krause1*

T.W Krause1*, P.R. Underhill1, M.Kashefi2.A.K. Krause3, L. Clapham3

1Dept, of Physics and Space Science, Royal Military College of Canada, Kingston, ON, Canada. 
2Dept. of Materials Engineering, Faculty of Eng, Ferdowsi University of Mashhad, Mashhad, Iran. 
3Dept. of Physics, Engineering Physics, and Astronomy, Queen’s University, Kingston, ON, Canada 
*Thomas.Krause@rmc.ca

Magnetic Objects for Describing Magnetization 
Processes in Steel

Abstract:
Ferromagnetic steel product is pervasive in our society, with critical applications arising in electrical 
steels, oil and gas pipelines, naval structures, aircraft landing gear and automotive components. 
The magnetic properties of these materials are critical for such applications as electrical motors 
and transformers, having a direct impact on energy efficiency.  Measurement of magnetic response 
has implications for inspection methods such as magnetic flux leakage, metal magnetic memory, 
magnetic adaptive testing and magnetic Barkhausen noise.  Examples include flaw detection, 
characterization of magnetic and material properties, and stress state of steel.  Explanations for 
the magnetic response in these cases have been facilitated by the use of magnetic objects (MOs). 
MOs are defined as regions of relatively independent magnetic behaviour, typically about the size 
of a grain, to which fundamental magnetic energy considerations may be applied. This presentation 
will outline the basic properties of magnetic objects in steel and provide various examples of their 
successful application. Physical properties accommodated by the model include microstructure, 
grain size, crystallographic texture, presence of dislocations and impurity elements, and the presence 
of residual and applied stress. The model also provides a means of describing the evolution of 
magnetic domain structure under magnetizing conditions.  The model facilitates understanding the 
connection between magnetic properties and material properties, including hardness, embrittlement, 
and presence of residual stress. Practical applications include non-destructive characterization of the 
state of steel materials using magnetic measurements and an improved understanding of magnetic 
processes in electrical steels. Examples where such models may be applied include magnetic 
Barkhausen noise and low field magnetic measurement characterization of steel materials. In this 
context magnetic objects have the potential to continue to provide fundamental explanations for 
observed magnetic phenomena.

Keywords
Magnetic Object, Domain Structure, Magnetic Barkhausen Noise, Ferromagnetism
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Tetsuo Endoh1-5

1Center for Innovative Integrated Electronic Systems, Tohoku University, Sendai 980-0845, Japan 
2Center for Science and Innovation in Spintronics, Tohoku University 
3Research Institute of Electrical Communication, Tohoku University 
4Center for Spintronics Research Network, Tohoku University 
5Graduate School of Engineering, Tohoku University 

 

Ultra Low Power AI Processor Based on CMOS/MTJ 
Hybrid Technology
Abstract
To build the Edge AI systems that can learn, reason and help humans make better decisions such 
on image recognition, automotive car control, video surveillance etc., the AI VLSIs mimicking the 
functions of human brain have been widely investigated to achieve the excellent computational speed. 
However, the conventional CMOS types AI VLSIs have issues about the large power consumption.

From above point of view, in this invited talk, it is discussed that CMOS/MTJ hybrid VLSI technology 
has impact in AI systems. NV-AI Processor require tough endurance for realizing deep learning 
and excellent CMOS compatibility for realizing high level fusion system between remembrance 
and judgment. Therefore, STT-MRAM is the best choice for NV-AI Processor due to its excellent 
endurance and compatibility with CMOS. After that, our previous developed two kinds of AI Processor 
of Brain-Inspired Processors and Neuromorphic Processors with CMOS/MTJ hybrid technology are 
shown. Finally, it is discussed that our Ultra-Low Power AI Processors and Neuromorphic Processors 
with CMOS/MTJ hybrid technology are one of most suitable way to realize Edge AI systems.

