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Orbital Hall effect induced spin—orbit torque via
orbital—to—spin conversion

Soogil Lee', Min—Gu Kang', Dongwook Go?, Taekhyeon Lee®, Dohyoung Kim',
Kab—Jin Kim®, Sanghoon Kim*, Byong—Guk Park'

"Department of Materials Science and Engineering, KAIST, Daejeon 34141, Korea
Institute of Physics, FB 08 Physik, Mathematik und Informatik, Johannes Gutenberg-
University Mainz, Mainz 55128, Germany
*Department of Physics, KAIST, Daejeon 34141, Korea

‘Department of Physics, University of Ulsan, Ulsan 44610, Korea

Electrical control of magnetization by spin-orbit torque (SOT) in nonmagnet (NM)/ferromagnet (FM)
bilayers is regarded as an essential key to provide a low power operation for emerging spintronic
devices. In order to efficient control of magnetization, searching for nonmagnetic materials with the
large SOT efficiency have been desired. Thus, there were many efforts to enhance the SOT efficiency
with strongly spin-orbit coupled heavy metals, such as Ta, W, and Pt, because spin-orbit coupling
(SOC) of a NM was considered for a crucial source to generate the spin current via large spin Hall
effect (SHE). However, further enhancement of the SOT efficiency is still required to realize the
low power operation. Recently, newly proposed orbital torques suggested that the large SOT can
be generated even in weakly spin-orbit-coupled NMs by the orbital current, as a consequence of
the orbital Hall effect and subsequent orbital-to-spin conversion via SOC [1-5]. In this talk, we
present that the orbital torque 1s efficiently tailored by orbital-to-spin conversion engineering.
Here, we discuss the effect of different FMs or insertion layers at the NM/FM interface with varying
SOC strength on the orbital torque. Our study suggests that the orbital current can be utilized to
further enhance the magnetization switching efficiency in spin-orbit-torque-based spintronic devices.
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Spin—Orbit Torque in Pd/Co/Pd(t) Heterostructure

Keesung Kim, Jongill Hong

Department of Materials Science and Engineering, Yonsei University, Seoul 03722, Republic
of Korea

Our study discusses how spin-orbit torques changes upon changing the top Pd thickness in metallic
and hydrogen-irradiated, reduced Pd/Co/Pd(t) heterostructures. The spin-orbit torque originates from
spin-orbit interaction (SOI), and its mechanisms have been understood with the spin accumulation at
the interface, so—called Rashba effect, and the bulk spin Hall effect (SHE) as well. Due to those
two mechanisms, a field-like torque (FLT) and a damping-like torque (DLT) arise. However, it is not
clear which mechanism (or torque) dominates over another in Co/Pd/Co heterostructures. A way to
answer such a question is to change only one Pd layer’ s thickness while keeping other interfaces
and layers untact to observe whether or not the bulk spin Hall effect indeed starts to play a role
in generating the spin-orbit orque. In this talk, we report and discuss the effect of a change in

top Pd thickness on the spin-orbit torque based on the two mechanism.



SOT—MRAM based crossbar array for Neural Network

Yunho Jang*, Taehwan Kim, Jooyoon Kim, Jongsun Park’

Department of Electrical Engineeringerials, Korea University, Seoul 02481, Republic of Korea

Neural network hardware using emerging device has been actively studied since emerging device
based synaptic weight array brings about energy and area efficient nueral network hardware.
Especially, crossbar array structure using emerging device can easily perform multiplication
and accumulation (MAC) of activation and weight by current summation. For low cost and reliable
implementation of crossbars, Spin-orbit torque (SOT) MRAM is promising candidate for implementing
crosshar due to its non-volatility, high endurance, low write energy and CMOS compatibilities [1].
However, the hardware cost of ADC located in the interface of the crossbars mitigates the effectiveness
of the crossbar. In [2], ADCs accounts for around 35% of area and 49% of power consumption in the
crossbar design. Although many previous works have tried to reduce the ADC cost either by lowering
the resolution [3] or by sharing ADC between crossbars [4], the ADCs still takes considerable
hardware cost in the crossbar [3]. In case of SOT-MRAM based crossbar design, small Ry/Ry ratio of
SOT-MRAM [5] is another design bottleneck, which makes the SOT-MRAM crossbar sensitive to process
variations. The problem is even exacerbated with large-scale crossbars, limiting the SOT-MRAM based
crosshars to small size. In this paper, we present a low cost SOT-MRAM crosshar based binary CNN
(BCNN) accelerator. First, we propose data dependent switch (DDS) for SOT-MRAM cell, which can
effectively address the low Ry/Ry ratio issue in the crossbar array. DDS controls the current
flow of the read access transistor depending on stored data to enlarge the magnitude of difference
between the currents generated by Rys/Ry. In addition, in order to reduce the large ADC cost, we
replace the conventional CMOS ADC with hybrid spin/CMOS based ADC. The proposed hybrid ADC exploits
the SOT device as a current comparator to improve area and energy efficiencies. When implemented
with 65nm CMOS process, the proposed BCNN accelerator shows the 22.7% area and 68.9% energy savings
compared to the conventional design, while achieving comparable classification accuracy of 86.3% for
the CIFAR-10 dataset.
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Non—-standard angular dependence of spin—orbit
torques in ferromagnet/heavy metal bilayers

Kyung—Jin Lee’

Department of Physics, KAIST, Korea

We investigate angular dependence of spin-orbit torques in ferromagnet (FM)/heavy metal (HM)
bilayers. We find that non-standard angular dependence is observed in a FM/HM bilayer, which helps
reduce the switching current in the presence of symmetry breaking effective fields. We show frst-

principles calculations that give a hint about the origin of the non-standard angular dependence.
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Spin Hall Conductivity of W—N alloys: A First Principles
Study

Quynh Anh T. Nguyen, D, D, Cuong, S. C. Hong, Sonny H. Rhim’

Department of Physics and Energy Harvest Storage Research Center, University of Ulsan,
Ulsan 44610, Republic of Korea

Efforts to enhance spin current generation, commonly quantified as spin Hall angle, have been major
research in the past decade. Recent work has opened another opportunity in tungsten compounds, where
B-W phase with Al5 structure plays more role than stable a-W in body-center—cubic structure. As
an extension, several fabrications have been performed, where W-N alloy is one of them. Motivated
by recent experiment of W-N alloy, here ab initio investigation is done on some prototype W-N alloy,
WN and W,N with 1:1 and 2:1 ratio of W and N. We found that W,N has spin Hall conductivity as large
as —966 S/cm, enhanced by 29 % and 18 % over a- and B-W, respectively. On the other hand, WN with
three structural phases gives -194 S/cm, thermodynamically averaged over their relative formation
energies. Analysis of k resolved Berry curvature reveals that anti-crossing point near Fermi level
inTX is distinct in W,.N, responsible for large spin Hall conductivity.
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Observation of stripe width variation and skyrmion
formation and spin pumping in trilayer structure Py/Ti/
CoFeB

Kyoung—Woong MoonT, Seungmo YangT, Tae—Seong gu, Changsoo Kim, Byong Sun Chun,
Chanyong Hwang

Quantum Spin Team, Korea Research Institute of Standards and Science, Daejeon 34113,
Republic of Korea

In recent advances in magnetism, formation of Isolated domains in perpendicular magnetic
anisotropy (PMA) systems draw great interest because the isolated domains can have a topologically
protected magnetization texture known as a skyrmion [1]. Due to the topological properties of
the skyrmion, it is treated as an ideal information carrier for memory, logic, and neuromorphic
devices [2]. However, creation of skyrmion is still challenging problems. A well-known but only
half successful method is using a stripe domain state which is filled with half-up and half-down
magnetization [3,4]. What is evident is that the isolated bubble-filled state has slightly larger
energy than the stripe-filled state at zero magnetic field. Furthermore, application of a proper
perpendicular magnetic field makes the bubble-filled state the global minimum energy state [3,4]. So,
the stripe domain is thought to be a precursor for creation of skyrmion states. However, generation
of bubble domains from the stripe domains is not successful except for thin stripe domain cases,
because the stripe domain has a well-defined local minimum energy up to large perpendicular field.
Therefore, if the perpendicular field is increased from zero, the bubble state cannot be reached, and
only the stripe domain is observed [4]. This is a main reason for “half successful” . The starting
point of our discussion is that the isolated bubble magnetic domains can be formed using an in-
plane magnetic field instead of the perpendicular magnetic field. We will discuss four effects of the
in-plane magnetic field. Firstly, the in-plane field increases the stripe density. Secondly, the in-
plane field changes from a random stripe to an aligned structure, which is parallel to the in-plane
field direction. Thirdly, the in-plane field can generate bubble domains from stripe domains. Lastly,
from the above findings, we demonstrate that there exists a critical stripe width for the formation
of bubble domains (skyrmions), because the stripe width determines the energy barrier for the
trasition between a stripe domain and a skyrmion. We also want to emphasize that our finding will be
a universal method for the skyrmion creation we can create bubble—filed sates as a seed for skyrmion
in arbitrary PMA samples.

X-ray Ferromagnetic Resonance (XFMR) is the unique tool studying interactions between two
different magnetic atoms. Especially, we measured the precessional phases of CoFeB and Py in Py/
Ti/CoFeB trilayer. The precessional phase of CoFeB was modulated by spin current generated from Py
in resonance with Ti = 2, 5, 10 nm. However, without Ti, two magnetization of layers rotated with
the same phase in magnetic field. With Ti above 20 nm, it seemed like that there was no coupling.
We simulated the spin pumping effect using two LLG equations and compared the simulation with the
experimental results.
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Spin—Hall—-Effect—Modulation Skyrmion Oscillator

Hyun—Seok Whang, Sug—Bong Choe’

Department of Physics and Institute of Applied Physics, Seoul National University, Seoul,
08826, Republic of Korea

The electric—current—induced spin torque on local magnetization allows the electric control of
magnetization, leading to numerous key concepts of spintronic devices. Utilizing the steady-state
spin precession under spin-polarized current, a nanoscale spin-torque oscillator tunable over
GHz range is one of those promising concepts. Albeit successful proof of principles to date, the
spin-torque oscillators still suffer from issues regarding output power, linewidth and magnetic-
field-free operation. Here we propose an entirely new concept of spin-torque oscillator, based
on magnetic skyrmion dynamics subject to lateral modulation of the spin-Hall effect (SHE) [1].
In the oscillator, a skyrmion circulates around the modulation boundary between opposite SHE-
torque regions, since the SHE pushes the skyrmion toward the modulation boundary in both regions.
A micromagnetic simulation confirmed such oscillations with frequencies of up to 15 GHz in media
composed of synthetic ferrimagnets. This fast and robust SHE-modulation-based skyrmion oscillator
is expected to overcome the issues associated with conventional spin-torque oscillators.
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Manipulation of Critical Switching Current and Effective
Field of Spin—Orbit Torque by Interface Modulation

Ki—Seung Lee, Suhyeok An, Eunchong Baek, Jin—A Kim, Chun—Yeol You'

A Department of Emerging Materials Science, DGIST, Daegu, Korea

The control of magnetization with pure electrical current has been actively investigated because
of perspective of various spin based devices. Among them, many researches have been carried out on
the converting system from pure electric current to spin current, such as spin transfer torque (STT)
and spin-orbit torque (SOT), owe to its potential of applications including magnetic random-access
memory (MRAM), racetack memory devices, and skyrmion-based logic devices [1]. Compared with STIT,
the SOT induced magnetization control is not only considered more efficient in both energy and time
consumption, but also has structural advantages for the device applications. the SOT based devices
consist of a heavy metal (HM) and ferromagnetic (FM) layers, in here, when the pure electrical
current flows through the HM layer, transversal polarized spin current is generated by the spin
Hall effect (SHE). Moreover, for more efficient SOT, spin Hall angle (SHA) at various HMs has been
investigated: 0.15 for Ta, 0.33 for W, and 0.10 for Pt. [2, 3, 4]

However, instead of a higher SHA, for achieving more efficient SOT-based magnetic material devices
than before, manipulation of the system itself. For this investigation, we employed the Helium
Ton Microscope (HIM) for manipulated local magnetic properties and to observe the deformation
characteristics by magnetization switching, harmonics measurement, magneto-optic Kerr effect (MOKE),
and Brillouin light scattering (BLS).

Through this study, it was confirmed that the critical switching current decreased markedly by
HIM irradiation, and HIM affect to the HM layer and its interface as well as the FM layer. Detailed
results of this will be explained in the session.

References
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[2] Pai C. F. et al., Appl. Phys. Lett. 101, 122404, (2012)
[3] Azevedo A. et al., Phys. Rev. B 83, 144402 (2011)
[4] Pai C. F. et al., Appl. Phys. Lett. 104, 082407 (2014)
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Accelerating on the long way to magnetic materials
design

Stefano Sanvito’
School of Physics and CRANN Institute, Trinity College, Dublin 2, Ireland

The development of novel materials is a strong enabler for any technology, to the point that
often technology and materials innovation cannot be separated. Unfortunately the process of finding
new materials, optimal for a given application, is lengthy, often unpredictable and has a low
throughput. Here I will describe a systematic pathway to the discovery of novel compounds, which
demonstrates an unprecedented throughput and discovery speed. The method can be applied to any
materials class and any potential application. I will use the example of magnetism to introduce
the main features of the method, and I will demonstrate the discovery of several new high-
performance magnets. Furthermore, I will highlight how such high—-throughout schemes can be combined
with machine-learning methods for data-mining to extract novel materials designing rules and for
identifying new prototypes for further investigation.

Based on an extensive electronic structures library of Heusler alloys containing 236,115
prototypical compounds, we have filtered those alloys displaying magnetic order and established
whether they can be fabricated at thermodynamical equilibrium [1]. Specifically, we have carried
out a full stability analysis for in- termetallic Heuslers made only of transition metals. Among
the possible 36,540 prototypes, 248 are found thermodynamically stable but only 20 are magnetic.
The magnetic ordering temperature, T., has then been estimated by a regression calibrated on the
experimental T, of about 60 known compounds. As a final validation we have attempted the synthesis
of a few of the predicted compounds and produced two new magnets. One, CoMnTi, displays a
remarkably high T, in perfect agreement with the predictions, while the other, Mn,PtPd, is a complex
antiferromagnet .

In the second part of my talk I will discuss the use of machine-learning methods for predicting
the Curie temperature of ferromagnets, based solely on their chemical composition (see figure) [2],
and for sorting magnets into hard and soft. In particular I will discuss how to develop meaningful
feature attributes for magnetism and how these can be informed by experimental and theoretical
results. I will also show a potential promising scheme for extracting information from published
literature. All these together can pave the way for the large-scale design of novel magnetic
materials at unprecedented speed.

References
[1] Stefano Sanvito, Corey Oses, Junkai Xue, Anurag, Tiwari, Mario Zic, Thomas Archer, Pelin Tozman, Munuswamy
Venkatesan, J. Michael D. Coey and Stefano Curtarolo, Accelerated discovery of new magnets in the Heusler
alloy family, Science Advances 3, 1602241 (2017).

[2] James Nelson and Stefano Sanvito. Predicting the Curie temperature of ferromagnets using machine learning.
Phys. Rev. Mat. 3, 104405 (2019).
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Fig. 1. T; prediction as a function of composition for the ternary system
Al-Co-Fe. Data are presented as a function of the atomic fraction of

the three species and the T, is expressed as a heat map. The figure also
introduces a detailed analysis of the three relevant binary phase diagrams,
where the blue line traces the ML prediction, black crosses (green dots)

) are experimental points included (not included) in the training set. The
N o £ light-blue shadowed area in the binary plots corresponds to the range

- of predicted T, s, namely it indicates the uncertainty of the machine-
learning model. The solid square (circles) included in the ternary T

" as o1 oz
Atomic Fraction Co

diagram are for experimental data included (not included) in the training set, with the colour code describing
the T.. Numbers correspond to four known stoichiometric phases: 1) Co.FeAl, T, = 1,000 K, 2) Fe,CoAl, T. > 873 K,
3) Fe,CoAl, T. = 420 K, 4) Fe,Al, T. = 573 K.
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Topological Band Theory in a Nutshell

Youngkuk Kim’

Department of Physics, Sungkyunkwan University, Suwon 16419, Korea

The purpose of this tutorial is to introduce the basic ideas and uses of topological band theory,
which has been actively developed over the last decade to assess the topological properties of band
structures. Following a brief introduction to the band theory and the role of topology in band
theory, I will give several examples of topological analysis for archetypal topological phases,
including quantum Hall insulators, Z2 topological insulators, and Weyl semimetals. Practical methods
for diagnosing topological invariants will be delineated, such as the Berry phase, Chern number, and
72 topological invariant. I will close with a discussion about the recent developments associated

with magnetic topological materials.
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Generalized Equation for Magnetic Domain Wall Chirality
with Consideration of Domain Wall tilting

Jung—Hyun Park"”, Dae—Yun Kim?, Yune—Seok Nam', Hyun—Seok Whang",
Sug—Bong Choe'

"Department of Physics, Seoul National University, Seoul, 08826, Korea
ACenter for Spintronics, Korea Institute of Science and Technology (KIST), Seoul, 02792,
Korea

The domain wall chirality is the key parameter in recent experimental schemes to measure the spin-
orbit torque and Dyzloshinskii-Moriya interaction, both of which have recently been main research
topics. These schemes, so far, are based on a model that the domain wall is placed transversely
to magnetic wires without consideration of tilting. Here, we report that, in materials with
Dyzloshinskii—Moriya interaction, an in-plane magnetic field longitudinal to the magnetic wires
exerts a torque on domain walls and consequently, the domain walls have to be tilted. A generalized
equation reveals that the tilting-angle dependence of the Zeeman energy is distinct to the other
energies and thus, the equilibrium angle is determined by counterbalance between those energies.
Due to the energy relaxation with tilting, the transition region of the domain wall chirality
is broadened. Therefore, the present generalized equation provides a better realistic model to
understand the experimental observations in measurement schemes of the spin-orbit torque and
Dyzloshinskii-Moriya interaction
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Influence of W Thickness on Perpendicular Magnetic
Anisotropy in Pt/Co/W(111) Superlattices

Thi Huynh Ho, Sanghoon Kim, S. H. Rhim', S. C. Hong"

Department of Physics and Energy Harvest Storage Research Center, University of Ulsan,
Ulsan 4}4610, Republic of Korea.,
Corresponding authors: sonny@ulsan.ac.kr, 'schong@ulsan.ac.kr

Recently, Pt/Co/W(111) systems with reflection asymmetry are reported to exhibit strong
perpendicular magnetocrystalline anisotropy (PMA), which leads to great attractions for spintronics
applications.™? However, the influence of the W-capping on PMA of Pt/Co have not been clearly
revealed. In this work, ab initio calculations have been performed to investigate PMA of Pt/Co/
W(111) superlattices. W thickness dependence of PMA is obvious, whose maximum occurs for three
monolayers of W (Fig. 1). Orbital hybridizations at the interfaces play a significant role in PMA.
In particular, PMA is proportional to orbital magnetic anisotropy (m",, - m',,), which is in good
agreement with the so—called Bruno relation.” The analysis within the framework of second-order
perturbation theory as well as k- and m-resolved PMA indicate that most contributions originate from
the I' point by the orbital coupling {Iml=2 | L, | Im|=2)>

Keywords: magnetocrystalline anisotropy, superlattices, thickness dependence
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Fig. 1 PMA energy with respect to W thickness. The red circled-dashed line and blue squared-line indicate the

experimental and theoretical results, respectively. The number of layers corresponds to the W thickness used in
calculations.
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Emergence of the anomalous Hall effect from a
compensated collinear ferrimagnetism
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of Korea

It has long been believed that the anomalous Hall effects can only be observed in ferromag— netic
materials. It is clear, however, that any magnetic material can exhibit the anomalous Hall effects

because the time-reversal symmetry is absent

in those systems.

In this work, we investigate the

compensated collinear ferrimagnetic material Mn3Al with the magnetization along £ axis. We found
that the Hall conductivity “=v only survives under the constraint of the magnetic symmetry while
the Berry curvature can be non—trivial even for ¥Z and ZX components. The explicit first-principles
calculations reveal that Txy indeed has a quite large value about 300(Qcm)™t as shown in the

figure below.