Keywords
AI Processor, STT-MRAM, MTJ, CMOS MTJ Hybrid Technology, Neuromorphic

References
[1] T. Endoh, “STT and SOT MRAM technologies and its applications from IoT to AI System”, 
IEDM2020

[2] T. Endoh,” Recent progresses in STT-MRAM and SOT-MRAM for next generation MRAM”, VLSI 
Symp. 2020

[3] T. Endoh, “Nonvolatile Logic and Smart Nonvolatile Processors with CMOS/MTJ Hybrid 
Technology for IoT and AI (AIoT) Edge System”, ISSCC2020
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Sungjae Cho1*

Lijun Li, Jin Zhang2, Gyuho Myeong1, Wongil Shin1, Hongsik Lim1, Boram 
Kim1, Seungho Kim1, Taehyeok Jin1, Bumseo Kim3, Changyoung Kim3, 
Johannes Lischner2, Aires Ferreira4*, Sungjae Cho1*

1Department of Physics,Korean Advanced Institute of Science and Technology (KAIST),Daejeon, 
Korea
2Departments of Materials and Physics, Imperial College London, SW7 2AZ, United Kingdom
3Department of Physics,Seoul National University, Seoul, Korea
4Department of Physics,University of York, YO10 5DD, United Kingdom

Gate-Tunable Rashba-Edelstein Effect in a 
Graphene/2H-TaS2 Van der Waals Heterostructure at 
Room Temperature
Abstract
Emergent spin-orbit effects at heterointerfaces hold unique prospects for spin-logic technologies 
that can offer high speed with minimal energy consumption1,2.There has been considerable progress 
in manipulating spin-orbit coupling in graphene/2D-semiconductor heterointerfaces3,4,5,6,7. However, 
evidence for the emergence of a spin-momentum-locked band structure in graphene8, pivotal for 
electrical control of the electron’s spin1,2, has remained elusive. Here, we report the first observation 
of the Rashba-Edelstein effect (REE), a direct consequence of spin-momentum locking, in a van der 
Waals heterostructure formed by graphene and semimetal 2H-TaS2. Owing to the 2D Dirac character 
of interfacial states, a complete inversion of non equilibrium spin polarization by gate voltage is 
enabled at room temperature. The full electrical control over current-induced spin polarization 
vector, not previously observed in a REE interface1,2, is an elegant manifestation of spin-pseudo 
spin entanglement of 2D Dirac fermions9. Our findings, supported by first-principles calculations, 
establish a new route to design spin-logic circuits from layered materials. 

Keywords
Rashba Edelstein effect, graphene, TaS2, spin galvanic effect.
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Spomenka Kobe
Spomenka Kobe, Kristina Žagar, Benjamin Podmiljšak, Kristina Žužek, 
Jean-Marie Dubois, Sašo Šturm, Carlo Burkhardt

Corresponding author
Spomenka Kobe (spomenka.kobe@ijs.si), Jožef Stefan Institute, Slovenia 

New Sustainable Processing of RE-Based Magnetic 
Materials 
 
Abstract:
Rare-Earth Transition Metals permanent magnets are vital components in the rapidly-developing 
renewable energy sector, where the motors require strong magnets with the ability to operate at 
temperatures well above100°C. To achieve high coercivity, remanence, and, consequently, high 
energy product at elevated temperatures, the addition of a heavy rare earth (HRE) to the basic Nd-
Fe-B composition is needed. HRE are on the very top ofthe list of Critical Raw Materials published 
by the EC in 2014; the new data produced in 2017 shows Nd on the top of this list.

In our first goal to drastically reduce the use of HRE, we focused on developing a new method, 
which enabled us to achieve the properties needed for high-temperature applications with the lowest 
amount of scarce elements. Now, we are focusing on recycling end-of-life magnets EoL to minimize 
European dependence on China. 

We managed to minimize the amount of HRE used, down to 0.2 at %, while the improvement of 
coercivity was 30 % with minimal loss in remanenceby developing new inventive techniques further 
transferred to pilot production. The total saving of the HRE is 16-times less need for the same 
performance, which is a significant contribution to the world economy and a clean environment.

The results presented are basedon different processing methods, but mainly focused onHR-TEM 
which was used to study the mechanism for upgrading the magnetic properties of standard and 
recycled EoL NdFeB magnets in tailoring the microstructure, phase ratio, and phase composition. 
They are obtained in the frame of fourEU-funded projects, ROMEO (finished), REProMag (finished), 
MaXycle, and SUSMAGPRO (running).