The Berry curvature ﬂx,}r(k} on the Fermi surface is shown below to illustrate non-trivial
topological aspects of the band structure of Mn3Al.
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Local control of magnetization of CoO, thin films by He
jon irradiation

Jisu Kim", Seongboo Park’, Eunkang Park', Nyun Jong Lee", Taekhyeon Lee®, Ji-Seok Yang®,
Ki—Seung Lee?, Chun—Yeol You?, Kab—Jin Kim® Young—Han Shin', Sanghoon Kim'

'Department of Physics, University of Ulsan
’Department of Emerging Materials Science, Daegu Gyeongbuk Institute of Science & Technology
*Department of Physics, Korea Advanced Institute of Science and Technology

Magnetic nanoscale patterning is one of the most important technology not only for high density
of magnetic recording media, but also for developing spin logic devices or spintronic devices. It
has been reported that when the magnetic oxide is reduced by proton irradiation, both the local
phase and anisotropy of the magnetic thin film can be controlled in terms of the degree of reduction
without defect formation. That is to say, such proton irradiation technique has advantages for the
non—destructive nano patterning.

In this presentation, we demonstrate that such local phase control of the transition metal oxide,
CoOy for this study, can be done with He ion irradiation. Use of He ions also has advantage for the
non—destructive nano patterning due to light mass. The reduction mechanism is also discussed based
on the molecular dynamics study with ab initio calculation.

‘corresponding author: sanghoon.kim@ulsan.ac.kr

This work was supported by NRF-2018R1A4A1020696, NRF-2019R1C1C1010345, NRF-2018R1A6A3A11041061,NRF-
2017R1A2B3002621) and by the Samsung Research Funding Center of Samsung Electronics under project
no. SRFC-I1T1901-11.
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Non—vanishing Anomalous Hall Effect in nearly
Compensated Ferrimagnet Mn;Al

Guihyun Han"', Minkyu Park?, Su Yeon An', Soon Cheol Hong'?®, S.H. Rhim'?

"Department of Physics, University of Ulsan, Republic of Korea.
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Energy Harvest-Storage Research Center, University of Ulsan, Republic of Korea.
(schong@ulsan.ac.kr, sonny@ulsan.ac.kr,)

Anomalous Hall effect (AHE), discovered by Edwin H. Hall, has long been believed to occur only in
ferromagnets with non-vanishing magnetization. Contrary to this conventional wisdom, AHE is reported
in other magnetic systems such as noncollinear and collinear antiferromagnets [1-3] and compensated
ferrimagnets [4].

In this work, using density functional theory, AHE is investigated for Mns;Al with nearly
compensated magnetization.

Hydrostatic volume changes from -5 to 5 % are taken into account, electronic structures near Fermi
level are elucidated with Berry curvature analysis.
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Claudia Felser, and Yan Sun, Phys. Rev. B 97, 060406(R) (2018).

AHE for various volumes under hydrostatic limit

Volume-dependent AHE under hydrostatic limit is investigated. We consider from -5 to 5 % volume change whose AHC
are 700 600 450 S/cm

Change of bands near Fermi level upon volume change are elucidated along with Berry curvature analysis
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Two—dimensional Fe;GeTe,: strain effect on magneto—
crystalline anisotropy

G Hye Kim', Qurat ul Ain, Soon Cheol Hong, S. H. Rhim

Department of Physics and Energy Harvest-Storage Research Center, University of Ulsan,
Republic of Korea.,
(schong@ulsan.ac.kr, sonny@ulsan.ac.kr)

Magnetism in two-dimensional van der Waals materials [1][2] has attracted huge attention recently,
where Fe,GeTe, (FGT) is one of them with relatively high T.~130K [3]. Here, using density-
functional theory, strain (_5%{‘ n= 5%) dependent magnetism and magneto-crystalline anisotropy
(MCA) of FGT monolayer as well as bilayer are investigated. Firstly, without strain (11_0%},
bilayer FGT (Fig. 1) of A-type antiferromagnetic (A-AFM) energetically favors over ferromagnetic (FM)
(AE=15.96 meV). Moreover, A-AFM to FM transition occurs at strain of 14.16% (Fig. 2). Secondly,
MCA is evaluated using force theorem with band analysis. While monolayer FGT exhibits perpendicular

MCA for all M, bilayer shows perpendicular MCA for most of " but in-plane MCA for T = —5%.
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References

[1] Kenneth S. Burch, David Mandrus and Je-Geun Park, Nat. 563, 47 (2018).
[2] M. Giberini, M. Koperski, A. F. Morpurgo and K. S. Novoselov, Nat. Nanotechnol. 14, 408 (2019).
[3] Zaiyao Fei, Jiun-Haw Chu and Xiaodong Xu et al, Nat. Mater. 17, 778 (2018).

_26_



MTO07

Mn4C2| XIS: M| A&t

o
M
=]
oo
0x
rO

Ofol
MH>
13

htdista E@stat, 44§ tish= 93, 44610

H AZE A7) gghE ndCE Hx= A= 4 %—8}%1, XRD s Faf MndCel AT
H 19 2 guAoln] AR a=3.868 A Zlow FIFUTHI 1% n4N4 A4z} FArs
[2]. EEZE MndCe] :E3pAS7E 257 Zehgkel mhef 590 K?M 17}0}04 A_ﬂil of =gk o] 870 K(T_c)
A= sk Sold T & RSOk, 23k48b7) 500 K7bA] 5o uwheh S7behs @42 dnt

ARl A Ao A= By =7 5ot

H Ao A= MndCe %—‘—ET??_ Zpd el Ao1S FHElr] 918kl Vienna Ab-initio Simulation PackageZ
olg3to] AL AAS TSt AA T Akl 14 x 14 x 14 Monkhorst-Pack k-point L& A}

&oklaL, Aoy A= 500 eV AREslSlith. AAE A, ol A P gk MndCe AAMdF+= a=3.782
Rollar, StAH A7FxE ¥ 139 22 FAAALAZR dAFEJT. Mnl I Mnl o A7|EHEE 7+
7} 3.383 uB, 1.274 pBZ AXtES] F A7|RWE= 0.239 pB/unit-cello]@lth. ¥ ALt Ay 29
Q1 3.868 A ¥ 0.26 uB/unit-cell®} vl A 2z AXFFATH 1], MndCe] S HAHs7] $18) Pl
UAE AAtstar 1 Aafel] disl] Basta =od AlE o),

i ) 10-0 i bos ﬂ '|
— S, — i 7.5 |'| |'|
W f'l| | N
g 50 /\ A A
i | |
Y £ 25 A A

Wa' i £ ‘s 0.0 M AT \"’ q\kﬂf Il'k
Yy ® O ERR WV RN
Mn 1 g 25 AW VA VAAY 'Wig'

I O w S _so \hj V \/

o V

N O wman ~7.5
)
= __(_,f_ 0 c 05T s T 3 2 41 0 d
E (eV)«
a9 1. MndCo] ZAT% 29 2. MndCo] AEiE
References

[1] Ping-Zhan Si, Hui-Dong Qian, Hong-Liang Ge, Jihoon Park, and Chul-jin Choi, Appl. Phys. Lett. 113, 049903
(2018).
[2] W. J. Takei, R. R. Heikes, and G. Shirane, Phys. Rev. 125, 1893 (1962).

_27_



MTO08

IPMSM2| S3HET HMS O AXE 17 X XX} B HB
2 S VALY ZXL WM 25

Ju-Hyeong Moon"", Dong-Hwan Kim?, Jong-Hwan Cho’, Sung-Gu Lee*, Dong-Woo Kang'

'Department of Electrical Energy Engineering, Keimyung University, Daegu 42601, South Korea
2STAR GROUP IND. Co., LTD, Daegu 42714, South Korea
*Valeo Pyeong Hwa co, LTD, Daegu 42921, South Korea
‘Department of Electrical Engineering, Dong-A University, Busan 49315, South Korea

Currently, in many fields of research for miniaturization and high efficiency of electronic parts
are being conducted in order to reduce the weight and improve efficiency of electric vehicles.
Therefore, the research was conducted for the purpose of optimal design to improve the efficiency
of the motor and reduce size of motor in this paper. We redesigned the distributed winding model
into the concentrated winding model as first step of optimal design process by changing the winding
method. The purpose of this research is to reduce the weight of the motor by reducing the end coil,
improving the operation efficiency at the low speed section and increase the output by changing
the winding method. In order to solve irreversible demagnetization problem, this paper analyzes
the rotor design parameters that are a major factor in the irreversible demagnetization and design
the structure to improve them. Since then, we have implemented the loss reduction and efficiency
improvement design through the optimization of the stator design parameters. Finally, to verify the
reliability of the simulation results, load experiments using dynamo test bench were conducted and

analyzed.
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Unusual pressure—induced quantum phase fransition
from superconducting to charge—density wave state in
LuPd,In
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‘Department of Physics Education, Kyungpook National University, Daegu 41566, Korea
Korea Atomic Energy Research Institute (KAERI), 111 Daedeok-daero, Daejeon 34057, Korea
Division of Advanced Materials Science, POSTECH, Pohang 37673, Korea

The charge density wave (CDW) is often competing with superconductivity because they originate com-
monly from the electron—phonon coupling. In typical metallic materials showing the CDW property, the
pressure induces the phase transition from CDW to superconducting (SC) state due to the suppression
of nesting feature. In this work, we have found the occurrence of intriguing phase transition from SC
to CDW state in pressurized cubic-Heusler compound LuPd2In, which is quite unusual in view of that
the pressure is detrimental to the CDW state in usual systems. Based on ab initio density functional
theory, we have demonstrated that this abnormal transition originates from the extraordinary
softened—phonon mode, which first enhances the SC transition temperature, but eventually yields the
phonon softening instability so as to bring about the CDW transition. This extraordinary transition
originates from the occurrence of phonon softening instability at a special q = M in the Brillouin
zone. We have thus proposed that LuPd2In is a quite unique material, in which the CDW quantum
critical point is realized under the SC dome by applying the pressure.
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Structural Control of Demagnetizing Field in the Magnet
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Technology, Ulsan 44919, Republic of Korea

Devices such as electric vehicles and power generators utilize the magnetic energy of permanent
magnet. To meet the increasing demand for such devices, researchers have actively been developing
permanent magnets with higher efficiencies and lower cost [1-2]. Magnetic energy emitted by the
magnet 1s represented by the energy product BH, which is twice the energy stored in the stray
field outside the magnet. It can be obtained from the volume integral of the square of the stray
field outside the magnet, or from the volume integral of the dot product between the demagnetizing
field Hd and the internal magnetic flux density B. As noted by Skomski and Coey et al [3], BH is
determined rigorously from the hysteresis loop by considering the exact working point because Hd is
determined by the shape of the magnet, which results in the magnet of specific shape should be used
in order to have the maximum energy product. In this work, controlling the demagnetizing factor by
designing the internal structure of the magnet is investigated by micromagnetic solver [4]. As a
model system, Sm2Col7 for hard-magnetic material and FeCo for soft-magnetic material are adopted [5-7]
and arranged with periodicity. From the simulation results, the demagnetizing factor is successfully
controlled, which results in reducing limit of the shape of the magnet for maximizing the energy
product .
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Temperature and angle—dependence magnetization
reversal behavior in a FePt—C granular thin film
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Magnetic thin films have been studied in a way that induces various phenomena such as perpendicular
magnetic anisotropy and magneto-resistive effect through a change in the structure such as
superlattice materials and multilayered materials. Among magnetic thin films, the granular thin films
refer to the formation of magnetic particles of several nanometers in diameter in one magnetic
layer. Such granular magnetic thin films have been studied a lot as a media material for hard disk
drives.

Recently, for the development of ultra-high density HDDs, granular thin films made of magnetic
materials having high magnetic anisotropy be studied. In this study, we discuss about the change in
coercivity according to the angle and temperature of the FePt-C granular thin film with high magnetic
anisotropy, and the thermal stability was evaluated using Shorrock equation applied Stoner-Wohlfarth
model . [1]

Acknowledgments This work was supported by the Brain Korea 21 Plus Program (Human Resource
Center for Novel Materials Research Experts) through the National Research Foundation of Korea
(No. F19SR21D1101) and the National Research Foundation of Korea(NRF) grant funded by the Korea
government (MSIT) (No. NRF-2018R1A4A1020696, 2017R1A2B3002621 and 2019R1C1C1010345).
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Three—dimensional dynamic mode of the magnetic
vortex in a permalloy circular disk
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The magnetic vortex has received a lot of attention owing to high stability and its tiny size. It
is composed of the out-of-plane vortex core and in-plane curling magnetization [1]. The magnetic
vortex has rich dynamic modes including the gyrotropic mode, azimuthal and radial spin wave modes,
which can facilitate the development of the energy-efficient nano-oscillator [2,3]. It is well-
known that the vortex core is rigid during dynamic motion. However, recently, it is reported that
the magnetic vortex shows a flexible oscillation of the vortex core in thick ferromagnetic elements
[4,5]. In this works, our micromagnetic simulation results show three-dimensional (3D) dynamic mode
of vortex core in a permalloy circular disks by applying AC out-of-plane current. We found the size
oscillation of the vortex core and it 1s closely associated with the spin-transfer torque and oer-
sted field effect. In addition, we found that the vortex core can be switched through the resonant
excitation. We believe that our works contribute to design the vortex-based spintronic devices in-
cluding neuromorphic device and logic device.
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The exchange-coupled soft—and hard-magnet has been considered as a good candidate for a future
high-efficient permanent magnet since it can acquire high saturation magnetization and high
coercivity from soft— and hard-magnets, respectively. However, to achieve such an ideal advantage
from both magnets, very rigorous design of structures and mixing ratio are required. To do this,
various types of exchange-coupled magnet has been investigated including multi-layer, mixture, core/
shell structures. The cylindrical core/shell structure are particularly advantageous owing to large
interface and versatility at controlling compositions and a demagnetization factor by dimensions.

Since the energy product corresponds to the energy stored in the stray field produced by the
magnet itself, it should be measured from demagnetizing field, Hd and the flux density, B at the
remanent state. In this study, we investigate the energy product of the cylindrical core/shell
structure, which do not mean the maximum energy product estimated from a hysteresis loop for a
single aspect ratio, but the energy product considering Hd of the system at the remanent state by
using micromagnetic simulations. As a model system, we adopted cylindrical core/shell structure
composed of the soft-magnetic shell and the hard-magnetic core. To estimate the energy product, the
hysteresis loops were calculated by applying external magnetic field along with easy axis and Hd and B.
The results reveal that the energy product basically depends on the ratio but the dimension of the
whole system contribute dominantly in the high energy product range. By optimizing the dimension
and the ratio, the energy product can reach to very high value of 90 MGOe. We finally expanded this
model to iterative array structure of the cylindrical core/shell.
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Fig. 1. The phase diagram of the energy product according to the ratio of
the soft-magnetic shell and the diameters of the hard-magnetic core.
The energy product is plotted as black dots, and its color is linearly
interpolated in each diameter. The black and white dashed line indicates
that the calculated nucleation field is zero and the theoretical maximum
energy product of the hard phase.
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Due to the tiny size of magnetic skyrmions with their unique topological robustness, they hold
the promise of low—energy and high-density memory devices. To utilize the magnetic skyrmions for
future spintronic devices, their atomistic nature should be studied because this topological spin
structures formed physically on the atomic sites in the monolayer-scaled-thickness thin films.
I.e., it is indispensable that the magnetic skyrmions are influenced by the surface roughness and
the thermal fluctuation. To address those atomistic effects on the skyrmions, we adopt a numerical
method based on atomic-scaled micromagnetic model. In this work, we focused on the effect of
atomistic defects on the dynamics of skyrmions, particularly, the breathing mode. As a model
system, monolayer Co nanodisk with 60 nm diameter was used. We assumed that the Co film has simple
cubic (SC) structure with the lattice constant of 2.5 A and the interfacial Dzyaloshinskii-Moriya
interaction (DMI) appears only at the bottom surface. The DMI is considered as the tensor form of
magnetic interaction between neighbor spins. To explore the effect of roughness, we assumed that the
vacancies are formed randomly on the top surfaces of the Co film with various number of vacancies.
Fig. 1(a) reveals clearly that the size of skyrmion in a steady state is affected sensitively by the
surface roughness; the vacancies shrink the skyrmion. As shown in Fig. 1(b), the breathing mode is
affected dramatically with the roughness. While its eigenfrequency was enhanced with increasing the
roughness, its amplitude and the quality factor decreases. This reveals that the atomistic defects
can significantly weaken the topological robustness.

b 5x1 05 L] L] T T
The number of defects

0
-~ 4x10® 12.5 ------ 500 4

x10°
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Intensity (a.u.)

1x10°

The number of defects : 1500 Frequency (GHz)

Fig. 1. (a) Expanding and contracting skyrmions with 0, 1500 atomistic defects. (b) Fast Fourier
transformation (FFT) spectra for skyrmion breathing mode.
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Magnetic skyrmions can be ideally incorporated into the future spintronic devices, owing to their
unique advantages such as extremely small sizes in the nanometre range and particle-like behaviors
[1-3]. The prerequisite for developing such skyrmion-based potential devices relies on how stably
and quickly guide the movement of the skyrmion propagated at the boundaries of a confined structure.
However, there exists a threshold current density where the skyrmion can be annihilated from the
boundary edges of the nanostructure, which places an upper limit for the speed of current-induced
skyrmion propagation [4,5], if the system is not specially designed to suppress the skyrmion anni-
hilation at the boundaries. Although several earlier studies have been presented by using curbed
nanowire structures [6] or electric-field-controlled magnetic anisotropy [7], there still exist prac—
tical difficulties to be applied to integrated circuits. In this work, we propose, via micromagnetic
simulations, a simple planar track-type structure to stably confine and quickly guide the skyrmions
by spatial modulations of Dzyaloshinskii-Moriya interaction (DMI). The boundaries located between
highly- and lowly-modulated DMI regions can strongly suppress the skyrmion annihilation and signifi-
cantly enhance the maximum speed of the skyrmion propagation. In such system, the skyrmion can be
facilely guided on a curved track which has a 18092 turning angle. These findings are expected to
possibly utilize the skyrmions into race-track—-1like computation devices.
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Abstract

Numerical generation of physical states has been an important task across all scientific research
fields including magnetism not only to understand experimental results but also to predict or
investigate the characteristics of the uncharted systems. We devised a variational autoencoder
based machine learning model to generate magnetic states. In the model, the magnetic Hamiltonian
calculation explicitly participates in the training process to generate magnetic states that is more
energetically stable with less local noises and less deformation of magnetic structures compared
to those without considering Hamiltonian. Another great benefit of this model is that the generator
produces a ground state spin configuration when the influence of the Hamiltonian is increased, though
the ground state is not included in the training process. Based on this study, we anticipate that
the proposed Hamiltonian-guided generative model can bring about great advances in various scientific
research fields conducted by numerical approaches.
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Figure. Sampled states from variational autoencoder.
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In spintronics, spin pumping with magnetization precession by ferromagnetic resonance (FMR) has
received great attention because it facilitates an alternative method for generating pure spin cur-
rent from ferromagnetic materials (FM) and injecting it into a normal metal (NM) at room tempera-
ture. The generated spin current could be converted into a transverse charge current in NM via the
inverse spin Hall effect (ISHE). Also, the FMR is a useful method to analyze the spin dynamics of
ferromagnetic material. Recently, there has been a many study for the spin dynamics and a spin-
charge conversion of FM/NM heterostructure at the various range of temperature because of the T. (Curie
temperature) of ferromagnetic materials.

Now, the commercial FMR measurement system used in Korea is supplied by Quantum Deign
Incorporation (U.S.A.) with NanOsc instruments. This FMR system can only use in PPMS (physical prop-
erty measurement system) chamber of Quantum Deign, and it is very expensive excluding the price of
PPMS.