The use of newly developed high energy magnets with a minimum amount of HRE and by using a 
highly effective HPMS process (Hydrogen Processing of Magnetic Scrap) for recycling is envisaged 
to enable a circular economy ecosystem for NdFeB magnets in renewable energy and e-mobility 
sectors.

*This work is part of the project “SUSMAGPRO”: Sustainable Recovery, Reprocessing and Reuse 
of Rare-Earth Magnets in a Circular Economy that received funding from the European Union’s 
Horizon 2020 research and innovation programme under grant agreement No 821114. Project 
website: www.susmagpro.eu
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M. Romanini1

M. Romanini1, L. Mañosa1*, P. Lloveras2, J. Ll. Tamarit2, A. Planes1, K. 
Gurpinar3, B. Emre4, O. Atakol3, M. Shatruk5, Y. Wang5,6

1Dept. Física de la Matèria Condensada, Universitat de Barcelona, Spain
2Grup de Caracteritzacióde Materials, Dept. Physics, Universitat Politècnica de Catalunya, Spain
3Dept.Chemistry, Ankara University, Ankara, Turkey
4Dept. Physics, Ankara University, Ankara, Turkey
5Dept. Chemistry and Biochemistry, Florida State University, Florida, United States
6School of Materials Science and Engineering, University of Science and Technology Beijing, 
Beijing, People’s Republic of China
*lluis.manosa@fmc.ub.edu 

 

Barocaloric Effect in a Novel Spin-Crossover 
Compound
Abstract
In spin crossover (SCO) compounds, the spin state of a metal ion (typically, Fe2+) can be interconverted 
between two distinct magnetic states (low-spin, LS, and high-spin, HS) by a redistribution of d-electrons 
among two non-equivalent sets of orbitals. The HS-LS phase transition is accompanied by a change 
in the crystal structure and can be induced by a variety of external stimuli such as temperature and 
pressure changes or light irradiation [1,2].Among the peculiar properties associated with spin-state 
switching, one with potential technological impact is the giant barocaloric effect, which has been 
reported only very recently in a SCO compound [3]. This effect relies on the application or removal 
of hydrostatic pressure [4] to induce a phase change characterized by a very large associated latent 
heat of transition [5]. The search for materials with giant caloric effects has become a hot topic in 
materials science, owing to the potential of such systems as environment-friendly replacement of 
current refrigeration technologies, which raise serious environmental concerns and looming energy 
crisis [6-9]. Within this scenario, SCO compounds may play a crucial role for solid-state refrigeration 
via pressure-induced phase change.

For successful implementation in Brayton cycles for solid-state refrigeration, SCO compounds must 
be found that display a large barocaloric effect (large latent heat of the HS-LS transition) and at 
the same time a negligible thermal hysteresis of the HS-LS transition. We have chosen a SCO 
compound which has been recently shown to exhibit abrupt spin-state switching with negligible 
thermal hysteresis (Fe3(bntrz)6(tcnset)6 (bntrz=benziltriazole and tcnset=tetracyanothioalkylpropen
ide) [10]), and have synthetized it again to study the associated barocaloric effect and the hysteresis 
response under pressure. Differential scanning calorimetry characterization and magnetization 
data confirm the occurrence of the HS-LS transitions with a very narrow hysteresis at 318 K. This 
transition is accompanied by a large entropy change of ~80 Jkg-1 K-1. Powder X-ray diffraction 
and calorimetry reveal that the material is highly susceptible to an applied hydrostatic pressure. In 
particular, the transition temperature can be made to increase continuously between its value of 
318 K at ambient pressure to a value of 383 K under an applied pressure of 2.6 kbar [11]. Despite 
such large shift in the spin-transition temperature, the non-hysteretic character of the transition is 
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maintained also under applied pressure. Such behavior leads to a remarkably large and reversible 
barocaloric effect in the Bryton cycle, characterized by the entropy change of 120 J kg-1 K-1 and the 
temperature change of 35 K, which are among the highest reversible values reported for any caloric 
material thus far.