For localization of the FMR system, we have developed a customizable ISHE-FMR system which 1is
cheaper than the commercial FMR system (Quantum Deign Inc.). The developed ISHE-FMR system can si-
multaneously measure the ISHE voltage and FMR signal in the various range of temperature (2 K ~ 300
K). From this ISHE-FMR system, we measured the FMR derivative absorption signals and ISHE voltage
of molecule-based magnet (Cr-PBA, T. = 220K) as well as Co (5 nm) and polycrystal YIG (20 nm) thin
films in low temperature. In this poster section, we will show the design and manufacture process of
[SHE-FMR system briefly, and discuss the Gilbert damping parameter of all the test samples compared
with References value.
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Stabilization of chiral domain-walls (DWs) is a key issue to achieve high performance spintronic
applications such as memory and data storage devices with high speed and high durability [1]. Such
stabilization can be achieved by the Dzyaloshinskii-Moriya interaction (DMI) in structural inversion
asymmetry systems [2-4]. It is therefore important to analyze the strength of DMI accurately and
thus, there have been also numerous efforts devoted to quantifying the DMI [5-6]. However, many of
the DMI measurement schemes have a trouble with severe artefact caused by additional asymmetries
such as the chiral damping [7]. Here, we propose a new scheme to measure the strength of the DMI-
induced effective field H_DMI, based on the DW roughness. According to the creep theory [8], the DW
roughness w_DW follows a scaling law with the DW energy °_DW as a form of "_DW~°_DW °, where °_DW
is given by a function of the in—plane magnetic feld H, as

_ mRAMs? 2 4Kp
opw(Hy)= % ~ “axp (Hy + Hpyp)® for |Hy + Hpwl < s, (0
o + 2Kpd — mAMg|H.. + Hpp | otherwise

at equilibrium. Here, o_0 is the Bloch-type DW energy density, K, is the DW anisotropy energy
density, A is the DW width, and M_S is the saturation magnetization [5]. The equation provides that
w_DW (H_x) has its minimum value at H_x=-H_DMI, where the maximum o _DW also appears. Therefore,
measurement of w_DW (I_x) provides a way to determine H_DMI. The present scheme was then applied
to determine H_.DMI’ s in Pt/Co/Pt ultrathin films, which exhibit both sizable DMI strength and
strong perpendicular magneto anisotropy. To check the validity, H_DMI’ s were again measured by
other independent measurement schemes based on the DW velocity v_DW [5]. Figure 1 shows the plots
of (a) w.DW and (b) v_DW with respect to H_x. It is clear from the plots that both experimental
schemes show the same strength of H_DMI and therefore, we confirmed the validity of our present DMI
measurement scheme based on the DW roughness.
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Figure 1. Plot of (a) w_DW and (b) v_DW with respect to H_x, respectively.
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The magnetic thin film with inversion symmetry breaking has been investigated because of its great
potential for application of magnetic random access memory (MRAM) devices and scientific interests
about spin-orbit coupling (SOC) phenomena. Especially because Heavy-metal (HM) / Ferromagnet (FM)
/ Oxide (MgO) structure has strong SOC at the HM/FM interface and inversion symmetry breaking sys-
tem, resulting in strong perpendicular magnetic anisotropy (PMA) [1], spin-orbit torque (SOT) [2]
and Dzyaloshinskii-Moriya interaction (DMI) [3,4], many researchers have been attracted and then
many studies also carried out. Furthermore, not only phenomena itself, modulation research also has
been conducted owe to its potential of applicating or improving magnetic material-based devices [5].
Although controlling interface induced magnetic properties is important for many reasons, these ef-
fects are directly related with the symmetry broken system itself and therefore manipulating and
standardizing in sub-micron scale remain many challenges.

Here, we report that local magnetic properties are modulated by He" ion irradiation at Pt/Co/Mg0
structure using Helium Ion Microscope (HIM). The Pt(5)/Co(0.8)/Mg0(2) structure is irradiated by
He" ion with the dose range from 0 to 30 ions/nm*, then effective PMA energy density, SOT switching
critical current, and interfacial DMI energy density are investigated as function of irradiation
dose. As a result, with the growing of dose values, changing of PMA energy density, SOT switching
critical current, and interfacial DMI is observed but tendency is not simple. All of those phenom—
ena depend on the interface state itself, but the reason for the different tendency is that the
structural changes, resulting in the variation of SOC, degree of inversion symmetry breaking, and
interface roughness caused by He' ion irradiation, are working at each phenomena with different
rates. From these results, we expect that low energy switching SOT devices and skyrmion-based logic
devices also could be improved by light ion irradiation process.
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Antiferromagnetic (AFM) materials are one of the future memory device candidates with the
advantage of being robust to an external magnetic field and no fringing magnetic field [1]. However,
for the same reason, it is difficult to manipulate magnetic states of an AFM. In recent years, there
have been many reports of manipulating antiferromagnet by current injection [2,3]. In the AFM/heavy
metal (HM) structure, the spin current due to the spin Hall effect of HM manipulates the AFM Neel
vector. However, the difficulty of detecting AFM Neel vector limit relating researches. One of the
ways to detect the AFM state is exchange bias (EB) in Ferromagnetic metal (FM)/AFM structure. Many
studies reported that employ the EB to detect AFM switching by spin orbit torque in AFM/HM structure
[4]. However, the underlying mechanism of how the spin torque act on EB has been unrevealed.

Here, we observe 3-dimensional control of EB by SOT in the Pt/Co/IrMn as a typical HM/FM/AFM
heterostructure. The EB field is switched by applying a current pulse to the Hall bar and detected by
anomalous Hall effect of Co. Injecting a single current pulse under an external magnetic field set
the FM state arbitrarily and manipulate exchange bias field depending on FM state simultaneously.
Furthermore, the multi-domain, 3-dimensional state can be imprinted on the AFM under various
external magnetic fields. To exclude the Joule heating effect, the maximum temperature during current
pulse injection is estimated from the change of resistance and confirmed that the maximum temperature
1s below the blocking temperature.

References

[1] V. Baltz, et al., Antiferromagnetic spintronics. Rev. Mod. Phys. 90, (2018)

[2] P. Wadley, et al., Electrical switching of an antiferromagnet. Science 351, 587-590 (2016)

[3] X. Z. Chen, et al., Antidamping-Torque-Induced Switching in Biaxial Antiferromagnetic insulators.
Phys. Rev. Lett. 120, 207204 (2018)

[4] P.-H. Lin, et al., Manipulating exchange bias by spin-orbit torque. Nat. Mater. 18, 335 (2019)

_42_



MDO05

Linear Dependence of Creep Scaling Constant on
Co—-Layer Thickness

Seong—Hyub Lee: Joon Moon, Ji—Sung Yu, Sug—Bong Choe'

Department of Physics & Astronomy, Seoul National University, Seoul 151-742, Republic of Korea

Despite apparently different phenomena, many of systems often follow unified dynamics laws such as
fluid invasion of porous media, vortex lattices, charge-density waves, and contact lines during wet-
ting of solids by liquids. Among these various disordered systems, magnetic multilayer systems pro-
vide test body to analyze the disordered media with their dynamics, especially through the behavior
of magnetic domain wall motion under application of external field. Here we report the relation be-
tween the creep scaling constant a and the ferromagnetic layer thickness tCo in various tri-layer
magnetic systems. For this study, we prepared a series of magnetic ultrathin films using DC magnetron
sputtering system. The detailed layer structure is Ta (5 nm) / X (2.5 nm) / Co (tCo) / Pt (1.5 nm)
on Si (525 pm) / SiOX (100 nm) substrates, with three different heavy metals X (=Au, Pd, and Pt)
over the tCo ranges (0.3~0.9 nm) with 0.1 increments. And then, creep motion was observed by use of
a polar magneto-optical Kerr effect (MOKE) microscope. Under application of external magnetic field H,
the domain wall speed v follows the creep scaling law v=vOexp(-aH-pu ) of elastic interfaces, where
vO is the characteristic speed and p (=0.25) is the creep exponent. Figure 1 plots a with respect
to tCo for different X. The figure clearly exhibits the linear proportionality between a and tCo
irrespective of different X. This clear linear proportionality provides us a way to predict the ef-
fective ferromagnetic layer thickness in perpendicular magnetic anisotropy ultrathin films.
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FIG. 1. Linear proportionality of the creep scaling constant a over the Co-layer thickness
tCo of Ta (5 nm) / X (2.5 mm) / Co (tCo) / Pt (1.5 nm), where X (=Au, Pd, and Pt) over
tCo ranges (0.3~0.9 nm) with 0.1 nm increments.
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Magnetic and mechanical properties of 17—4PH
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CoFeB has been used as a ferromagnet layer of various magnetic memory devices since the discovery
of high TMR and thermal stability (A), low critical current (Ic), and perpendicular magnetic
anisotropy (PMA) characteristics required for spin torque MRAM (ST-MRAM). However, when scaling
down required in the device stage, a decrease of A and an increase in Ic were inevitable according
to the smaller cell size. For successful device engineering, the need for new modulators that
can offset such changes has been raised. Here, we present the tendencies of fundamental magnetic
properties, such as the saturation magnetization (MS), exchange stiffness (Aex), and gilbert damping
constant (a) according to the Boron composition of the 22nm CoFeB stacked as MgO/CoFeB/Mg0O. This
approach presents a significant change of MS, Aex, a according to Boron composition and a clear
structural correlation of the phenomena.
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Fig. 1. BLS and FMR results. BLS results for the (a) saturation magnetization, and (b) exchange stiffness (Aex)
on Boron concentration. FMR results for the (c) saturation magnetization and (d) Gilbert damping constants on
Boron concentration. Brown disks represents 18nm CoFeB for confirmation.
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Fig. 2. XRD spectra. BCC (002) peak of CoFeB was observed and the peak intensity decreases according to
increasing Boron concentration. The peak intensity disappears from 6% of the Boron composition.
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Fig. 3. TEM cross—section and FFT images. The dominant crystallinity of the CoFeB layer is BCC Crystalline up
to 4% of the Boron composition, and then rapidly becomes amorphous as the Boron composition increases.

_47_



MDO09

Investigating the structural magnetic and
magnetocaloric properties in Ce—doped Lal.4-
xCexCal.6Mn207 (0 £ x < 0.4) bilayer manganites

Akshay Kumaf,th Ji Shin, Ji Eun Lee, Bon Heun Koo'

School of Materials Science and Engineering, Changwon National University,
Changwon, Gyeongnam, 51140, Republic of Korea

Abstract

Controlled substitution of Cerium (Ce) in place of Lanthanum (La) was performed in Lal.4-
xCexCal.6Mn207 (x = 0.0, 0.1, 0.2, 0.3 and 0.4) to explore a possible enhancement in the magnetic
and magnetocaloric properties of the material. The samples were produced following the solid-
state reaction route. Rietveld refined XRD profiling was used that established the bilayer tetragonal
structure (I14/mmm) of the Ruddlesden-Popper Phase in all compositions. Significant variations in the
unit cell parameter were observed upon incorporation of Ce in place of La. All samples displayed
well-defined ferromagnetic to paramagnetic transition at their transition temperature (TC). Against
the pristine sample, the magnetic entropy change (ASy) increased from 3.1 Jkg -1K-1 for the
parent compound to 3.84 Jkg -1K-1 for x = 0.1 composition under 2.5 T applied field with controlled
substitution of Ce. Highest relative cooling power (RCP) values of 102 Jkg -1 were obtained in
the x = 0.1 samples at 2.5 T applied field. Our findings in this work suggest enhanced magnetic and
magnetocaloric properties in the Ce-doped samples and support the possibility of further tailoring
these materials for applications in magnetic refrigeration technology.

Keywords: Magnetocaloric properties, Ruddlesden-Popper Phase, transition temperature (TC),
relative cooling power (RCP), magnetic refrigeration
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Fe3GeTe2 (FGT) holds a unique position among ferromagnetic materials due to the hidden inversion—
symmetry breaking and the topological band structure. Recent development on Al203-assisted
exfoliation enables isolation of FGT nanoflake with thickness down to monolayer, which can be
utilized for spintronic applications based on van der Waal heterostructures. Particularly, due
to the broken inversion symmetry of the single layer, the current-induced spin-orbit torque(SOT)
has been predicted to be effective to control the magnetization, which may remain robust even in
a few layers of FGT. In this work, we will present experimental evidence for the current—induced
manipulation of magnetization in FGT nanoflakes. Possible implication on the high-efficiency SOT based

switching device will also be discussed.
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In the department of memory devices, there is a kind of requirements for storing performance
such as non-volatility, storing volume and processing ability. Especially, the processing speed
1s an issue of the memory devices field. Similar to hard disk drive memory, Domain wall devices
that utilize phenomena occurs in magnetic materials have been steadily developed such as racetrack
memory. When it comes to domain wall memory devices, processing ability associate with domain wall
speed. To achieve processing speed for comparison to other memory devices such as solid state
device, dynamic random access memory or more than that, driving force such as a magnetic field or
current should be higher, or we can adjust the width of the racetrack that affects to domain wall
energy.

To identify shape is affect to domain wall energy, we choose a Pt(5)/Co(1.2)/Ta(2) multilayer film
that has a perpendicular magnetic anisotropy with the trapezoid shape Hall bar system. In the narrow
region of the trapezoid shape which has a lower domain wall energy, the velocity of the domain wall
1s increased. We designed three angles for trapezoid 30, 40 and 50 degree. Domain wall velocity is
observed magneto-optical Kerr effect microscope imaging method. Consequently, effective field that
caused by shape effect, 1s increased as trapezoidal angle is increased. And velocity increment
percent 1s also proportional to angle.

By using Hall bar system, we can designate starting and end point of domain wall position. As you
can see in the fig. 1., Hall resistance will be change whether domain wall pass through the line
or not. The result is expected that domain wall energy can be controlled by shape effect so that
enhancement of processing speed.
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Figure 1. Voltage difference according to domain wall position
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Recently, the current-induced domain wall (DW) motion as well as the field-driven DW motion in
ultrathin ferromagnetic (FM) film with Dzyaloshinskii-Moriya interaction (DMI) effect has been
mainly studied to examine unique behavior of DW motion. In general, it has been researched that
asymmetric DW propagation with application of both out-of plane and in-plane external magnetic field
(Hext) was resulted from DMI effect in ultrathin film with perpendicular magnetic anisotropy (PMA).
On the other hand, the DW motion of FM layer dependent on configuration of antiferromagnet (AFM)
spins was not mainly researched and reported yet, even though the exchange-bias phenomenon due to
an exchange coupled AFM/FM bilayers has been studied for a long time over several decades. Thus, we
investigated field-driven DW motion of ultrathin FM layer with PMA, exchange coupled with AFM IrMn
layer. Furthermore, it was realized that perpendicular field-driven asymmetric DW was propagated
by uniaxial alignment of AFM spins at the interface between AFM/FM bilayer without in-plane Hext.
Additionally, 1t was possible to control asymmetric DW motion by manipulating configuration of AFM
spins using injection of spin hall current.
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Spin Seebeck effect, in combination with the inverse spin Hall Effect, can be applied directly
for the conversion from heat to electric energy. Spin Seebeck thermoelectric generator allows
new approaches toward the improvement of thermoelectric generation efficiency. In general, the
conventional thermoelectric generator has the limitation of the efficiency due to the trade-off
relation among Seebeck coefficient (S), electrical conductivity (o), and thermal conductivity
(x). In contrast, the application of ferrimagnet insulator in spin Seebeck effect has great
advantages for enhancing thermoelectric efficiency. In particularly, the magnetic insulators are
generally optically transparent so that the spin—thermoelectric module also can be constructed to
be transparent.

Here, we introduce the transparent and spin—thermoelectric device based—-on YIG/Pt heterojunction
with improved figure of merit (ZSSET). Using ultrathin Pt layer, the transmission of YIG/Pt
heterojunction can be as high as 90 % in the visible range (400 to 700 nm). Furthermore, the
observed longitudinal spin Seebeck coefficient (S=(CAV/L)/(AT/L_z )) increased exponentially
with decreasing Pt thickness. For 0.8 nm of the Pt layer, the estimated longitudinal spin Seebeck
coefficient ~ 13 pV/K, which is much higher than those obtained in previous studies. Our study
showed that the spin-thermoelectric device could be utilized in ubiquitous recycling of waste heat
thanks to its simple structure, relevant for keeping transparency.
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Fig. 1. Longitudinal spin Seebeck coefficient (Ss) as a function of Pt thickness
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Until now, in order to understand ultrafast dynamics of electron and lattice induced by
femtosecond laser pulses, the differential reflectivity AR(t)/R needs to be analyzed. By assuming
that AR(t)/R has only thermal-optic contribution, three-temperature model has been generally
employed to obtain the time-dependent temperature profile of each subsystem. However, this is
hypothetical because in fact, AR(t)/R contains a piezo-optic contribution as well as a thermo-
optic one. The piezo-optic property occurs when a material dimension changes by a certain reason. In
case of the pump-probe experiment, materials absorb the photon energy of femtosecond laser leading
to ultrafast thermal expansion. Although the piezo-optic property are secondary effect induced by a
change of temperature, the piezo-optic contribution is comparable to the thermo—optic one and should
not be passed over.

To estimate the piezo-optic contribution to the differential reflectivity, it is definitely
proceeded to quantitatively measure a change of dimension, that is the dynamics of lattice expansion
after femtosecond laser excitation. Here, as shown in Fig. 1, we directly investigate the dynamics
of lattice expansion of various ferromagnetic materials (NixFel-x alloys, x=0, 0.33, 0.36, 0.39,
0.42) with ultrafast Sagnac interferometer [1]. They appear very different behaviors, but show in
common that their lattice expansions complete in 5 ~ 10 ps and decay via thermal energy dissipation

to substrates.

0.0 mmﬂ NixFel-x(270 nm)/ALO,

)

= 0.5+

B

3 ....... -0

S | s

I 10k ——0.33

S 036
——0.39
——0.42

0 20 40 60 80

Time delay (ps)
Figure 1. Measurement of the lattice expansion(d ¢ ) with NiFe alloys
using ultrafast Sagnac interferometry

[1] D. H. Hurley and O. B. Wright, Opt. Lett. 24, 1305 (1999).
email: hwoarang@kunsan.ac.kr
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Current induced spin-orbit torques (SOTs) has attracted attention in spintronics due to their
efficient manipulation of magnetization. Recently, several researches have reported that AuPt alloy
has larger spin hall efficiency than Pt with lower resistivity than other heavy meatals(W, Ta).[1]
[21[3] it means that the possibility of energy—efficient ultrafast SOT-MRAMs based on AuPt alloy.[4]
Also magnetic damping() is key parameter which determine magnetic relaxation of magnetic dynamics.
In general cases, magnetic damping mostly dominated by spin-pumping effect in ferromagnet(FM)/
heavy metal(HM) bilayers system. However recent works suggest that two-magnon scattering(TMS) is
major element of magnetic damping which related to interfacial spin-orbit coupling(ISOC).[5] We
investigated spin-orbit torque and magnetic damping in AuPt/Ferromagnet (FM) bilayers with different
FM materials (FM = CoFe, CoFeB, Py, Co) by using spin-torque ferromagnetic resonance(ST-FMR). We
observed large spin Hall efficiency of AuPt, And the magnitude of damping-like spin hall efficiency
depends on FM materials up to 50 %. Also we observed magnetic damping of AuPt/FM bilayer system
critically depends on FM materials. This dependence supports that TMS is intimately related to
interfacial spin orbit coupling.

References
[1] M.Obstbaum, M. Decker, and C.H. back et al., Phys. Rev. lett. 117, 167204 (2016)
[2] Yanjun Xu, Yumeng Yang, Hang Xie, and Yihong Wu, Appl. Phys. Lett. 115, 182406 (2019).
[3] Lijun Zhu, D. C. Ralph, and R. A. Buhrman, Phys. Rev. Appl. 10, 031001 (2018).
[4] Lijun Zhu, Lujun Zhu, Shengjie Shi D. C. Ralph, and R. A. Buhrman, Adv. Elctron. Mater. 6, 1901131 (2020).
[5] Lijun Zhu, Lujun Zhu, D. C. Ralph, and R. A. Buhrman, Phys. Rev. Appl. 13, 034038 (2020).
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In spintronics, recent researches are attracting attention to radio frequency devices such as
oscillator through magnetization manipulation. Spin-orbit torque are considered as mechanism of
radio frequency devices using magnetization manipulation such as spin Hall nano-oscillator (SHNO)
[1]1[2]. In this works, we observed higher order resonance mode in ferromagnet/normal metal/
ferromagnet trilayers system which manipulated by inplane charge current. We inserted Pd to weaken
exchange interaction at the CoFe/Py interface with varying Pd thickness. We performed spin-torque
ferromagnetic resonance (ST-FMR) measurements in ferromagnet/normal metal/ferromagnet trilayers
system. When Pd is very thin, measured FMR spectra shows one peak, and when Pd is thick, exchange
interaction between two magnetic layers disappears, showing two peaks, and each peak represents FMR
spectra of each magnetic layer[3]. However, when certain thickness of Pd inserted, we observed two
peaks of FMR spectra, and the higher order mode appears in range of frequencies much higher than
ferromagnetic resonance. We also performed conventional FMR measurements without inplane charge
current. The higher order modes were vanished. The higher order modes induced by inplane current
have potential to expand frequency range of magnetic oscillator. In this presentation, we shall show
detailed results of measured FMR spectra, and will discuss about possible origins of higher order
modes .

References
[1] V. E. Demidov, S. Urazhdin, A. Zholud, A. V. Sadovnikov, and S. O. Demokritov, Appl. Phts. Lett. 105 172410
(2014).
[2] R. H. Liu, W. L. Lim, and S. Urazhdin, Phys Rev. Lett. 110 147601 (2013)
[3] S. Iihama, T. Taniguchi, K. Yakushiji, A. Fukushima, Y. Shiota, S. Tsunegi, R. Hiramatsu, S. Yuasa, Y.
Suzuki,
and H. Kuboto, Nat. Elec. 1, 120-123(2018).
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A new type of magnetic oxyphosphate CaFe,0(P0,), [1-2], consisting of chains of Fe’ polyhedra
(octa— and tetra-hedra) along the b axis and another axis in the ac—plane, forms a complex three—
dimensional frustrated spin lattice. The polycrystal CaFe,0(PO,), has been claimed to exhibit three
structural transitions at Ty = 18.1 K, T, = 10.4, and T = 7.9 K, and spin transitions have been
identified near T and T, which were interpreted as canted antiferromagnetic transitions CAF I
and III, respectively. A reported large Curie-Weiss temperature ©  =-260.5 K compared with Ty
indicate moderate magnetic frustration. The various competing spin transitions and spin frustration
in this material suggest a possibility of spin-ordering induced ferroelectricity [3-4]. Here, we
report the obervation of magnetic field () induced ferroelec polarization (P) in both poly- and
single-crystals of CaFe,0(P0,); below T,, and at H > ~1.1 T. In the CaFe;0(P0,); single crystals, we
found an experimental evidence of a new magnetic phase (named as CAF II) in the magnetization study
below 1 T along the a-axis, being consistent with the previously known structuratl transtion near
Te. When the magnetic field i1s applied along the a-axis, a sharp field-induced first-order magnetic
transition below T, occuring at pH = ~1.1 T, which suggests a spin—flop transition. In the electric
polarization measurements of the polycrystal CaFe,0(PO,),, we found first H-induced ferroelectricity
at pH = 1.0 T and below T*. In the subsequent investigations with single crystal CaFe,0(PO,),, we
find that P, and P, appear under a transverse pll, = 1.0 T, at which the spin-flop transition along
a—axis occurs. As the three magnetic transitions existing below the spin—flop transitions are not
obseved at high fields according to the magnetization measurements at high fields, a new spin order
seems to be stabilized at pH = 1.0 tesla and below T'. Based on the previous observation of
magnetic phase competition between CAF and spiral phases in various compounds such as MnWO,[4], we
argue that the H-induced ferroelectricity may stem from the spin spiral phase, competing with CAF
orders but being stabilized under finite magnetic fields above ~ 1 T.

References
[1] H. El Hafd et al., Eur. J. Inorg. Chem. 36 5486-5495 (2011)
[2] H. El Hafd et al., Solid State Sci. 36, 52-61 (2014)
[3] K. Yoo et al., npj Quantum Materials 3, 45 (2018).
[4] K. Taniguchi et al., Phys. Rev. Lett. 97, 097203 (2006)
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The rare-earth-free hard magnetic L10-FeNi phase has excellent magnetic properties such as a high
saturation magnetization (Ms ~1270 emu/cm3) and a large uniaxial magnetic anisotrophy (Ku ~1.3 107
erg/cm3). However, it is very difficult to artificially produce the L10-FeNi phase due to the low
atomic diffusion coefficients of Fe and Ni near the order-disorder temperature (~320°C). Also, if the
interval between the crystallization temperatures of each stage is increased, the effect of phase
except the L10-FeNi phase can be minimized during in heat treatment, so the implementation of the
L10-FeNi phase becomes easy. Therefore, the composition of Fe-Ni-Si-B-Cu-P amorphous alloys based
on Nanomet were designed. The thermal properties of Fe-Ni-Si-B-Cu-P amorphous alloys were measured
by using differential scanning calorimetry (DSC), including crystallization temperature (Tx). It
exhibit Tx near the transition temperature. After measuring thermal properties, the amorphous
alloys were annealed at Tx resulting in high atomic diffusion. The structural and micro structural
characterizations of annealed ribbons revealed the formation of L10-FeNi phase through observation
of the superlattice peak by using X-ray Diffraction (XRD). The magnetic property measured by a
vibrating sample magnetometer (VSM), such as Ms and coercivity (Hc), also indicated the formation
of L10 FeNi phase.
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Electromagnetic (EM) waves are beginning to be using in electronic devices for high-speed
wireless communication such as in local-area networks and radars for the distance between cars.
Ferrites with high coercive field (Hc) have been used as Electromagnetic wave shielding materials
due to their ferromagnetic resonance. The epsilon iron oxide (& -Fe203) has remarkable advantages
in spectroscopic absorption with highest resonance frequency due to its gigantic coercive field (>
20kOe) at room temperature. However, it is difficult to produce high purity epsilon phase since
that only can be obtained under the specific conditions such as nanometer sized particle and narrow
annealing temperature. Thus, researchers have tried various synthesis methods to obtain e -Fe203
nanoparticles such as reverse-micelle & sol-gel method and templating method, which have multiple
steps and low yield. In this study, we have developed a facile and scalable method to fabricate
high purity e -Fe203 via an aerosol approach. In addition, the magnetic properties were controlled
by replacing some Fe3+ ions with various non-magnetic elements such as Ga and Y. Thus, our strategy
would pave the way for the practical application of e -Fe203 as the electromagnetic wave absorber.

Acknowledgement: This research was supported financially by the Fundamental Research Program (PNK
6820 and PNK 6900) of Korea Institute of Materials Science.
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Hard magnetic materials have applied in various applications ranging from permanent magnets and
microwave absorbers. Especially, M-type hexaferrites (MFel2019 (M=Pb, Sr, Ba)) with magnetoplumbite
structure have been of considerable interest due to their high saturation magnetization (= 70
emu/g), chemically stability and low price. However, ferrites have relatively low coercivity (<7
kOe), resulting in the limitation for the application of hard magnet or millimeter wave absorber.
Herein, to enhance the coercivity of M-hexaferrite, we have synthesized Sr-ferrite with elemental
substitution of Ca and Al ions using aerosol - assisted. The resulting ferrites show the gigantic
coercivity over 20 kOe, which may attributed to the lattice contraction of unit cell induced by
replacing Al ions for octahedral Fe sites. This work would be one of the methods for industrial
production of hard ferrite magnets for millimeter wave absorption.

This research was supported financially by the Fundamental Research Program (PNK 6900) of Korea
Institute of Materials Science and National R&D Program through the National Research Foundation of
Korea(NRF) funded by Ministry of Science and ICT(2020M3H4A308202811).

Keywords: M-type hexaferrite, EM wave absorption, Millimeter wave, Permanent magnet
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The Sr M-type hexaferrites (SrFel2019) are one of the most widely used magnetic material due to
their cost efficiency, strong uniaxial magnetic anisotropy along the c-axis, and excellent chemical
stability. Recently, many studies have improved the intrinsic magnetic properties of M-type
hexaferrites by substitution, such as saturation magnetization and crystalline anisotropy. Previous
reports have been mainly focused on La3tsubstitution for the Sr2+ site and Co2+ substitution for the
Fe3+ sites of M-type hexaferrites. La—-Co substituted Sr M-type indicated that intrinsic coercivity
increased continuously with the substitution content. In addition, there is generally requires a
non-stoichiometric of iron ratio between 10 and 12 on Ba M-type hexaferrites. While iron deficiency
1s known to be helpful for the grain growth and the structure formation of NiZn spinel ferrites.
However, the effect of La—Co substitution and iron deficiency on magnetic properties of the Sr-La-
Co M-type hexaferrites remains unexplored. In this study, therefore, we tried to investigate La-
Co substituted Sr M-type hexaferrites Srl-xLaxFel2-xCox019, (0 < x < 0.5) and the effect of
iron deficiency on the magnetic properties of Srl-xLaxFeyCox019-§ (x = 0.15, 10 < y < 12-x)
hexaferrites prepared by solid state reaction. The raw materials were ball-milled for 24 h with
Si02 additive and calcined at 1280 C for 2 h in air. as-calcined powder was pressed into pellets
and sintered at 1230 C for 1 h in air with Si02 and CaCO3 additives. Samples were characterized
by powder X-ray diffraction (XRD), vibrating sample magnetometer (VSM), and scanning electron
microscope (SEM). In case of Iron deficient Sr-La-Co M-type hexaferrties, Powder XRD analyses
revealed that M-type single phase were obtained with all Fe contents at sintering temperature.
The saturation magnetization (Ms) of the Sr-La-Co M-type hexaferrite samples was around 72 emu/
g. The maximum Ms was obtained for Fe content of 11.85 at 74.4 emu/g. However, the coercivity (Hc)
decreased with higher Fe content because the grain size was larger than the single domain size. The
Vcell change due to substitution and iron deficiency seems to be inversely related to Ha obtained by
magnetic hysteresis loops calculation. Detailed microstructures and magnetic properties of Sr-La—Co
M-type hexagonal ferrites will be presented for a discussion

This research was supported by Future Materials Discovery Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science and ICT (2016M3D1A1027835)

Keywords: Hexaferrite, magnetic property, iron deficiency, M-type hexaferrite
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Rare-earth free permanent magnets are current emerging issues of industry for the growing market
demands. Among the rare-earth free permanent magnets, MnBi has attracted attention for its strong
magnetocrystalline anisotropy, positive temperature coefficient of coercivity and high energy
product. In addition, MnBi shows higher coercivity as compared with other rare-earth magnets at the
elevated temperature range. Therefore, MnBi is one of the potential candidates for high—temperature
applications.

In this study, a precise process control for high performance MnBi powders will be discussed.
A detailed optimization process and mass synthetic process of MnBi powder which has advantages
for industrial applications will be presented. In addition, effective post processing method for
control of crystal structure, microstructure, and finally, enhancement of magnetic property will also
be discussed. With the optimized process of MnBi powder, remarkably high maximum energy product,
(BH)max was recorded of 14.2 MGOe at room temperature, which is reasonable value for industrial
permanent magnet applications as next generation permanent magnets.
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Physical properties of an oxide film grown by physical vapor deposition process are dominantly
affected by the deposition environment. Here, we have grown an epitaxial magnetic oxide CoFe204
film on A1203(0001) substrate with various deposition environment using the RF magnetron sputtering
system and studied the correlation between magnetic, structural, and chemical properties of films.
As a result, relatively strong perpendicular magnetic anisotropy (PMA) with a large value of
saturation magnetization was identified in the CoFe204 film deposited under Ar+02 environment while
the film deposited under only Ar environment showed the magnetically isotropic property. We have
proved that the PMA in the CoFe204 film deposited under the Ar+02 environment is the consequence of
a significant structural difference. The film deposited under Ar+02 environment had about 3 times
larger crystallite size and more compressive strain along the in-plane direction, and smoother
surface and interfacial roughness than that of the film deposited under Ar environment. It was
identified that oxygen in the deposition environment suppressed the deposition rate and increased
the electron density of the film, resulting in better crystallinity, which directly influences the
anisotropic magnetic properties. Thus, oxygen in the deposition process should be considered one of
the essential parameters for enhancing the structural and magnetic properties of CoFe204 films.
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Low-temperature phase (LTP) of MnBi has attracted much attention due to its larger coercivity than
that of Nd-Fe-B at high temperature. Moreover, according to the theory of exchange-coupled core-
shell magnet, when the LTP-MnBi is used as a hard magnetic core and combined with soft magnetic
shell, the maximum energy product (BH)max is estimated to overcome that of Nd-Fe-B. In this regards,
there have been many efforts to obtain the LTP-MnBi bulks and thin films for the exchange—coupled
magnets. We report on the magnetic properties of low-temperature-phased (LTP) MnBi bulks synthesized
by arc-melting and melt-spinning, and LTP-MnBi thin films grown by a UHV sputtering system. First of
all, we found that MnBi bulks shows illc = 5.60 kOe, Br = 6.00 kG, and (BH)max = 7.27 MGOe for 1 h
milling (low-energy planetary ball milling) in the synthesis process, indicating that anisotropic
precursor powders are crucial in achieving high-performance MnBi bulk magnets. On the other hand, we
found that the ratio of Bi/Mn strongly has an effect on the magnetic properties of LTP-MnBi films.
The highest value of (BH)max of LTP film was obtained to be ~ 8.6 MGOe at room temperature when the
thicknesses of Bi and Mn were adjusted in 36nm and 14nm, respectively. The magnetic properties of
exchange-coupled MnBi with various soft layers such as FeCo and Fe will be discussed in detail.

Keywords: Permanent magnet, rare-earth free permanent magnet, MnBi, bulk, multilayer film,
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The synthesis of e -Fe203 has long been attractive within the scientific community due to its giant
coercive field at room temperature, high—-frequency millimeter-wave absorption, and the coupling of
1ts magnetic and dielectric properties. This work investigated the effect of sintering temperature
on the formation of e -Fe203/Si02 composites which were fabricated by a combination of the reverse
micelle and sol-gel methods. We performed sintering at various temperatures to determine the
optimal temperature for obtaining the e -Fe203 phase and the highest coercive field. The optimal
conditions were sintering at 1150°C to achieve a giant coercive field up to 21.57 KOe. Base on X-ray
powder diffraction (XRD), the crystal structure e -Fe203 was analyzed. TEM images show a wide size
distribution of iron oxide nanoparticles (from 10 to 20nm). Our study illustrated that the e -Fe203
are a promising candidate for a recording medium and unlock the door to possible applications in
electronic devices intended for high-speed wireless communication.

Keywords: ¢ -Fe203; sintering temperature; coercivity; reverse micelle and sol-gel
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Fe-based amorphous alloy systems have attracted the interest in the remarkable soft magnetic
properties, high saturation magnetization, and low cost of manufacture. We added Cobalt to improve
glass forming ability(GFA) and soft magnetic properties such as high saturation magnetization and
permeability with good thermal stability. We investigated the Fe-based amorphous soft magnetic
alloys of (FexCol-x)72B19.2Si4.8Nb4 prepared by arc-melting system with high purity metals under
Ti-gettered Argon atmosphere. Then, with these samples, we produced rapidly solidified ribbons
with 2-3mm widths and 20-30 pm thicknesses by using melt spinning technique. After processing
these ribbons, we analyzed the alloys' structural, thermal and magnetic properties. (Col-
xFex)72B19.2S514.8Nb4 alloy system was verified as fully amorphous by using X-ray diffraction (XRD).
The thermal properties including crystallization temperature (Tx) were measured by differential
scanning calorimetry (DSC). Lastly, magnetic properties of the amorphous ribbons were measured by a

vibrating sample magnetometer (VSM).
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Patterned magnetic elements have been studied extensively due to fundamental issues and their
potential for developing practical ultrahigh density memory devices. In the small magnetic element,
the magnetization tends to be stabilized in magnetic vortex states to minimize the magnetostatic
interaction. [1] such configuration can be characterized by an in-plane (chirality) and an out-
of-plane (polarity) magnetization. Controlling these degrees of freedom have been performed in
various geometry by external magnetic field and electrical current. [2,3] Recently, the discovery
of the additional degree of freedom can be controllably switched in three-dimensional (3D)
system opened up new possibility in developing multi-bit memory device. [4] In this system, two
degenerated asymmetric Bloch walls (ABWs) exist with same energy and probability. To control them,
1t 1s necessary to break the symmetry of those state. For example, an asymmetric geometry was
utilized for control the ABW states. In this presentation, we suggest another way to control the
ABWs efficiently without significant changing of other degrees of freedom by magnetic field using
micromagnetic simulation. We also successfully verified our method experimentally by using the
magnetic transmission soft x-ray microscopy (MTXM). [5]
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Abstract

Recently, due to the development of nanoscale electronic devices, the necessity of preparing one—
dimensional nanomaterials 1s increasing. Nanowires have excellent crystallinity and have various
properties that conventional bulk materials do not have, such as high chemical reactivity and stress
relaxation properties due to a large specific surface area. Therefore, Ni, a soft magnetic material
was synthesized in the form of nanowires, and shape magnetic anisotropy was provided through a
magnetic field to enhance magnetic properties. In this study, nanowires were prepared using NiCl2
-6H20, NaOH, N2H4-H20, etc. through a solution synthesis method, and the effect of shape magnetic
anisotropy was observed by dividing the sample with a magnetic field and a sample without applying
a magnetic field during heating. Crystal structure and microstructure were observed through XRD and
FE-SEM, and magnetic properties were measured through PPMS. Through the evaluation of properties,
Ni powder was synthesized and it was confirmed that i1t exists in the form of nanowires. In addition,
in the case of a sample prepared by applying a magnetic field, the diamagnetic field was reduced due
to the effect of shape magnetic anisotropy, thereby improving magnetic properties.

Keywords: Soft magnetic, Nanowires, magnetic field , shape magnetic anisotropy, magnetic properties
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Magnetic skyrmions can be stabilized in thin films with perpendicular magnetic anisotropy (PMA) by
the interfacial Dzyaloshinskii-Moriya interaction (DMI) are interesting information carriers that
meet the conditions. The interfacial DMI is induced due to the strong spin-orbit coupling (SOC)
between ferromagnet (FM) and nonmagnet (NM) and inversion symmetry breaking (ISB). The competition
between Heisenberg exchange coupling and DMI makes neighboring spins tilt. This results in
skyrmions tending to form Néel type domain walls. Many research groups mainly focused on different
combinations of various materials to obtain a considerable value of DMI. Furthermore, various
structures with modified interfaces have been recently studied [2]. In this study, we increased the
interfacial contact area and observed the change in interface DMI that followed.

We fabricated three types of structures to gradually change the interface and observe its effect
on the interfacial DMI energy density (D). Si/Ta(2)/Pt(3)/Co(1.2)/Ta(2) structure (sample A) was
used as a References structure in nm. We modified the Pt/Co interface by co-sputtering Co-Pt alloys
with various compositions. The first structure is Ta/Pt/Co50Pt50(1.2)/Co(1.2)/Ta (sample B) and the
other structure which has a gradual interface is Ta/Pt/Pt75C025(0.4)/Co50Pt50(0.4)/Co75Pt25(0.4)/
Co(1.2)/Ta (sample C). The bottom Ta layer was deposited to help the growth of crystalline Pt(111)
[3]. The capping layer of Ta was used to prevent oxidation. All samples were deposited in a DC
magnetron sputtering system with a base pressure of 5x10-9 Torr at room temperature and post-—
annealed at 300 oC for 1 hour in the vacuum of 1x10-6 Torr. We studied magnetic properties using a
vibrating sample magnetometer, and the IDMI value and sign (D-constant) were measured by Brillouin
Light scattering spectroscopy.