Keywords
spin-crossover, barocaloric, refrigeration cycle

References
[1] P. Gütlich et al., Beilstein J. Org. Chem., 9, 342, (2013).
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Strain-Mediated Voltage Tuning of Physical Properties 
in Multiferroic structures
Abstract
The integration of magnetic functional thin films (e.g., metals/alloys, ferrites, and manganites) with 
perovskite ferroelectrics offers an exciting opportunity to control magnetism by electric field (instead 
of magnetic field and electric current) through a strong magnetoelectric coupling effect, which is 
promising for developing dense, high-speed, ultralow-power tunable electronic and spintronic 
devices. Progress has been made toward electrically controlling nonvolatile tuning of magnetic states 
in these multiferroicheterostructures for information storage industry, which is usually attributed to 
ferroelectric polarization switching-induced interfacial charge effect. In this work, we propose a 
design principle that the electrically induced ferroelastic domain engineering in PMN-PT ferroelectric 
single-crystal substrates can be used to achieve robust nonvolatile tuning of magnetic and transport 
properties in elastically-coupled perovskitemanganites and SrRuO3 thin films in a reversible way. 
Such a nonvolatile and reversible response is striking, which stems from the intermediate lateral-
polarization-induced stable strain state in the substrate during domain switching. Our findings are 
instructive for realizing ferroelastically driven nonvolatile manipulation of lattice-coupled magnetic 
and electrical properties in hybrid correlated oxides/ferroelectric systems and designing next-
generation reconfigurable, high-frequency, ultralow-power nonvolatile electronic devices.
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Scalable Synthesis and Magnetic Sensing of 
Topological Insulators

Abstract
Topological insulators possess Dirac-cone surface state due to the strong spin-orbit coupling. 
The time-reversal symmetry protected surface state shows ultrahigh conductivity and is sensitive 
to magnetic element doping. The application of topological insulator in nanoelectronics and 
spintronics has been explored intensively. Utilizing several material systems of topological 
insulators, we will present experimental results on their scalable synthesis using Van de Waals 
epitaxy, band structure engineering, magnetic element doping and their applications in magnetic 
sensing. The magnetic element doping (e.g. Cr, Mn) over a critical level leads to a spontaneous 
ferromagnetic transition in topological insulators and opening of surface bandgap. The 
ferromagnetic properties, such as Curie temperature, remnant Hall resistance and coercivity, are 
shown to be tunable with different dopant concentrations. Based on ferromagnetic topological 
insulators (Cr doped Bi2Te3 systems), we fabricated thin film magnetic sensors with thickness of 
15 nm and 65 nm and observed an ultrahigh sensitivity over 2600 Ω/T below the Curie 
temperature. The dependence of sensitivity on temperature and thickness will be further discussed.

Keywords
Topological insulator, molecular beam epitaxy, magnetic sensing



Global Summit and Expo on Magnetism and Magnetic Materials
September 20-22, 2021

GSEMMM2021

Page- 22

Nasir Ali1*

Nasir Ali1*, Kartick Tarafder2, Won Jong Yoo1, and Subhasis Ghosh3

1SKKU Advanced Institute of Nano Technology, Sungkyunkwan University,
Suwon, 16419, South Korea.
2Department of Physics, National Institute of Technology Karnataka, Surathkal, 575025, India.
3School of Physical Sciences, Jawaharlal Nehru University, New Delhi, 110067, India.
*nasir.jnu20@gmail.com