While sample A with no Co-Pt alloys showed distinct PMA, both samples B and C exhibited in-plane
magnetic anisotropies. We were able to obtain the effective saturation magnetization (Ms) value
excluding the magnetic dead layer by using samples with different thicknesses. As alloys were added,
samples B (803.1 kA/m) and C (857.9 kA/m) showed Ms values decreased by about 25~30% compared to
sample A (1139.7 kA/m). This led to a decrease in DMI by about 15% for sample B (D= -0.69 mj/m2).
On the other hand, sample C (D = -0.82mJ/m2) showed similar to sample A (D = -0.81mJ/m2) due to
the increased frequency shift despite the decrease in Ms. We, in turn, were able to find out that
the interfacial DMI can increase or decrease depending on how the interfacial area was increased.
Interface change leading to DMI change in this study can lead to other spin-related phenomena such
as spin Hall effect, spin-orbit torque.
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Recently, the particle-like swirling magnetic configurations such as magnetic Skyrmions and
vortices characterized by a topological number, have attracted considerable research attention
due to highly promising properties in spintronic device applications [1-3]. To utilize them, it
is essential to understand the three-dimensional (3D) magnetic configuration and their topological
properties which can provide not only the detailed mechanisms of controlling magnetic structures
but also an efficient method. In the present work, we show symmetry breaking in the one of peculiar
3D magnetic configuration, the asymmetric Bloch walls (ABWs) in the circular and square shaped
ferromagnetic patterned discs using the magnetic transmission soft X-ray microscopy (MTXM). [4]
In these systems, the point—like configuration, magnetic vortex is stabilized due to competition
between short-range exchange interaction and long-range magnetostatic interaction. The top and
bottom surface vortex are separated when applying horizontal external magnetic field creating ABWs
either (-,+) type or (+,-) type. [5,6] The type of ABWs are determined by sample geometry. In this
presentation, we will discuss about the detailed transformation process of ABWs.
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(A study on the effect of top Pd thickness on the spin—
orbit torques in a Pd/Co/Pd trilayer)
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Z}7]1 A 8 2 2] (magnetoresistive random—access memory, MRAM) &= 227] &£ &=7F w211, A8 AR+= 4
Aol glo] AAlt) WEgEA B TS Wi v, A7 e] 7|2 w9 2l AEYA
(magnetic tunnel junction, MIJ)2 5 7R AR AZF Alold AAAQl 2k3lEo] e FFRolH, F
23 A1 9] A Wake] HyY w= WE HYAES, v HYd A =2 HIAES vERdA do. F
2ol ARvto g A 23l WekS vl e current-induced magnetization switching (CIMS) w2
S o] &3t ARE AAsta, olHA AHE AHE HY AYpS I ¢S T A HA A AR
ol o3k AAlo] B Folxtl. CIMSHHogzE A ~3-dYd Ed(spin-transfer torque, STT)S} 2~
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The importance of semiconductor spintronics 1s quantum mechanical spin phenomena with a focus
on electrical operation that may add the functionality of electronic device. In conventional
spin-based device, spin information is injected from a ferromagnetic source into a semiconductor
channel. Spintronic device requires electric field control of the spin orientation; therefore,
the most viable channel is a InAs quantum well channel with strong Rashba spin splitting, which
enables spin modulation [1-4]. In a ferromagnet/semiconductor interface, despite its potential for
use as a spin transistor, spin injection and detection efficiency from the ferromagnetic material
to the semiconductor channel is very low due to the conductance mismatch. Thus, many researchers
pay attention to charge-to—spin interconversion without a ferromagnetic material to realize an
all-electrical spin device because this design obviates the need for magnetic field control of
magnetization.

In this work, the spin is injected from a platinum electrode via the direct spin Hall effect and
is subsequently detected in a strong Rashba channel via the inverse spin Hall effect [5]. Before
being detected, the spin state is modulated by gate bias; the signal observed with various channel
length and gate voltage demonstrates this Rashba precessional modulation. In addition, the addition
of Zeeman precession induced by an external magnetic field provides the signal-elucidating definite
spin motion in the channel. A theoretical model for our device is proposed in which all parameters
are composed of experimentally measured ones. The spin signal from the device are quantitatively
consistent with this model, which provides a clear understanding of interplay between the Rashba
and Zeeman precessions. Our approach opens a fascinating possibility for realizing a ferromagnet-
free system for use in low-power and high-temperature spin transistors.
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Spin field effect transistor is considered as promising spin semiconductor device, however it
has a lot of obstacles such as spin injection efficiency, and low operation temperature. The spin
injection and detection efficiency from ferromagnet electrode to semiconductor channel are quite
low because the most of spin information decayed at the interface. Adapting spin Hall effect as
spin injection and detection can be the one of solutions to increase operation temperature of
semiconductor spin devices since the spin Hall angle is larger than the spin injection efficiency
using ferromagnet electrode.

In this work, we measured the channel resistance, Rxx and Hall voltage, Rxy of the ferromagnet-—
semicondoctor Hall-bar structure. Figs. 1(a) is measurement geometry as a strong Rashba
semiconductor channel, we fabricated the InAs based quantum well heterostructure. In0.52A10.48As
buffer (300 nm), nt+ In0.52A10.48As carrier supplier (7 nm), In0.52A10.48As (6 nm), In0.53Ga0.47As
(2.5 nm), InAs channel layer (2 nm), In0.53Ga0.47As (13.5 nm), In0.52A10.48As (20 nm), and InAs (2
nm) wew grown by molecular beam epitaxy on InP substrate.

While the magnetoresistance of ferromagnet materials and a quantum well channel have a
conventional magnetoresistance behavior, the angle dependence of magnetoresistances measurement
results in hybrid structure is totally different from the curves, AR,,, shown in Figs. 1(b) black
line. This unconventional magnetoresistances such as black line curves can be explained by the spin
Hall effect and the Rashba spin precession

To confirm the relationship between spin precession and spin Hall effect. The channel lengths are
L1 = 3.125 and L2 = 3.325 respectively. We measured the spin Hall voltage as a function of the
applied magnetic field for various magnetic field directions as shown in Figs. 2. when ¢ = 0" or
180° , the injected spins are polarized along the direction which is perpendicular to the Rashba
field, injected spins precess around the Rashba field and the spin Hall voltages is detected. On the
other hand, when ¢ = 90° or 270° , because the injected spins is parallel to the Rashba field, so
the spin precession doesn’ t occur and the spin Hall voltages isn’ t observed.

Magenta line in Figure 1 (b) shows the spin Hall voltage as a function of the various applied
field direction, ¢ . We demonstrate two curves, AR,; and (ARy; - ARy), which are obtained from the
experimental results, have the similar shape. These results also can be explained by the spin Hall
effect in a strong Rashba system.
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Unconventional behaviors emerging at the interface of materials have been spotlighted in many
research fields. In spintronics, it has been regarded as a reasonable assumption that a signal
coming from the interface between metal (M) and intrinsic silicon(i-Si) substrate would be
negligibly small, because the resistivity of 1-Si is extremely larger than that of metallic thin
films. Therefore, 1-Si has commonly been used in spintronics studies where the high electric current
is essential, for example, the spin-orbit-torque (SOT)-driven magnetization switching. However,
here we found that the interface effect is non-negligible in M/i-Si structure and generates an
unconventional Hall signal. In particular, the observed unconventional Hall signal shows the same
detection symmetry with the damping-like SOT measurement, suggesting that the unconventional Hall
signal can be possibly permeated in SOT measurement. Our result shows that the electrical signal in

the M/i-Si structure has to be analyzed more carefully in spintronic research.

_80_



SS07

Study of electronic structure of Bi thin films
grown on the MoS2 surface

Sang Wook Han', Seungho Seong?, J.—S. Kang? Eunsook Lee®, Won Seok Yun®,
Soon Cheol Hong'

'Department of Physics and EHSRC, University of Ulsan, Republic of Korea
Departhement of Physics, The Catholic University of Korea, Republic of Korea
Beamline Research Division, Pohang Accelerator Laboratory, Republic of Korea

‘Convergence Research Institute, DGIST, Republic of Korea

Bulk Bi is topologically trivial in theory. However, Bi bilayers are expected to be a two-
dimensional (2D) topological insulator with a large bulk bandgap due to the strong spin-orbit
coupling. Although the epitaxial growth of Bi thin films has been intensely exploited on various
substrates, 1t remains a significant challenge to construct free-standing Bi film experimentally.
We investigate Bi thin films by employing low—energy electron diffraction, transmission electron
microscopy, and angle-resolved photoemission spectroscopy. Bi thin films epitaxially grow on the
MoS2 surface without interfacial interaction. Bi thin films favor the Bi(111) facet on the MoS2
surface as a Bi coverage increases. More interestingly, the air exposure of the Bi thin films induces
a large bandgap. The characteristic of the topologically nontrivial or trivial phase transition
through surface oxidation 1s discussed. Our study might provide a comprehensive understanding of

the emergent electronic properties of the 2D topological insulator.
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Since the magnetic thin film was applied to the memory device, it has become important to
manipulate the magnetic anisotropy of the magnetic thin flms [1]. It is important to control the
magnetic anisotropy energy to implement a magnetic device. So, many studies have been done to make
a magnetic device by controlling the magnetic anisotropy. A new way of magnetization operation was
recently discovered by varying the thicknesses of the individual layers and choosing appropriate
materials. It has been shown a possibility to manipulate the magnetic anisotropy. Many researches
have mainly been conducted to control magnetic anisotropy by using various materials to change
the structures of magnetic thin films. In particular, a lot of research controlling perpendicular
magnetic anisotropy (PMA) has been conducted for its potential for application of magnetoresistive
random access memory.

In this study, we investigated the PMA at the interface between ferromagnetic layer and oxide
layer [2]. The structure of Pt/Co/Ta sample (Fig. 1 (a)) is deposited on Si0, on Si substrate using
a magnetron sputtering system. The Ta capping layer thickness(0~3nm) is varied by using a linearly
motorized shadow mask (so-called “Wedge Mask” ) as shown in Fig. 1 (a). After deposition, the top
Ta layer 1s oxidized using an in-situ oxygen plasma system. Depending on the Ta layer thickness and
various oxidation conditions, Ta layers are partially oxidized for thicker Ta cases. On the other
hand, Ta layers are fully oxidized or top Co layer may be partially oxidized for thin Ta cases. The
degree of Co layer oxidation and magnetic properties depending on the Ta capping layer thickness
are measured through the magneto optic Kerr effect (MOKE) and Brillouin light scattering (BLS).
A significant change of the perpendicular magnetic anisotropy is observed through systematic MOKE
measurements (Fig. 1(b)) and the magnetic anisotropy field (I,) is deduced through BLS measurements
(Fig. 2(b)) with changing Ta wedge thickness. In Fig. 1 (b) the coercivity and remanence sharply
decrease around of the Ta thickness 1.9 nm. And in Fig. 2 (a) PMA decrease from 1.5nm to 1.95nm in
Ta thickness and it increase from 1.95nm to 2.7nm. The reason of the significant anisotropy change is
originated from the competition of PMA due to spin orbit coupling at the interface between Pt and
Co layer, shape anisotropy and magnetostriction (stress—induced anisotropy) due to strain caused by
oxidized Ta capping layer. Because of volume change during the oxidation process, the strength of
strain applied to the magnetic layer and change of magnetic anisotropy are depend on the oxidation.
We carefully speculated that the interaction at the interface between the Ta and Co layers would

have effect on reducing the perpendicular magnetic anisotropy energy at the Pt and Co interface [3,
4].
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Unidirectional spin Hall magnetoresistance (USMR) is a new member of the magnetoresistance
family arising from the spin current generation in ferromagnet (FM)/non-magnetic heavy metal (HM)
bilayers. Because the USMR shows asymmetric behavior with respect to the current or external
magnetic field directions, it is easy to quantify not only amount of charge-to-spin conversion in
a system, but also a sign of spin current. This can be utilized for quantitative analysis of spin
current generation. Though it is well known that spin current generation gives rise to the USMR,
1ts mechanism is still debating. C. 0. Avci et al. firstly report the USMR and explain the mechanism
using spin accumulation concept [1], while electron-magnon scattering has been also reported as a
considerable mechanism of the USMR [2,3]. In this study, we try to derive an analysis model of USMR
including the electron—magnon scattering as well as spin accumulation by applying the two current
model used in GMR system.[4] And we find that magnitude of the USMR strongly depends on choice of FM
with a fixed HM. Details about our observations will be discussed in this presentation.
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Charge-to-spin (CS) conversion phenomenon in various systems composed of a ferromagnet (FM) and
a non-magnet (NM) has been intensively studied for last a decade [1][2]. The phenomenon leads
spin current within a transverse direction to charge current flowing in a system, thereby spin
accumulation at the interface. Consequently, such accumulation generates the angular momentum
dissipation, giving rise to spin-torque to the magnetization of the FM. That is to say, we can
control the magnetization using the phenomena. The CS conversion has two origins; spin-Hall effect
and Rashba effect. [4][5] Various metallic systems, such as Pt/FM, W/FM and topological insulator/
FM, have been reported to have large CS conversion. In this work, we discuss CS conversion in a HM/
FM/perovskite trilayer nano-device observed by unidirectional spin Hall magnetoresistance [USMR]
and Spin-Orbit torque [SOT] using a harmonic measurement technique.
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Spin-orbitronics devices based on spin Hall effect is a strong candidate for new generation memory
devices. Here, the bilayer structure composed of a ferromagnet and a heavy metal layers should show
sizable spin-orbit torque to manipulate magnetization of the devices. Even though a lot of research
have been done so far, there are still many difficulties to find suitable materials. For example,
although W generates a large spin current, the conductivity of W is known to be small for the energy
efficient devices [1]. In case of Pt, it is so expensive that it does not suitable for industry in
spite of its superior characteristics. In this presentation, we discuss spin transport in Cr-based
heterostructures, which has sizable spin Hall angle and good conductivity. We found that spin Hall
magnetoresistance (SMR) shows strong Cr-thickness dependence, showing the diffusion length ~2nm.
This is much smaller value than other spin Hall materials such as W, Ta and Pt.[2][3]
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Unidirectional spin Hall magnetoresistance (USMR) is universally observed in bilayer systems
consisting of a non-magnetic layer with strong spin orbit coupling (SOC) and a ferromagnetic layer.
The USMR is known to have two major origins; electron—-magnon scattering and the spin accumulation at
the interface between the two layers. Here, we report that USMR can be observed in epitaxial Cr/Fe
bilayers of which the Cr has small SOC. Interestingly, we found that the USMR of the Cr/Fe bilayer
strongly depends on which crystalline direction electric current flows. Correlation between USMR
and magnetic anisotropy is also discussed in this presentation.
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Magnons, quanta of spin waves, are receiving of great interest because of its potential for long-
distance spin transport which can be generally achieved in magnetic insulators due to their small
magnetic damping [1, 2]. In magnetic insulator, the magnon relaxation is caused by the dissipation
channel between spin and lattice [3], via spin orbit coupling. Therefore, the understanding of
magnon and phonon relaxation is important not only for the fundamental point of view but also for
the magnonic applications. In this work, we present spatially-resolved measurement of magnon and
phonon population by measuring magneto—optic Kerr effect (MOKE) and thermo-reflectance (TR) in TmIG
microwire under the temperature gradient. The MOKE signal, which represents the magnon-induced
effect, is strongly affected by magnetic field, while the TR signal, which corresponds to the phonon-
induced effect, is irrespective to the magnetic field. Both the MOKE and TR signals show exponential
decay from the position of heat source. The decay length of MOKE shows different feature from
that of TR, suggesting that the magnon and phonon temperature can be different in non-equilibrium
condition.
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For the last decade, charge to spin conversion [1] and the magnetization control [2,3] via spin
currents in magnetic multilayers consisting of ferromagnet/heavy elements have been an active topic
of research in the field of spintronics. Particularly, with the respect of the energy efficiency
for magnetization switching using spin-orbit torques, not only the charge-to-spin conversion
efficiency but also the longitudinal resistivity of the channel materials are of importance. In
this regard, we investigate the spin Hall conductivity in W,_.Ta,/CoFeB/Mg0 (x = 0 - 0.2) using spin
torque ferromagnetic resonance measurements (ST-FMR) [2,4,5] and discuss the switching efficiency of
the given materials. Alloying W with Ta leads to a factor of two change in both the damping-like
effective spin Hall angle (from — 0.15 to - 0.3) and longitudinal resistivity (60 - 120 @ cm). In
particular, at 11% Ta concentration, a remarkably high spin Hall angle value of - 0.3 is achieved
with a low longitudinal resistivity ~100 u& cm, which might be useful for a highly—-efficient device
operation using this W-based alloy [6]. Our findings suggest sputter—deposited W-Ta alloys could be
a promising channel material for the next-generation spintronic devices [6-8].
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Gate voltage is a promising approach to control the magnetic properties because 1t consumes
less energy compared with the magnetic field or spin torque induced by electrical current [1]. In
particular, when the voltage-controlled magnetic anisotropy (VCMA) effect is applied to the magnetic
memory device, the magnetization switching current can be lowered while maintaining the thermal
stability. Furthermore, Implementation of spin logic operation by introducing the VCMA effect to the
spin orbit torque device was reported recently [2]. Therefore, various studies have been conducted
to enhance the VCMA efficiency in order to utilize the VCMA effect in spintronic applications [3].

In this study, we control the easy cone state by gate voltage and reduce the spin-orbit torque
switching current accordingly in Ta (5 nm)/CoFeB (1.1 nm)/Pt (0.15 nm)/Mg0 (1.6 nm)/Zr0O, (25 nm)
structures, where the Pt layer is inserted at the CoFeB/MgO interface to enhance the VCMA effect.
Fig 1.a shows the change of R;-H, curve when -7.5V gate voltage pulse is applied repeatedly. At
virgin state, the device has perpendicular magnetic anisotropy. When -7.5 V pulses are applied with
the pulse width 150 ~ 500 ms, it changes to easy cone state and easy cone angle gradually changed as
the number of negative gate voltage pulse increases (Fig 1.b) which was confirmed by analyzing the
Generalized Sucksmith-Thompson method. Fig 1.c shows the spin-orbit torque switching measurements
at each easy cone state. Interestingly, As the easy cone angle increases, the spin-orbit torque
switching current decreases (Fig 1. d). Reversely, when +8V pulses are applied with the pulse
width 800 ms, the easy cone angle decreases and the spin-orbit switching current increases. The
device recovers to the perpendicular magnetic anisotropy when 18V pulse is applied repeatedly. we
experimentally demonstrate the reduction of spin-orbit torque switching current via controlling the
easy cone state by gate voltage. These gradual and reversible manner of spin-orbit torque switching
current and easy cone state control technique can be utilized for the multilevel spintronic device.
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Fig 1. (a) Normalized anomalous Hall resistance curves measured after negative gate voltage pulses

in Ta/CoFeB/Pt/Mg0 structures. (b) easy cone angle (8:) as a function of the number of gate voltage
pulses. (¢) SOT switching measurements after negative gate voltage pulses. (d) SOT switching current

(Io) as a function of easy cone angle(ﬂc) All measurement 1s carried out at room temperature after

the gate voltage pulse is applied at 125T.
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Voltage control of magnetic anisotropy has attracted significant attention in spintronics research,
due to the much reduced switching energies in devices. Voltage control of magnetism through solid-
state electrochemical switching of the interfacial oxidation state in thin metallic ferromagnets was
discovered [1-3]. Early works utilized voltage—induced oxygen ion (0*) migration in ferromagnetic
heterostructures. In ultrathin ferromagnet/oxide bilayers, perpendicular magnetic anisotropy (PMA)
arises from interfacial hybridization between the ferromagnetic 3d and oxygen 2p orbitals. However,
such a scheme relying on reactive and relatively large oxygen ions suffered from slow switching
speed, irreversible oxidation damage, and high operation temperature. Recently, proton (H)-based
magneto—ionic devices has been suggested owing to nondestructive magnetization switching speed.

In this work, Yttria-stabilized zirconia (YSZ) is used as a gate oxide [4]. This oxide is stable
under electrochemical reactions (i.e., reduction or oxidation) and present large ionic conductivities.
These characteristics make them particularly suitable as proton conductors in proton-based magneto-—
ionic devices. We demonstrate reversible 90° magnetization switching in a thin Co film at room
temperature by either inserting proton at its interface with an oxide or loading hydrogen into an
adjacent heavy metal (Pt or Pd) layer. Moreover, a host of spin-orbit induced phenomena at heavy
metal/ferromagnetic interfaces becomes accessible to voltage gating despite the fact that electric
fields cannot be applied directly. This work establishes that gate oxide material engineering may be
a key pathway for achieving fast and reliable switching in magneto—ionic devices, highlighting the
significant potential of this approach toward future spintronic applications.
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Two dimensional (2D) systems are paving a new avenue towards understanding physical phenomena
related to dimensionality. For example, 2D electron gas has already shown outstanding electron

' In this respect, the phenomena using spin

transport properties under the boundary condition.
polarized electrons in 2D systems also prospect similar capacity. However, spintronic devices have
required heterostructures for using spin information, and the fabrication of heterostructures using
2D ferromagnetic materials is difficult generally because of its surface condition. Consequently,
the difficulties hinder scientific endeavor, despite the promising expectation.

Recently discovered FesGeTe, shows relatively high Curie temperature among 2D ferromagnets (T,
~ 310 K). Furthermore, its complicated crystal and spin structures lead non-trivial magnetic
behaviors. '» ® Here, we discuss about that current-driven spin modulation can be observed in the
single Fe GeTe, layer. We also discuss that the observed spin current generation can be attributed

to broken inversion symmetry in the FeGeTe, crystal.
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Understanding the stochastic switching behavior in the magnetic elements is important not only for
fundamental physics but also developing related applications. [1-4] In particular, the stochastic
character can be potentially utilized as the probabilistic computing based on random fluctuation unit
called probabilistic bit (p-bit). [5-6] The well-defined array of magnetic tunnel junctions (MTJs) is
highly considered as suitable candidate for hardware implementation because the intrinsic stochastic
feature of MTJs during switching process. In this presentation, we show the stochastic behavior in
switching process of a perpendicularly magnetized Co/Pt disk within an array was directly observed
utilizing full-field soft X-ray microscopy (MTXM). [7] we found the switching field for individual
disks is stochastically fluctuated due to thermal agitation and the stochasticity considerably
depends on the disk size. The stochasticity decreases as the disk radius gets bigger from 125 nm to
375 nm. We also observed that the trend of stochasticity is reversed with further enlarging disk
radius from 375 nm to 625 nm because the multi-level switching in a disk. This work provides the way
for controlling the stochasticity in the switching of nanopatterned elements, which is a key aspect
for MTJ-based probabilistic computing.
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B2-phase FeRh is well known as magnetic phase transition material from antiferromagnetic to
ferromagnetic around 370 K. During the transition, it shows the volume expansion of about 1%
with reducing the electrical resistivity. Although the origin of the magnetic phase transition
1s unclear, many studies have been conducted to modify transition characteristics by strain,
doping, stoichiometry, etc. But studies on the correlation between defect (Fe or Rh vacancies)
and magnetic properties are insufficient. In this study, we intentionally created defects by using
hydrogen irradiation with different amounts of dose (1 x 10® H/cm® and 1 x 10" H/cm®) to understand
the correlation between defects and phase transition characteristics. As a result, the residual
ferromagnetic state below the magnetic phase transition temperature (i.e., antiferromagnetic
region) increases with increasing dose concentration. Further, the transition temperature decreases
and the lattice parameter both in-plane and out-of-plane increases with the increment of hydrogen
dose. From the X-ray photoelectron spectroscopy measurement, we confirm that Fe vacancies dominantly
increase with hydrogen dose. Therefore, the Fe vacancies induced by hydrogen irradiation increase
lattice parameter and affect the breaking antiparallel spin configuration of (001) orientation of
Fe-sublattice.
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Organic-Inorganic hybrid perovskites (OIHPs) have been expanding into a very broad spectrum of
research fields beyond perovskite solar cells. Specially, it is noteworthy that two dimensional
Ruddlesden-Pooper (RP) OIHPs with a general chemical formula of (R-NH,),MX, (R= a monovalent organic
moiety such as CH,,, and CH;(CH,),, M= a divalent transition metal cations such as Mn*, Fe*,
Cu®*, X=a monovalent halide ions such as I, Cl-, Br) was considered as an ideal two-dimensional
Heisenberg model in 1970s.[1] Interestingly, there is no successful experimental report on intrinsic
magnetic order of atomically thin or few-layered RP-OIHP vdW magnets although Langmuir-Blodgett
technique as well as theoretical calculation have been attempted for thin flm preparation. [2,3]
Here, we present the compelling evidence on the robust magnetic order of two-dimensional RP-OIHP
ultrathin magnets chemically exfoliated from bulk single crystals by a combination of solvent-

engineering and spin coating technique.
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Epitaxial ferromagnetic MnAs films have received great attention because of their unique magnetic
domain structures [1] and distinct phase transition from the ferromagnetic @ phase to the paramagnetic
8 phase near the room temperature [2]. These characteristics allow to study the scaling phenomena
of magnetic noise [3] as well as to study the topological spin structures [4]. To fully utilize the
potential of MnAs in spintronic research, microscopic spin textures in various conditions must be
better understood.

In this study, we investigate the temperature-dependent and the field-dependent magnetic domain
structure of MnAs/GaAs(001) films using magnetic force microscopy (MFM). The topographic image
clearly shows the hexagonal crystal structure and magnetic contrasts exhibits the in—plane magnetic
anisotropy along the easy axis of MnAs[1120] [5]. The magnetic field dependence shows the formation
of alternating antiparallel in-plane magnetization in stripe-type domain structures and the
temperature-dependence clearly demonstrates that the magnetic phase transition occurs at about
40C. In particular, we found that Bloch line-like topological spin structures with a size of 100
nm start to appear at 15C. These results suggest that the MnAs would be a good platform to study
the dynamics of topological spin structures.
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Recent advances in understanding of the skyrmion in ferromagnetic multilayers with interfacial
DMI indicated a realistic possibility of using skyrmions for the device applications [1,2]. The
increasing urge to utilize skyrmion in the device led to research seeking ways to create smaller,
faster, and more stable skyrmions. We develop a technique for operando electrical current pulsing of
chiral magnetic devices in a Lorentz transmission electron microscope to enable the investigation
of nanoscale skyrmions and their response to external stimuli. Using the repeated multilayer
stack of Pt/Co/Ru, we observe strongly pinned skyrmions that can be nucleated or annihilated with
electric current but are strongly bound to pinning sites. Also, we control the skyrmion density
using a thermally assisted nucleation and annihilation process via current induced Joule heating.
Micromagnetic simulations clarify that the nucleation and annihilation of skyrmions are consistent
with a thermally assisted process in which the spin texture finds i1ts energetic minimum of
configuration space. Finally, using the skyrmion density controllability, we demonstrate that high-
density skyrmion states are more stable than low-density states or isolated skyrmions, resisting
annihilation from magnetic field perturbations.
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Currently, comprehensive studies about W alloys have attracted attentions, which purpose to
enhance spin Hall angle (SHA) and spin Hall conductivity (SHC) [1-3]. Here, SHC of W-N alloys are
investigated using first principles calculations. Among various N compositions of W-N alloys, W,N
and WN are taken into account. W,N, with 50% N vacancy in NaCl structure, exhibits SHC of -966 S/
cm, enhanced by 29 % and 18 % over a-W (=744 S/cm) and B-W (=817 S/cm), respectively. WN, on the
other hand, thermodynamic average of three structures (NaCl, NbO and hexagonal) gives much smaller
SHC of around -194 S/cm. In particular, the large SHC of WN is elucidated by large Berry curvature
in T X.

Keywords: Spin Hall effect; spin Hall conductivity; spin Hall angle; first principles calculations
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We present a new method for torque measurement by using a membrane-type surface stress sensor (MSS).
This sensor has a silicon membrane supported by four beams with integrated piezoresistive paths
[1]. We modified the on-chip aluminum interconnect on the MSS to obtain more magnetic information
and used it for the torque measurement. We verified the angle-dependent magnetic torque measurement
of magnetic material by rotating the device with a respect to the applied magnetic field. Instead of
the existing one Wheatstone Bridge, on-chip aluminum interconnects have been modified to have two
Wheatstone bridges. Using this experimental setup, it was possible to simultaneously investigate

magnetic responses along different crystallographic directions in a two-dimensional plane.
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In this study, we have investigated a praseodymium substituted Bi-YIG films (PrxBilY2-xFe5012)
for optical isolator applications. Magneto-optical (MO) thin films can be used for applications in
various ways such as MO microscopy, optical isolators, and information storage devices. Although
1t 1s widely investigated, growth of high Faraday rotation magnetic thin films on glass substrate
1s still considered as a primary issue in MO thin films. Here, we have investigated enhancement
of MO properties in praseodymium-substituted bismuth yttrium iron garnet (PrxBilY2-xFe5012) thin
film on a glass substrate by using a metallo-organic decomposition (MOD) method. To improve the MO
performance of the as-prepared PrxBilY2-xFeb5012 thin film, different concentrations of Pr—substituted
bismuth yttrium iron garnet were prepared. It shows that PrxBilY2-xFe5012 thin film with an optimal
concentration of x=1 exhibited high crystallinity, high saturation magnetization and the highest
Faraday rotation (FR) angle of - 6.50/pum at a wavelength of 510 nm as shown in fgure below. The
Pri1Bi1Y1Fe5012 thin film fabricated by the modified MOD method displayed excellent MO performance and
1s a potential candidate for application in optical devices.
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In the field of nuclear medicine, ™1, a radioactive isotope, is used for the treatment of residual
tissues after respective surgery, and the number of treatments is increasing every year. The
YT has a half-life of about eight days and emits B-rays up to 606 keV and 364 keV y-rays. In
order to prevent safety accidents such as exposure to the open air during treatment, patients are
placed in the hospital room for a certain period of time, and radioactive contaminants are likely
to be exposed to the outside through various channels, such as vomiting or excrement, which are
typical side effects, and exposure to medical workers and the public occurs to deal with them.
Gamma cameras can be used to visualize and monitor the distribution of ™1 isotopes in the room,
where the collimator has previously used pinhole collimators to secure a wide range of field-of-
view(FOV), but this requires new alternatives due to drawbacks such as variation in detection
efficiency and poor performance at the edges. Although there were limitations in the development
of diverging collimators due to their physically complicated structure, diverging collimators of
metal materials are drawing attention as precision processing technology using 3D printers has
recently become possible. The purpose of this study was to optimize the design parameters of the
diverging collimator of tungsten for the imaging of "1 isotopes by using GATE(Geant4 application
for tomographic emission), a Monte Carlo simulation tool. The scintillator is GAGG, which has a
relatively high density of 6.63 g/cm’, which has an efficient stopping power and high fluorescence
yield. As a result of the simulation, the slat height of the collimator was raised to remove the
penetration and scattering rays due to the structural features of the diverging collimator. By
obtaining optimal sensitivity and spatial resolution for image formation, the design parameters
for hole size and septal thickness were derived through trade-off, and the performance comparison
with pinhole collimator was also carried out at the same magnification factor. In the future, it is
necessary to study optimized collimator study according to the energy range of the monitored target
and it 1s judged that experiments with actual sources should be conducted based on the simulation
results.
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1. Introduction

In the field of digital dentistry, interest in dental treatment using digital technology has in-
creased rapidly with the development of science and technology. Currently, one of the areas of in-
terest in digital dentistry is the dental CAD/CAM (Computer—aided Design/ Computer—-aided Manufac-
turing) system. Digital work flow is replacing the method of fabricating dental prosthesis by taking
impressions in the mouth and fabricating dental models through Dental hard stone [1].

In the digital work flow, not only the method of obtaining an impression in the oral cavity us—
ing an intraoral scanner, but also the oral cavity is radio—graphed using a dental CBCT (Cone Beam
Computed Tomography) which is an electromagnetic wave projection, and then DICOM File is converted
into STL file for digital dentistry. Techniques for making prostheses have been introduced [2]. The
digital model based on the CBCT scan can acquire data without the need to equip it with a high-ri-
gidity optical scanner, and the possibility of utilizing it has been presented [2].

In addition, in order to manufacture dental prosthesis, the introduction of 3d printing meth-
od makes it possible to manufacture dental prosthesis with high accuracy and convenience [3]. The
fabrication of dental prostheses using 3D printing is diverse, such as ceramic, metal, and polymer
materials, but currently the most commonly used material in clinical practice 1s temporary crown
resin material. Temporary crown material is a material that temporarily restores mastication and
aesthetic functions in the oral cavity for a certain period of time before completion of the oral
treatment during dental treatment or prosthesis treatment [4].

In the end, the most important thing for manufacturing a dental prosthesis with high accuracy
in a digital method is that the digital file of the dental model and the accuracy according to the
manufacturing method play a very important role. However, even 1f the accuracy of making a dental
prosthesis is high, the strength to withstand mastication in the oral cavity plays a very important
role.

The purpose of this study is to analyze the accuracy of a digital dental model using a dental CBCT
(electromagnetic wave method), and the 3-point flexural strength of printed specimens for each angle
(0", 45" , 90° ) of 3D printed temporary crown resin.

The first purpose of this study is to analyze the accuracy of a digital dental model using a den-
tal CBCT and the second purpose is to analyze the printed flexural strength by each angle (0° , 45° |
90° ) of 3D printed temporary crown resin.

2. material and method
In the first study, a single preparation dental model (AG 3Frasaco, GmbH, Tettrang, Germany) and a
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3-unit preparation dental model (1 (AG 3Frasaco, GmbH, Tettrang, Germany)) were used to analyze the
performance of a digital dental model using dental CBCT. After taking a tooth model using dental
CBCT, the acquired tooth model DICOM FILE was converted to an STL file. The converted STL file was
superimposed with References CBCT data and experiment CBCT data through a 3D superimposition pro-—
gram (Geomagic verify, Geomagic GmbH, Hill, USA), and then analyzed the accuracy and error of the
digital dental model through 3D analysis (fig. 1).

A. Preparation of Dental model B. Cone Beam Computerized Tomography(CBCT) Digital Filming C. Three-dimensional analysis of CBCT dental digital analysis

i)

Single preparation digital Dental model

ik/
A %

3-unit bridge digital dental model

(Convert DICOM file to Stl File)

Reference CBCT Data Experiment CBCT Data

Super imposition

)

Three dimensional analysis

Fig. 1. Procedure of experiment (CBCT dental digital model analysis)

In the second study, 3d printing temporary crown resin specimens were up—
loaded to a 3d printing program (to find and put) an STL file of 25 = 1 mm
in length, 2 £ 0.1 mm in height, and 2 £ 0.1 mm in width. After that, the
output conditions were set by setting the specimen angle to 0, 45, 90 angle,
the layer thickness to 50 pum, and the support thickness to 0.25 mm.

Fig. 2. Procedure of experiment (3-Point flexural strength)

After that, the universal tester (ElectroPuls E3000, Instron, Norwood, USA) is combined
with a 3-point flexural strength jig required by ISO 10477. After that, the specimen was
placed on the support so that the flat surface was symmetric, and the load was uniformly
increased from the zero point until the specimen fractured at a rate of 1 = 0.3 mm to
apply fracture (fig. 2).

The maximum flexural strength was calculated in MPa from the following equation.

5 _ 3FI
B oph2

F: Maximum load applied to the specimen (N)
[: distance between supports
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b: width of the specimen
h: thickness of the specimen

3. Results and discussion

As a result of the accuracy study of dental CBCT, the single preparation digital dental model and
the 3-unit bridge digital dental model have a common surface distortion. In particular, there was a
distortion of the positive shape in the margin of the preparation tooth, and it is considered that
1t would be difficult to manufacture a digital dental prosthesis due to the distortion of the surface
of the negative and positive shape between adjacent teeth.

In the second study, there was no statistically significant difference in the flexural strength of
the specimens printed by 3d printing angle (0, 30, 90 angle) of 3d printing temporary crown resin.

In the case of temporary crown resin, chemical bonds appear through photo—curing, so the physical
strength does not seem to change depending on the 3d printing additive angle.

4. Conclusion

In the first study, the accuracy of a digital dental model using dental CBCT is still unreasonable
to fabricate a dental prosthesis due to surface distortion, but it is believed that it will be
possible if the resolution is improved.

In the second study, since there is no significant difference in the strength of 3d printing
temporary crown resin according to the stacking angle, it is desirable to manufacture a dental
prosthesis by setting the condition with the highest accuracy according to the 3d printing operator.
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This study is about the evaluation of the mechanical properties of the prosthesis used when a
removable denture needs to be restored due to partial loss of teeth. If the tooth 1s partially
lost and the tooth is restored using dentures, a device called a dental attachment is used. The
attachment helps the removable dentures to be placed in a stable state without being separated
from the gums when chewing food. When the removable local denture is not properly placed, not
only functionalities such as mastication, but also aesthetics and pronunciation problems etc.,
cause considerable discomfort during use. There are various types of dental attachments, such as
stud type, bar type, and magnetic type. Among these, magnetic attachments are actively used for
advantages such as reducing lateral pressure applied to an implant by using the force of magnetic
force, convenient attachment and detachment of dentures, and excellent vertical holding power. The
retaining force of the upper and lower magnetic forces has a great influence on the attachment and
detachment of the dentures. This study is about the holding power performance test of magnetic
attachment. What is a magnetic attachment, the magnetic assembly with a built-in magnet is attached
to the denture, and the keeper of the metal plate is embedded in the tooth, and the denture is fixed
to the root of the tooth using the suction force acting on both the magnet structure and the keeper
[1]. The method for testing the holding power of the magnetic attachment complies with ISO 13017.
After attaching the magnetic attachment assembly and the keeper to the upper and lower portions of
the mechanical property tester equipped with a low friction ball bearing slider jig, respectively,
a cross head speed of 2 mm/min is applied. The retentive force is measured by applying a load until
the upper magnetic assembly and the lower keeper are completely separated. The retentive force test
of ISO 13017 was recently revised in 2020 after the standard was established in 2012. The crosshead
speed of the retentive force test was changed from 5mm/min to 2mm/min, and an analysis method for
the retentive force graph curve was added.

Fig. 1 Fixing of specimen for retentive force test of magnetic attachment

Dental ceramic, which is a material for tooth-shaped prostheses used in removable dentures, is
very promising due to its mechanical strength comparable to metals and excellent esthetics [2].
Reflecting the changes in the international standard revised in 2015, the mechanical properties
of dental ceramics made of zirconia according to firing condition were studied. For mechanical
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properties, a three-point bending strength test was performed, and the effect of the firing time on
the strength was analyzed. As the firing conditions, a comparative experiment was conducted by 3
groups such as 3hr 57min, 6hr 28min, and 10hr 5lmin at 1530 ° C. (n=15). The flexural strength test
was performed in a universal testing machine (crosshead speed Imm/min). The experimental results
were 771 MPa in group 1, 796 MPa in group 2, and 753 MPa in group 3. All three groups showed similar
strength, but it was the best at 6hr 28min, and the mechanical strength of zirconia ceramic was
found to be affected by the firing time. By reflecting the newly revised international standard test
method, performance evaluation on the mechanical properties of removable dentures was conducted to
keep pace with the latest research trends.

Fig. 2 3-point bending strength test of zirconia material ceramic
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In order to detect a radiation source, a system using a position measurement method was
constructed using a radiation spectroscopy detector. It is a method that can measure a two-
dimensional position by using three detectors. For this, a basic system was constructed using
three scintillators and three optical sensors. The actual location of the radiation source and the
radiation emitted from each location were measured, and the error between the location calculated
through the radiation location measurement algorithm was evaluated. A picture with coordinates was
used to specify the exact location of the radiation source, and the location of the radiation source
was calculated using the radiation coefficient measured at each location. As a result of the error
measurement, the error was 2.23% at the X position, 3.26% at the Y position, and an average of
2.75%. This basic experiment 1s expected to play a role as basic data for many system configurations
in developing a system that can quickly detect a radiation source without using a collimator when a
system 1s constructed using a radiation spectroscopy detector.
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Infroduction

Recently, as the demand for robots and the supply ratio of renewable energy have increased, the
usage of electric motors and generators has increased. Therefore, sensors required for detecting
the position of the rotor has also increased. Of these, the safety window motor for preventing
accidents in which an automobile window is pinched is based on the principle that a ring type bond
magnet 1s attached to the lower part of the rotor of the motor to detect the magnetic flux and detect
the position. At this time, a dead zone, which is a section where the magnetic flux is very weak,
1s generated between the N pole and the S pole of the ring-type bond magnet and the hall sensor
does not detect the magnetic flux in this section When the range of this dead zone is large, the
region where the magnetic flux can be detected 1s limited, so that accurate position detection is
impossible. In this paper, we provide the optimum model of a polar anisotropic molding yoke with a
magnetic flux—concentrated structure for the dead zone reduction plan of ring type bond magnets for
accurate control of electric motors and generators [1].

Equation

In order to concentrate the magnetic flux generated from the permanent magnet of the molding yoke,
a structure having a high magnetic flux concentration factor is required. And it can be expressed by
the following equation (1).