Defects Mediated Ferromagnetism in Magnetic (Mn 
and Co) and Non-Magnetic (Cu and Ag) Impurities 
Doped ZnO: A Joint Theoretical and Experimental 
Study
Abstract
Origin of ferromagnetism in diluted magnetic oxides (DMOs)/semiconductors (DMSs) is controversial 
problem in condensed matter physics and materials science. There are several mechanisms 
such as super-exchange, double-exchange, Ruderman-Kittel-Kasuya-Yosida exchange, defects 
mediated and bound magnetic polaron (BMP) model which are already proposed to explain origin 
of ferromagnetism in DMOs and DMSs [1, 2]. However, different contradictory reports regarding the 
mechanism of ferromagnetism in DMOs and DMSs pose an important question which mechanism is 
correct for ferromagnetism in DMOs and DMSs? Here, we choose magnetic (Mn and Co) and non-
magnetic (Cu and Ag) impurities doped ZnO to understand the origin of ferromagnetism in DMOs/
DMSs.We present theoretical and experimental investigations on Mn-, Co-, Cu-, and Ag-doped 
ZnO. First-principles calculations show that Mn-, Co-, Cu-, and Ag-doped ZnOare ferromagnetic 
in the absence and presence of intrinsic defects. Theoretical calculations also show that the zinc 
vacancy (VZn) induces ferromagnetic ordering (FMO) whereas oxygen vacancy (VO) retards FMO 
in Mn-, Co-, Cu-, and Ag-doped ZnO. Experimentally, room temperature ferromagnetism (RTFM) 
has been observed in different doped ZnO films and saturated magnetic moment (µB per dopant 
atom) increase with increasing oxygen partial pressure indicating that the VZn enhances FMO 
whereas VO quenches FMO in Mn-, Co-, Cu-, and Ag-doped ZnO. Finally based on theoretical and 
experimental observations, the overlapping of BMPs gives rise RTFM in Mn-, Co-, Cu-, and Ag-
doped ZnO.
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Development of Magnetic Hyperthermia Application: 
Current Status and Future Directions
Abstract
Cancer ranks as a leading cause of death worldwide and according to World Health Organization, 
an estimated 19.3 million new cancer cases and almost 10.0 million cancer deaths occurred in 
2020. Since the pioneering work by Gilchrist et al., magnetic hyperthermia has been gaining great 
interest as a promising cancer therapy with less invasive than surgical therapy and fewer side effects 
compared to chemotherapy. This therapy utilizes the heat generated by magnetic nanoparticles 
when subjected to an alternating magnetic field to induce cancer cell death within the therapeutic 
temperature range of 43–46°C without affecting the healthy ones.In previous studies, we succeeded 
in developing thermosensitive magnetic micro/nanoparticles with high heating efficiency for tumor 
treatment and considerable permeability change around therapeutic temperature for temperature and 
position monitoring [1]. Thereafter, we also developed a wireless temperature measurement method 
to monitor the temperature of treated areas using pickup coils. In addition, we also developed a 
simpleautomated localization system using pickup coils with accuracy below 1 mm [2]. Recently, we 
developed a simple, realtime, and high-accuracy proportional-integral-derivative-based temperature 
control system for magnetic hyperthermia using widely-used induction heater and fiber optic 
thermometer [3]with very small overshoot (e.g., 45.0 ± 0.07°C and 55.0 ± 0.11°C for low- and high-
temperature magnetic hyperthermia).In this paper, we report our elemental technologies which have 
been developed so far such as heating elements, temperature and position monitoring, therapeutic 
temperature control technologies.
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magnetic hyperthermia, magnetic nanoparticles, cancer treatment, temperature monitoring, 
position monitoring, temperature control
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Magnetization Reversal in Perpendicular Magnetic 
Anisotropy Thin Films
Abstract
We present an overview of magnetism of layer and multilayer magnetic systems based on cobalt 
with perpendicular magnetic anisotropy (PMA). We review the various PMA materials developed 
in my research during recent years: Au/Co/Au(111)/substrate (float glass/ Al2O3/ SiO2), (Pt/Co)3, 
Pd/Co/Pd and [Pt/Co]5/Pt/AF(FeMn/NiO). We focus in addition to the static magnetic properties 
of the samples such as coercivity, remanence, and saturation magnetization on the magnetization 
reversal dynamics. Magnetization reversal occurs in these systems by the competition between 
domain nucleation and domain wall motion. As the static magnetic properties the mechanism of 
magnetization reversal depends on many parameters such as the individual thicknesses of the 
magnetic and non-magnetic layers, the substrate, the roughness of the interfaces, the deposition 
rate of the layers, the annealing.

Disordered domain wall motion was observed in Au/Co/Au sandwiches. An analysis of this behavior 
is proposed, starting from the Fatuzzo–Labrune model. Relaxation curves are well described by 
a transformation of this model in the domain wall motion regime [1]. The model was used in a 
simplified form to correlate between the wall propagation and the interface morphology via an 
exponent. However we show too that in some cases the reversal dynamics is not suitably described 
by the Fatuzzo-Labrune model.  

In FM/NM/AFM exchange-bias systems the magnetization reversal process was shown to be strongly 
dependent on the NM layer. Magnetization reversal occurs in [Pt/Co]5/Pt/FeMn, by nucleation and 
domain wall propagation with asymmetric nucleation density which varying with Pt spacer thickness 
[2].

The high sensitivity of Polar magneto-optical Kerr effect (PMOKE) allows probing magnetic materials 
down to the monolayer. Magnetic imaging is performed by Kerr Microscopy.
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Controlling the Energetics and Frustration-Behavior 
of Dipolar Coupled Nanomagnets in Artificial Spin Ice 
Systems
Abstract
Artificial spin ice (ASI) consisting of highly shape anisotropic a thermal nanomagnets provides an 
interesting play-ground for studying geometric frustration in a very controlled way [1]. Frustration 
leads to degenerate ground states. Several interesting experiments have been conducted to study 
the ground states of such interacting a thermal systems. By studying the building blocks of square 
ASI systems in presence of static external magnetic field, we found an easier means to achieve the 
lowest energy states in a very controlled way [1]. Also, by applying an external magnetic field, we are 
able to stabilize an excited magnetic charge vertex state [2]. Such nonrandom charged vertices are 
found to be very robust and can be considered as sources (or sinks) of magnetic flux emerging out of 
dipolar-coupled nanomagnets. The experimental results are validated by Monte Carlo simulations.

These results will be discussed in details in this talk.
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Prospective of Growth/Fabrication, Characterization, 
and Applications of Hard and Soft Ferromagnetic 
Materials for Electrical Machines
Abstract
New demands of emission free electrical vehicles have increased the demand of high energy 
density permanent magnets and high saturating soft magnetic materials which need to be optimized 
in properties and production technologies to meet the ever-growing metrics of the electrical 
machines. High energy density permanent magnets are critical and high quality soft magnetic 
materials properties and prices are highly dependent on the materials preparation technologies. 
I will provide a brief overview of origin of hard and soft magnetic properties in reference to spin 
orbit interaction and magneto crystalline anisotropy, their exploratory synthesis to discover new 
compounds and characterization of new ferromagnetic materials using single crystalline samples 
growth via flux growth method in the transition-metal-rich sections of transition metal-rare earths 
phase diagrams[1]–[3]. Similarly, I will present the status of additive manufacturing techniques 
(mainly SLM, BJT, FDM) both for hard and soft magnetic materials, their mechanical, and electrical 
properties characterization and applications in electrical machines [4], [5]. In summary, this talk 
will provide a basic understanding of origin of hard and soft magnetic materials, their exploratory 
synthesis, characterization, processing and application to realize the emission free electrical vehicle 
technologies.
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magnets, additive manufacturing, electrical machines
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Magnet Optical Effects, Einstein Ring and Ferro Fluids
Abstract
We studied the formation of a hyperbolic lens using a thin film of ferro fluid subjected to a magnetic 
field in a device known as a Ferro cell [1]. This device has interesting effects when interacting with 
light such as polarization and unidirectional light scattering [2]. In this work we present a comparison 
between the patterns obtained with this device shown in Fig. (a) with the Einstein ring [3] obtained 
with a hyperbolic lens formed by pseudo-spheres of Fig. (b), based on the Geometrical Diffraction 
Theory and hyperbolic geometry [4].
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Magneto-Raman Effect in Bulk and Thin Layers of Van 
der Waals Magnet CrI3