C, :i (1)
Ag

4 1s the cross—sectional area of the magnet, and 4 is the cross—sectional area of the air gap.
Th%s indicates that the more magnetic flux passing thrdugh the magnet than the air gap, the more the
magnetic flux is concentrated. Therefore, if the magnetic flux—concentrated structure is used, when a
magnetic field is applied, the air gap flux density can be higher than that of the conventional model,

Analysis & Result

In the case of the conventional model, the structure is such
that a magnetic field is directly applied to a very different ring
type bond magnet with a permanent magnet. Therefore, the magnetic
flux does not penetrate deeply into the magnet, and a large Dead
Zone 1s generated. To reduce this dead zone, this paper designed
a model that could be molded with a high air gap flux density by
inserting a magnetic flux concentration core. As shown in Fig. 1,
the thickness of the inner and outer teeth and the direction of
the magnetic field applied to the permanent magnet were used as the
design variable. In this paper, the results were analyzed through
finite element analysis. The design variable of inner and outer
teeth thickness was set range of Omm to 12mm and the angle degree
of the magnetic field applied to the permanent magnet was set the
range of 0° to 90°

Magnetic Flux

Outer Teeth

Figure 1: Variable Setting
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and the dead zone of the ring type bond magnet can be reduced.
A. Air gap flux density according to magnetization angle
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Figure 2 : Air Gap Flux Density according to Magnetization Angle

(d) 90°

Fig. 2 shows the change in air gap flux
density according to the magnetization
direction when the inner teeth thickness is
11mm and the outer teeth thickness is Omm.
Analyzing this result, when the angle of
the magnetization direction 1s too large or
too small, the magnetic flux leaks to the
permanent magnet and the outside. So it can
be confirmed that the maximum air gap flux
density is generated around 40°

B. Air gap flux density according to the thickness of the inner teeth

Fixed Mag_Ang = 40deg & Outer Teeth= 0mm

(b)Omm  (c)11mm
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Inner Teeth [mm]
——B_max —=—B_12.5deg

(a) Air gap flux density
according to inner teeth

Figure 3 : Air Gap Flux Density according to Inner Teeth

Thickness

|

(d)12mm

Fig. 3 shows the change in air gap flux
density according to the thickness of
the inner teeth when the angle of the
magnetization direction is 40° and the
thickness of the outer teeth is Omm.
Analyzing the results at 12.5° where
the dead zone occurs in a ring type bond
magnet, the magnetic flux leaks to the
adjacent core when the thickness of the
inner teeth is too large. So it can be
confirmed that the magnetic flux 1S most
concentrated on the pole of the ring type
bond magnet when the thickness of the inner
teeth 1s 1lmm.

C. Air gap flux density according to the thickness of the outer teeth
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Figure 4 : Air Gap Flux Density according to Outer Teeth

Thickness

Fig. 4 shows the change in air gap flux
density according to the thickness of
the outer teeth when the angle of the
magnetization direction is 40° and the
thickness of the inner teeth is 1lmm.
Analyzing the result, it is confirmed that
when the thickness of the outer teeth is
Omm, the magnetic flux leaked to the outside
is minimized and the maximum air gap flux
density 1s generated.

Fig. 5 i1s the optimum model that can be molded to the highest air gap flux density.
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ey Comparison of Conventional & Proposed Model
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Figure 5 : Air Gap Flux Density of Conventional & Figure 6 : Waveform Comparison of Conventional &
Proposed Model Proposed Model

Fig. 6 is a comparison waveform of the air gap flux density of the proposed model and the
conventional model. The proposed model has a 23% increase in air gap flux density compared to the
conventional model. As a result, dead zone decreased by about 22%.

Conclusion

In this paper, a flux—concentrated core was inserted to reduce the dead zone range of the ring type
bond magnet. As a result, it is possible to reach a higher air gap flux density than the conventional
model. Finally, the validity of this paper was verified through the finite element analysis method.
Based on this, it is expected that the market share of the safety window can be expanded, and
further, the technological competitiveness of domestic sensor industries can be improved.
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BLDC motors are widely used in electric vehicle systems such as actuators, traction motors, and
steering motors due to their high power density and efficiency. PM BLDC motors have an armature
winding wound around a stator and a permanent magnet attached to the rotor. Rotating force 1is
generated by the interaction between the magnetic flux of the armature and the magnetic flux of the
rotor by the armature current. The stator winding is a structure coated with an insulating material
to prevent short circuits between windings. However, there are cases in which the insulation 1is
destroyed due to voltage and current stress of the winding, driving temperature, vibration, and
the like. In this case, a closed circuit is formed between adjacent windings, which is called ITF.
When ITF occurs, a circulating current flows in the closed circuit, which causes the efficiency of
the motor to decrease and the temperature to rise. In addition, heat is generated in proportion to
the square of the circulating current, destroying the insulating material of the adjacent winding
and spreading the fault at a high speed. Therefore, researches such as ITF characteristic analysis
and fault diagnosis are actively in progress. However, further research is needed for research on
establishing a test environment for research. Therefore, in this paper, we model and simulate the

insulation breakdown of the stator winding of a SPM (Surface permanent magnet) type BLDC motor.
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Giant topological Hall response induced by spin chirality
fluctuation in a ultraclean frustrated antiferromagnet

Jun Sung Kim’

Center for Artificial Low Dimensional Electronic Systems, Institute for Basic Science (IBS), Pohang 37673, Korea
Department of Physics, Pohang University of Science and Technology (POSTECH), Pohang 37673, Korea

Quantum nature of electrons’ wave-functions manifests itself as Berry phase and emergent magnetic
fields when coupled to various types of chiral spin textures in itinerant magnets. This spin Berry
phase effect mainly works with a static spin order, which limits the magnitude of the resulting
topological Hall conductivity (THC) close to quantum conductance e®/h, and the effective temperature
range below the magnetic transition. Here taking a ultraclean triangular antiferromagnet PdCrQ, as
a model system, we show that a giant Hall response can be induced with a THC much larger than e/
h and maintained far above the Neel temperature up to~5 Ty. This drastic enhancement of THC above
Ty is attributed to the skew scattering of highly mobile Pd electrons to fluctuating but locally-
correlated Cr spins with a finite spin chirality. Our findings highlight the chirality fluctuations as

an effective source for topological Hall response in ultraclean itinerant magnets.
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First—principles study of magnetic van der Waals
materials: from Crl; and Fe;GeTe, to VSe, and VTe,

Myung Joon Han’

Department of Physics, KAIST, Daejeon, Korea

Magnetism in 2-dimensional van der Waals materials attracts lots of research attention, and
simultaneously, poses a challenge to the capability of our state-of-the-art measurement/simulation
techniques. Here in this talk, I will try to present a brief overview of how first-principles—based
theoretical methods can elucidate this intriguing material class when the experimental information
1s limited. By combining several different levels of approximations with the advacned magnetic
force response theory, we try to understand the van der Waals superexchange (or, ‘super-super’
exchange), the role of defects, and other magnetic properties. The materials that we previously
studied include Mott insulating CrlI3 [1], metallic Fe3GeTe2 [2], and two different transition-metal

dichalcogenides [3, 4]. I will also try to outline the remaining open problems.
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Terahertz Spectroscopy of Magnons in HoFeO, and
Detection of Rabi Splitting
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Orthorhombic HoFeO3 single crystals were studied via terahertz time—-domain spectroscopy (THz-
TDS) in the spectral range of 3-100 cm' at 1.5 K under a magnetic field up to 7 Tesla. Three
different classes of excitations were found: quasi—ferromagnetic resonance (gFMR) modes, quasi-—
antiferromagnetic resonance (gAFMR) modes, and the rare-earth (R) modes. The latter is due to an
electron paramagnetic resonance (EPR) transition between the two states belonging to the ground
quasi-doublet of Ho3+ ions further split by the crystal field and the Fe* exchange field. A strong
interaction between the resonance modes and the R modes lead to a hybridization, which yields a
Rabi splitting between the magnon—like branch and the EPR-like branch. Thus, HoFeO, can serve as a
model solid-state system to study matter—field interactions in a cavity QED (quantum electrodynamics)
setting, which traditionally focused on atom-photon interactions in the context of the Jaynes-—
Cummings model (JCM).
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Random singlets in guantum magnets with frustration
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Conventional wisdom says that quenched disorders in magnetic insulators often lead to spin
freezing or spin glass. Recently, however, exchange randomness has been proposed as an alternative
to quantum-spin-liquid (QSL)-like states such as valence-bond glass and random-singlet states.
Counterintuitively, quenched randomness seems to promote competing magnetic interactions and quantum
fluctuations as long as a certain degree of disorder and frustration 1s present irrespective of their
spatial dimensionality, type of exchange interactions (Heisenberg and Kitev), and lattice geometry
(triangular, Kagome, honeycomb, and square lattice).

Random singlets entail quasi-universal characteristics: quantum scalings of thermodynamic
quantities, a T-linear dependence of magnetic specific heat in the strong disorder limit, and
spinonlike behavior of orphan spins. However, little is known about the nature of this gapless
QSL-1like state. The related question is whether such a state is a simple quantum paramagnet or a
disorder—driven QSL entailing many-body entanglement.

In this talk, I will briefly review recent theoretical and experimental progress in the research of
random singlets and then present our activities. First, we will address this issue in the diluted
Kitaev candidate material a-Ru, Ir,Cl; (x = 0.2). Combined thermodynamic and spectroscopic studies
unveil that a-Ru,_Ir,Cl; is a proximate realization of a bond-disordered Kitaev model harboring
randomly hopping Majorana fermions. Second, we will discuss the s=1/2 J,- J, square-lattice
Heisenberg antiferromagnets Sr,Cu(Te, W.)0; (x = 0.05 - 0.1). The random Te-for-W substitution
generates exchange randomness, thereby leading to a suppression of the Néel order. Our magnetic
resonance and thermodynamic data show many of QSL phenomenology with some indication of a random—
singlet state. Third, we will address the three-dimensional frustrated magnet Re,Sb;Mn,0,, (Re =
La, Lu), where the Mn® magnetic ions (S=5/2) constitute a rhombohedral lattice. The thermodynamic
quantities display quantum scalings and the magnetic resonance data show a dynamically fluctuating
state down to 20 mK. All these results are consistent with a random-singlet picture.
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a-RuCl; 1s an antiferromagnetic insulator with a zigzag long order. Observed magnetic continuum
excitation and

fractionalized magnetic entropy have supported that it 1s proximate to the Kitaev system which
can host the quantum spin liquid (QSL) interpreted with free Majorana fermions in a static Z, gauge
field. The zigzag order can be suppressed and an intermediate phase (IP), possibly QSL, can emerge
in between the zigzag spin order and the spin polarized order when an external magnetic field is
applied. A few theories have attempted to explain the origin of IP in the presence of magnetic
field. However, they have failed to show the IP in in-plane fields observed by some experiments. In
this study, we introduce the simplest but essential quantum spin model with a ferromagnetic nearest
neighboring (NN) Kitaev interaction and antiferromanetic third NN Heisenberg interaction (K-
J, model). Employing both exact diagonalization and density matrix renormalization group methods,
we demonstrate that the model shows the magnetic phase transition from the zigzag order phase to
the spin polarized phase through an IP in both cases when an in—plane magnetic field is applied
perpendicular to the NN bond direction and when an out-of-plane field is applied, in good agreement
with experimental observations. Furthermore, we verify that additional symmetric off-diagonal T
interaction and ferromagnetic Heisenberg interaction between NN spins can both suppress the IP in
in—plane fields.
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We argue that a non-abelian quantum spin liquid may be detected by magnetic field angle
dependence of physical observables. A spin model with the Kitaev, Heisenberg, and off-diagonal
symmetric terms on a honeycomb lattice is analyzed by using exact diagonalization, spin-wave
theory, and parton mean—-field theory. Characteristic field angle dependence of a non-abelian
Kitaev quantum spin liquid is uncovered. The angle dependence is strikingly sensitive to the
off-diagonal symmetric terms in drastic contrast to its insensitivity to the Heisenberg term.
We further demonstrate the existence of critical lines on a plane of magnetic field direction,
associated with topological natures of a non-abelian quantum spin liquid. Thus, we propose
that the angle dependence may be used to identify a non-abelian Kitaev quantum spin liquid and

discuss its smoking-gun signatures which are applicable to candidate materials such as a-RuCl;.
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Describing the magnetic structure and origin of band
gap on Ba,CuOsO, system; density functional theory
approach

Changhoon Lee, Ji Hoon Shim

Max Planck POSTECH Center for Complex Phase of Materials, Pohang 790-784, Korea
Department of Chemistry, Pohang University of Science and Technology, Pohang 790-784,
Korea

We examine the magnetic structure and origin of band gap opening for Ba,CuOsOs by extracting spin
exchange interaction and by adopting spin-orbit coupling effect. The ordered double-perovskites
Ba,Cu0sO; which consist of 3d and 5d transition-metal magnetic ions (Cu™ and Os™, respectively)
is magnetic insulators; the magnetic susceptibilities of Ba’Cu0s0® obey the Curie-Weiss law with
dominant antiferromagnetic interactions and the estimated Weiss temperature is -13.3 K. Solid-state
osmium oxides can exhibit a variety of magnetic and electronic phenomena associated with their
electron correlation. There are two important issues on solid-state osmium oxides; one 1s origin
of band gap inducing metal to insulator transition. Other one is variety of oxidation state of Os
ion. This wide spectrum of oxidation state of Os atom on osmium compounds is directly attributable
to a large a spatial extension of Os bd orbital. From the results of density functional study, the
spin exchange interaction between Cu atoms is mainly responsible for antiferromagnetic ordering on
Ba"Cu0s0° system. To describe the magnetic insulating states of Ba,CuOsO,, it is necessary adopting
an electron correlation effect as well as spin-orbit coupling effect.
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The Study of Planar Hall Effect in CoFeB/MgO with various
Metals under Layer Structure

Mingu Kim"”, Chang—=Jin Yun', Jiho Kim', Kungwon Rhie"?

'Department of Applied Physics, Korea University, Sejong, 30019, Korea
’Department of Display and Semiconductor Physics, Korea University, Sejong, 30019, Korea

The heavy metal/CoFeB/Mg0 is well known perpendicular magnetic anisotropy (PMA) thin film
structure. The structure of samples were Ta(2)/Pt(5)/CoFeB(0.8)/Mg0(3)/Ta(2), Ta(2)/W(5)/
CoFeB(0.8)/Mg0(1)/Ta(2) and Ta(5)/CoFeB(0.8)/Mg0(2)/Ta(2) with thickness in nm. The thin films were
deposited on Si substrate by magnetron sputtering system. After sputtering, Ta/W/CoFeB/MgO/Ta
and Ta/CoFeB/Mg0/Ta were annealed at 300 °C for 30 min. Meanwhile Ta/Pt/CoFeB/Mg0O/Ta samples were
annealed at 450 °C for 30min.

The @ 1s the angle between in-plane magnetic field and injected current to samples. The measurement
of anomalous Hall effect (AHE) was done rotating @ from 0° to 360°. The Hall resistance we obtained
is explained by the contribution of AHE and the planar Hall effect (PHE). Since the PHE is dependent
of @, the PHE can be described as function of sin2¢ . Thus, the Hall resistance is contributed only
AHE when the ¢ = 0°.

The PHE of W under layer samples exhibits larger magnitude than those of Ta or Pt under layer
samples. The difference of PHE between W and the other samples shows that PHE is changed by heavy
metal under the CoFeB layer.

0.10 TaRYW(5)/CoFeB(0.8/MgO(1)/Ta(2) in nm [6 = 0

—a— Ta(2)/W(5)/CoFeB(0.8YMgO(1)Ta(2)
0.08 - fitting curve ]
0.06 [
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Fig. 1. Planar Hall resistance (Rpue) measured in Ta(2)/W(5)/CoFeB(0.8)/MgO(1)/Ta(2) sample using
rotating in-plane magnetic field.
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Unidirectional Transport of Magnetic Skyrmion through
Symmetry—Breaking of Potential Energy Barriers

Dae—Han Jung", Hee—Sung Han', Namkyu Kim', Ganghwi Kim', Suyeong Jeongd',
Sooseok Lee', Myeonghwan Kang', Mi—Young Im?, Ki—Suk Lee'

'School of Materials Science and Engineering, Ulsan National Institute of Science and
Technology, Ulsan 44919, Republic of Korea.
2Center for X-ray Optics, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA.

Magnetic skyrmions, topologically protected chiral spin textures, are envisioned as the promising
information bit carriers due to their particle-like nature with topological stability, high
mobility, and small size [1-3]. Here, the unidirectional control of skyrmion transport is a crucial
prerequisite for developing skyrmion-based spintronic devices. We show that, by means of symmetry-
breaking of potential energy for a confined skyrmion within an asymmetric geometry, the current-—
driven motion of a skyrmion can be manipulated in a preferred direction. We develop the method
makes use of an equipotential path and the location of the saddle point, which is time-efficiently
applicable to know the final state of the transition in situations where the conventional equation
of skyrmion motions are too costly or too tedious to evaluate it. From the method, we identified the
under lying mechanism that the directionality of the potential energy barrier perpendicular to the
external driving force plays a crucial role in the unidirectional control of skyrmion motions. These
findings have important implications for an efficient way to design skyrmion—based logic devices such
as a diode or a transistor element.
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Skyrmion calculator based on boundary annihilation

Moojune Song’, San Ko, Sung Kyu Jang, Min Gyu Park, Kab—Jin Kim®

Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 34141, Republic of Korea
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Magnetic skyrmion has been receiving huge attention as an information carrier for next-generation
memory/computing devices, because of its small size, fast speed, low-current motion, and especially
the topological protection [1]. In that respect, many ideas to realize the skyrmion—based devices
have been proposed in the belief that the skyrmion is robust. However, during a decade, the mass of
experiments showed that the topological protection of skyrmion is debatable in a real system, but
rather the skyrmion can easily be annihilated at the film edge. The skyrmion annihilation (SA), in
respect of the data preservation of a memory device, was regarded as a detrimental phenomenon, and
therefore the majority of researches devoted to avoid it. On the contrary, here we report that the
SA can be used in a positive way, developing a new functionality of skyrmion logic device named as
a skyrmion calculator. Previously proposed skyrmion logic gates [2, 3] could not directly realize
the XOR operation, which is essential for the Boolean adding calculation. By modifying the previous
skyrmion logic gate [3] and utilizing the SA properly we propose SA adder devices. Using MuMax3
micromagnetic simulations, we demonstrate the operation of SA half adder, SA full adder, arbitrary
n-bit SA ripple-carry adder, and furthermore a parallel computing operation using them. Comparing
the power consumption, our device showed about 15% level of previously proposed device [3], due
to the cell density and structural simplicity. Based on the scalability and extensibility of our
device, we suggest that the skyrmion annihilation is no more detrimental phenomenon, but is a
beneficial for logic device applications.
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Giant spin Seebeck effect (SSE) in two—dimensional
ferromagnetic Crl; monolayer

Brahim Marfoua*, Imran Khan, Jisang HongT

Department of Physics, Pukyong National University, Busan 48513, Korea

The spin Seebeck effect (SSE) was discovered a decade ago, and it is one of the key factors in the
spin caloritronics field which refers to the coupling electron spin and charge transport [1-3]. One
of the many promising device applications using the SSE is the spin thermoelectric generator. Most
of previous experimental and theoretical studies have investigated the SSE in bulk materials [4-6].
Nonetheless, the efficiency of the SSE is still insufficient compared the conventional Seebeck effect,
and only a magnitude of a few nV/K has been generated. To fabricate working device in realistic
condition, it is highly desirable to find materials or structures which produce high SSE. However, no
one has ever reported the SSE in the pure 2D ferromagnetic materials. Thus, using the first principle
calculation, we investigated the SSE of the 2D ferromagnetic Crl; system in this study. An indirect
bandgap of 1.08 eV was obtained from the spin majority contribution. However the spin minority had a
large bandgap of 3.07 eV. The spin dependent thermoelectric properties using the Boltzmann equation
theory were calculated at 20K and 40K. The spin dependent Seebeck coefficient (S‘"*’) and electrical
conductivity (o' and o'), we found a similar magnitude (maximum values of 1450 pV/K) for both
spin and charge Seebeck effect at 40K. To the best of our knowledge, such a giant SSE performance
has never been reported in the 2D ferromagnetic materials. This finding may offer a new dimension in
the generation of the spin current efficiency and a potential magnetic material in the thermoelectric
generator based on magnetic/metal heterostrucutre in order to improve its performances.
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Educational a Pair of PET Detection System Based on
1D—RCD and Oscilloscope
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Nonvanishing anomalous Hall effect of the quaternary
Heusler compound TiZrMnAl with compensated
ferrimagnetism

Thu—-Thuy Hoang', Minkyu Park?, Do Duc Cuong', S. H. Rhim', S. C. Hong'

'Department of Physics and Energy Harvest-Storage Research Center, University of Ulsan
’Research Institute of Basic Sciences, University of Ulsan
(sonny@ulsan.ac.kr, schong@ulsan.ac.kr)

Recently, nonzero anomalous Hall conductivity is predicted in full-Heusler compounds[1] with
compensated ferrimagnetism despite vanishing magnetization. This finding has drawn a lot of
attentions to achieve spintronic device with no stray field. In this work, a quaternary Heusler
compound TiZrMnAl is studied, whose space group is F43m. Among two possible structures (Fig. 1)
due to the equivalency of Ti and Zr, type I is energetically more stable by energy difference of
0.34 eV. Both types are spin-gapless semiconductors, where valence band maximum and conduction band
minimum touch at the Fermi level [2,3]. Furthermore, compensated ferrimagnetic TiZrMnAl satisfes
Slate-Pauling rule. We find non-negligible intrinsic anomalous Hall conductivity (AHC) of 641 (Q'em™)
and 200 (Q7'em™) for Type I and Type II, respectively. In particular, the dominant contribution
to AHC in type I comes from the point between L - W, which can be enhanced to 1650 (Q'em™) by an
upward shift of the Fermi level by 27meV.

ol

\
U-60 6 121, V X w U-60 6 121
o, [10? Q'em!] o, [102 Q'em!]