Abstract
Van der Waals (or 2D) materials with intrinsic ferromagnetism have attracted massive interest because 
of their potential applications in data storage and spintronics devices. Atomic layers of chromium 
triiodide (CrI3) are one of such 2D ferromagnetic (FM) materials that have been demonstrated to 
show long range FM order in its monolayer limit. The strong coupling between spin, lattice, and 
charge degrees of freedom in 2D CrI3 enables interesting magneto-optical effects in bulk and thin 
layers of CrI3.In this talk, I will present our recent magneto-Raman spectroscopy studies of magnons 
(spin waves) and magnetism-induced phonons in bulk and thin layers of CrI3.Using magnetic field- 
and temperature-dependent Raman spectroscopy, we reveal a novel mixed state of layered ant 
ferromagnetism (AFM) and FM in 3D CrI3 bulk crystals where the layered AFM survives in the 
surface layers and the FM appears in deeper bulk layers[1]. In thin layers (1-4 layers) of CrI3, we 
use a combination of polarized Raman spectroscopy experiment and magnetism-phonon coupling 
calculation to study the rich magneto-Raman effect [2]. Our results explain why a van der Waals 
magnet may exhibit different magnetic behavior in its layered and bulk forms and reveal the spin-
phonon coupling physics in its atomic layers.
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Observation of Room Temperature Ferromagnetism 
Enhanced Photocatalytic, and Antibacterial Properties 
of MgFe2O4@TiO2 Core Shell Nanoparticles 

Abstract
In the past decades, metal oxide based photo catalysis has been widely employed in the treatment of 
organic contaminants in aqueous systems.  A variety of solid materials have already been investigated 
for using as supporters in photo catalysis. 1 For the last few years, there was intensive research on 
TiO2 to remove environmental pollutants.   This is when people identified the photocatalytic property 
of TiO2 because of the strong oxidation capability of photo generated holes.   It has been used for 
removal of air/water pollutants as it is nontoxic and chemically stable.  Core shell nanoparticles were 
observed to be more efficient in this process as they have  improved chemical stability,2−4  compared 
to plain core nano crystals.  The core/shell materials have been implemented into devices as they 
have shown improved device performance compared to their plain core counterparts.  Hygroscopic 
core shell nano particles were used by researchers in order to improve the photocatalytic activity.  In 
a recent article on MgO@TiO2 core shell, the highly hygroscopic MgO molecules were found to be 
absorbing more water molecules and enhanced the photocatalytic activity of TiO2 which is the core 
molecule.5   Hygroscopic nanofibrous membrane based moisture pump is developed recently which 
can be used for dehumidification.6  This device can regulate humidity to the desired level.  There 
are reports on humidity dependence on bacterial viability.   Certain micro organism are more viable 
in humid atmosphere.7 High humidity cause furniture and clothes become moldy . The hygroscopic 
nature of ferrites makes it suitable for dehumidification and for making humidity sensor.   Room 
temperature Ferromagnetism of MgFe2O4 promises better result  in this regards. 8 It is less toxic and 
can be used  for medical applications also.  Reports shows that TiO2@MgO-Fe2O4 exhibits excellent 
photo catalytic activity under visible light irradiation in the presence of H2O2.  More than 83% dye 
degradation was observed within 240 min,1 with 0.5 g of catalyst per liter. Moreover, the material 
showed high chemical stability after four consecutive experiments with no significant difference in 
the rate of photocatalytic degradation. 9 MgO-TiO2 composite were found to be used for the removal 
of heavy metal ion (Pb (II)) and organic dye (MO) from water.  Ispita et.al, found that MgO-TiO2 micro 
cubes exhibit a high potential removal of toxic Pb (II) ions and photocatalytic degradation of organic 
dye methyl orange from water. 10

We have developed magnetically separable Core shell photo catalyst with well defined properties. 
These magnetic nano scavengers can be separated using external magnet and it can be re 
dispersed by removing the magnetic field.  We have developed novel magnetic nano scavengers 
as photocatalyst  with well-defined  properties in order to make the catalyst easily separable and 
reusable.  Effect of MgFe2O4 coating on the structural, Magnetic, Photo catalytic and antibacterial 
properties of hydrothermally synthesized phase pure TiO2 were reported.  The VSM study shows the 
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existence of room-temperature ferromagnetism for MgFe2O4@TiO2 core shell nano particles.  The 
material is found to exhibit very good antibacterial efficiency.   Removal of toxic dyes such as Methyl 
orange is experimented through photo catalytic study.  The results reported herein offer a green, low 
cost and highly efficient photo catalyst material for environmental remediation.
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