1

spin 1 S, spin |

Fig 1. Crystal structure, band structure (soc), and calculated anomalous Hall conductivity of
quaternary Heusler compounds TiZrMnAl Type | (left panel) and Type Il (right panel).

Keywords: Heusler compounds, anomalous Hall conductivity
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Electric filed dependent valley polarization in 2D WSe,/
CrGeTe; heterostructure

Brahim Marfoua*, Jisang HongT

Department of Physics, Pukyong National University, Busan 48513, Korea.

Valleytronic has received an extensive interest as a promising field for the information
processing, storage and logic operation applications. It 1S necessary to break inversion symmetry
in the semiconductors which has energetically degenerate valley to achieve valley-contrasting
phenomenon [1-3]. An external magnetic field can manipulate the valley polarization[4]. However,
1t requires a huge magnetic field to induce a sizable valley polarization. Thus, the magnetic
heterostructures via proximity has been proposed as an alternative approach[5]. For instance,
2D WSe,/CrI, van der Waals heterostructure has been considered to investigate the valley
polarization[6]. Along with the Crl, it is known that the 2D CrGeTe; also shows the ferromagnetic
state with a finite band gap. Nonetheless, no report is available for the valley polarization induced
by 2D CrGeTe; layer. Thus, we have investigated the electric field dependent valley polarization of
2D WSe,/CrGeTe; heterostructure. The WSe,/CrGeTe; system has an indirect band gap of 0.253 eV without
spin orbit coupling (SOC), and this is reduced to 21 meV with SOC. The WSe,/CrGeTe; system has a
weak perpendicular magnetic anisotropy of 0.05 meV/cell, and the critical temperature is 38 K. The
magnitude of the valley polarization is 3 meV without an electric field. For instance, we obtain
the valley polarization of 9 meV if the electric field of 0.4 V/A is applied from the CrGeTe; to the
WSe,, but it becomes 0.5 meV if the electric field direction is reversed even at the same intensity.
We have found that the charge redistribution happens depending on the electric field direction. So,
we attribute this feature to the electric feld dependent valley polarization of the 2D WSe,/CrGeTe,
heterostructure. We may suggest that the WSe,/CrGeTe, heterostructure can be a potential candidate
for valleytronics device application.
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A New Methods for Distinguishing Phoswich Detector
consisting of LYSO and GAGG

Jingyu Yang*, Songhyup Kang, Kanguk Jin, Joomin Kim, Jihoon KangT

Department of Biomedical Engineering, College of Engineering, Chonnam National
University, Jeonnam 59626, Korea

This study introduces a phoswich detector consisting of widely used LYSO:Ce and recently newly
developed GAGG:Ce without additional distinguishing methods. This proposed detector design induces
light loss of scintillation photons by difference in refractive index and light transmission between
the crystal layers. The light loss generate a pattern diagram of the 2D flood histogram that allows
the extraction of 3-dimensional position (X, Y, and depth position). An experimental study was
performed to acquire the flood histograms of the DOI detectors that consists of 4 x 4 LYSO arrays
and 4 x 4 GAGG arrays with an individual size of 3.17 x 3.17 x 10 mm® arranged with a 3.37 mm pitch
and GAPD array with a pixel size of 3.16 x 3.16 mm’. Experimental studies were performed twice by
reversing crystal layers of proposed detector. Experimental results revealed that all crystal pixels
were clearly identified in the 2D flood histogram when LYSO crystal layer was in bottom-layer. The
mean energy resolutions of LYSO and GAGG crystals were 13.8% and 14.2%, respectively. These results
demonstrate that phoswich detector can extract 3-dimensional interaction of gamma—ray without
additional distinguishing methods. The important advantage of the proposed methods is that only
simple anger logic is needed for providing the depth-of-interaction information. Also, additional
distinguishing methods or pulse shape discriminating information were not needed.

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the

o 80 100 120

Fig 1. The obtained flood histograms of all layers
(left), GAGG-layer (middle), and LYSO-layer (right).
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Rare—Earth Permanent Magnets for the Fourth Industrial
Revolution: Status and Prospects

Wooyoung Lee

Department of Materials Science and Engineering, Yonsei University, Seoul 03722, Republic of Korea

A compelling need for high magnetic properties led to active consideration of rare-earth
permanent magnets, which have been used in various applications such as communication, memory,
and audio equipment. Since their discovery in 1984, high-coercivity sintered Nd-Fe-B magnets have
found numerous practical and industrial applications, e.g., as components of actuators, motors,
generators, robots, and wind power plants due to the rise of the fourth industrial revolution
and problematic issues of air pollution and fine dust generation. In particular, demand for high-
performance permanent magnets 1s rapidly increasing to meet the ever growing interest in the
industry of environment—friendly automobiles (hybrid / electric vehicles). However, since the
rare—earth magnets are expensive and have limitation in high-temperature applications such as
an automobile motor, it 1s essential to develop a permanent magnet with reduced rare-earth
concentration that can bear high temperatures. Consequently, several major corporations have
established a high-performance permanent magnet research team and are pursuing new businesses. At
this point of view, the present article reviews a summary of the history and the R & D trends of
rare—earth permanent magnets that have been developed in the past.

Keywords: Permanent Magnet, Rare Earth, Nd-Fe-B, Motor, Automobile
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Permanent magnets for high efficiency motor
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Electric motors are responsible for about 45% of the total consumption of electric energy, and
the percentage ascribable to motors rises to around 66% for the most energy—eating ambits, i.e.,
manufacturing companies in the industry [1]. Considering that a large number of the motors currently
in operation are obsolete, it is clear that replacing them with more efficient motors would lead to
important advantages for the energy conservation and environment. For instance, enhancing motor
efficiency by 3.3% could reduce the electric power of 2.7 nuclear power plants generating 1 GW, as
well as a large amount of greenhouse gases. For these reasons, the leading countries, such as the
United States, European Union, etc., are in force regulatory plans providing for the mandatory
compliance with gradually increasing efficiency requisites for new installations.

Among all types of motors, the permanent magnet motor exhibits the best efficiency, and its
efficiency can be further improved by enhancing magnetic properties of the permanent magnets. Rare
earth Nd-Fe-B magnets exhibit the highest maximum energy product of 59 MGOe at room temperature [2].
However, its restricted supply, high cost and a large negative temperature coefficient of coercivity
limit its usage for motor applications. In these reasons, developing new permanent magnets with
moderate performance would be worth enough for the motor applications. Therefore, in this talk,
we will introduce the magnetic properties of newly developed novel rare earth free/lean permanent
magnets, such as ThMn,,~type Fe-rich compound, Mn-Bi, and grain boundary diffused heavy rare earth
element-free Nd-Fe-B for the motor applications.
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Permanent magnets of high remanence and coercivity have been intensively studied for their
promising applications in environmentally friendly hybrid vehicles and wind turbines. Sintered
NdFeB is the most widely utilized hard magnet, due to its high maximum—energy product, BH),, ~64
MGOe, as obtained by theoretical prediction. The microstructures of the NdFeB magnet remarkably
modify the value of BH),,. In order to understand the correlations of BH),, and coercivity with the
microstructures of NdFeB magnets (e.g., grain size, grain boundary, crystallographic orientation
of grains), a finite-element micromagnetic computational simulation approach is one of most optimal
tools to elucidate magnetization reversals in three-dimensional granular magnets. In this talk, we
show how finite-element micromagnetic simulations are useful in studies of the effects of a rich

variety of microstructures on BH),, and coercivity[l,2].
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Microstructure of Grain Boundary Diffusion Processed
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In this presentation, we report recent microstructure analysis works revealing the microstructural
characteristics of HRE (Heavy Rare-earth)-rich shells and Nd-rich grain boundary phases in grain
boundary diffusion processed Nd-Fe-B sintered magnets. A different diffusion behavior of HRE
within the magnets depending on the form of diffusing materials (HRE-vapor or HRE-compounds) was
characterized [1-3], the systematic changes in structure and chemistry of the Nd-rich grain boundary
phases during the grain boundary diffusion process were analyzed [1-3]. Through the detailed
microstructure observation using the SEM and HAADF-STEM combined with the EDS and WDS, the formation
mechanisms of HRE-rich shells could be established from two perspectives: 1) solid diffusion of
HRE and ii) solidification of HRE-dissolved liquid [4, 5]. Thereby, the origin of the asymmetric
feature of HRE-rich shells along the grain boundary phases was also clarified [4, 5]. Based on the
results from microstructure characterization, a method to further improve the coercivity of Nd-Fe-B
sintered magnets by the grain boundary diffusion process will be proposed.

References
1] Tae-Hoon Kim et al., Acta Mater. 172, 139(2019).

[

[2] Tae-Hoon Kim et al., Acta Mater. 93, 95(2015).

[3] Tae-Hoon Kim et al., J. Appl. Phys. 115, 17A763(2014).
[4] Tae-Hoon Kim et al., Scripta Mater. 178, 433(2020).
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Comparison of Soft magnetic composite cores from
both Fe—based amorphous and crystalline powders

Hwi—Jun Kim', Min—Woo Lee
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Whether we realize it or not, we use soft magnets, directly and indirectly, every hour of the day.
Soft magnetic materials are used for power generation, transfer, and conversion, and are extensively
used in electric machines, power electronics, sensors, and electromagnetic interference (EMI)
shielding. They play a vital role in today s energy-use sectors of the economy.

A combination of emerging trends in demand for key end products, combined with the availability
of new, more efficient and more effective soft magnet materials, is driving markets more rapidly than
ever. Key factors include increasing demand for high-efficiency electric motors, particularly in the
global automotive industry as electric vehicles (EVs) finally begin to make a meaningful push into
global markets.

The properties of soft magnets rely on multiple diverse manufacturing technologies and
materials that are used for a wide array of applications and end uses. The development of new
materials and novel applications for the electric motors, high frequency power conversion parts and
telecommunications industries during the past two decades has immensely broadened the scope and
altered the nature of soft magnetic materials in Korea.

To meet the growing need for energy efficiency in power electronics and electric machines, we
have been studying on a number of new soft magnetic composite cores with different structure like
crystalline, amorphous and nano crystalline. Compared to the currently most widely used crystalline
SMCs, the amorphous SMCs possess more favorable properties, including high electrical resistivity,
good saturation magnetization, low coercivity and near-zero magnetostriction.

This presentation will introduce the results on frequency dependence of the soft magnetic SMC
cores manufactured from crystalline and amorphous powders using conventional powder metallurgy
processes. While crystalline SMC cores showed useful soft magnetic characteristics in low frequency
ranges, amorphous SMC cores exhibited valuable properties in high frequency ranges.

Furthermore, effects of microstructural factors like grain boundary area fraction, porosity and
grain size on soft magnetic properties of those SMC cores.

Keywords: soft magnetic property, soft magnetic composites, powders, microstructural factor,
powder metallurgy process.
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Fig. 1. Soft magnetic properties of FeSiBCo amorphous SMC Core
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It is technologically interesting challenge to develop the high performance Nd-lean RE-Fe-B
magnets by substitution of Ce and La for Nd, which is also quite important from an industrial
viewpoint. Actually, many efforts have been made to substitute Ce and La for Nd in sintered Nd-
Fe-B magnets. Despite of the inferior intrinsic magnetic properties of CeJFe, B and La,Fe, ;B compared
to Nd,Fe, B, it 1s reported that deterioration of magnetic properties due to Ce and La substitution
could be largely suppressed by constructing a multi-main-phase (MMP) structure in Nd-lean RE-Fe-B
sintered magnets. On the other hand, most of the studies has been concerned with sintered magnets
and studies on hot-deformed Nd-lean RE-Fe-B magnet are quite limited. In this study, therefore,
Nd in hot-deformed Nd-Fe-B was partially substituted by Ce and La for the purpose of reducing the
materials cost and balancing the utilization of rare earth resources. Initial melt-spun ribbons
with the nominal compositions of (Nd,_M,); sFep.Bs Ga, {Cos s (x=0, x=0.2/M=Ce, x=0.3/M=Ce, CetLa, wt.%)
were prepared by a single-roller melt-spinning method, and pulverized into powders. The powders
were then hot-pressed at 973K under 100MPa and deformed at 973K until 75% of height reduction is
achieved. The magnetic properties of hot-deformed magnets were decreased with the substitution of
Ce for Nd in Nd-Fe-B magnets. In addition, simultaneous substitution of Ce and Le for Nd resulted
in much lower magnetic properties, which was almost the same tendency as initial melt-spun powders.
Although the magnetic properties were deteriorated, the cost performance was largely enhanced from
2.32 to 2.62 MGOekg/$ by 13% when increasing the content of Ce substituted for Nd from O to 30 wt.%.
Based upon these results, the magnetic properties and microstructure of M(Ce, La)-substituted (Nd,
M)-Fe-B hot-deformed magnets will be discussed.
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Astroid in spin Hall current & Dzyaloshinskii—Moriya
interaction
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?Applied Physics, Korea University, Sejong, 30019, Korea

Pt/Co/Pt and Ta/CoFeB/Mg0/Ta multilayer with perpendicular magnetic anisotropy were fabricated
with 30 x EHD;nn: square pattern. To measure the astorid, y-directional magnetic field was set
multiple fields and z-directional magnetic field (H,) was varied in parallel with electro-magnet and
Helmholtz coil. Hysteresis shows the value of unstable point that becomes a point of the astroid
of the Stoner-Wohlfarth model. The astroids rotate with spin torque. This rotation pattern
shows proportional relationship between spin torque and H, at the range of few Oe. That is, if the
linear relationship between H, and spin torque makes it possible to measure an exact spin torque
by measuring shifts of H, Furthermore, this astroid contains two important pieces of information.
First, the direction of the rotation shows the sign of spin Hall angle. Second, flat part of the
astorid gives the Hy, value. Not only sign of spin Hall angle but also value of the Hy, can be

determind by astroid.

- 151 -



O-11-2

Gate—tunable large nonreciprocal charge transport in
noncentrosymmetric LaAIO,/SITiO; interfaces
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The electrons confined at the interfacial quantum well of LaAlO,/SrTi0,(LAO/STO) displays diverse
exotic condensed matter phases and rich spin-orbitronic functionalities associated with broken
inversion symmetry. This two-dimensional polar conductor may exhibit directional propagation of
itinerant electrons, 1.e. the rightward and leftward currents differ from each other, when the
time-reversal symmetry is further broken by applying a magnetic field. This potential rectification
effect generally was displayed to be very weak due to the fact that kinetic energy is much higher
than energies related to symmetry breakings producing weak perturbation. Here, we present large
gate—tunable nonreciprocal charge transport in the LAO/STO conductive oxide interface, where the
electrons are confined at two-dimension with low Fermi energy. Moreover, the Rashba spin-orbit
interaction owing to a sub-band hierarchy of this system allows powerfully tunable nonreciprocal
response by applying a gate voltage. Upon increasing gate voltage, the ratio of resistance change
between rightward and leftward currents was increased up to 2.7%. The coefficient y indicating the
strength of the magnetochiral anisotropy, was measured to be as high as ~ 10° T* A, which is about
three order of magnitude higher than those estimated for typical noncentrosymmetric conductors [1].
In addition, the magnitude of the directional response exhibits additional higher order magnetic
field dependence. The overall behavior of nonreciprocal response in LAO/STO can be attributed to
the competing energy scales among kinetic energy, spin splitting energy due to broken inversion
symmetry, and Zeeman energy due to time-reversal symmetry breaking. The observed behavior of the
large directional response in our study inspires a promising channel to enhanced nonreciprocal
charge transport in polar materials.

- 152 -



O-1I-3

Direct terahertz probing of the fundamentals of
anisotropic magnetoresistance
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Anisotropic Magnetoresistance (AMR) is a fundamental spin-orbit-coupling (SOC)-induced magneto-—
transport phenomena that describes the anisotropic charge conductivity depending on relative
orientations of the current flow and the magnetization. The microscopic mechanisms of AMR have so
far been attributed to either intrinsic [1,2] or extrinsic origin [3,4], yet the direct separating
the origins have remained a challenge due to the experimental difficulties in direct accessing the
electron scattering process. Here, we, for the first time, have clearly separated the extrinsic and
intrinsic origin of AMR. Using terahertz (THz) time domain spectroscopy, we have independently
probed the electron scattering time (T) and the ratio of carrier density to the effective mass (Thjﬂms
) in Permalloy films. The anisotropy ratio for T, which corresponds to the extrinsic scattering—
dependent effect, is about 2.4 ~ 3.0 % and decreases with increasing temperature. On the other hand,
the anisotropy ratio for T1f7ﬁf, which reflects the intrinsic scattering-independent band-induced
effect, 1s comparable to the extrinsic contribution and is almost independent of temperature. These
results suggest that the intrinsic mechanism is increasingly important at higher temperature, and
could be a significant for room-temperature applications, e.g., SOT devices utilizing the transverse
AMR as a spin current source [5,6]. Our findings will stimulate further fundamental studies of SOC-
induced phenomena, such as anomalous Hall effect, magnetic damping [7, 8], where identifying the
intrinsic and extrinsic contributions 1s important.
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A large reduction in switching current in W/CoFeB
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A brand-new physical phenomenon called spin-orbit torque (SOT) is drawing attention from many
researchers because it 1s suitable for the development of a memory device that is energy efficient
and non-volatile. SOT refers to the torque generated by the angular momentum transferred to
magnetization when the spin current generated in the nonmagnetic layer (NM) flows to the adjacent
ferromagnetic layer (FM). By using this, it is possible to reverse the magnetization direction
of the FM at higher driving speed and higher energy efficiency compared to the conventional spin-—
transfer torque (STT) [1]. However, in the case of operation using spin-orbit torque, the switching
current is very large, so there is still a problem in application to memory or logic devices. The
spin Hall angle (SHA) is defined as how much spin current can be generated compared to the injected
current, and the magnitude of the switching current is inversely proportional to this SHA [2].
Therefore, recent studies have reported SHAs obtained from various NM (~0.33 for B-W [3], ~0.12 for
Ta [4], ~0.10 for Pt [5]), but they have not been able to obtain high values that can be applied to
devices. It is no longer possible to expect an improvement in the SHA with a single NM material,
researches have been actively conducted in the direction of manipulating the NM/FM interface [6].
In this study, we would like to discuss how the SOT switching current can be greatly reduced by
interfacial engineering in which a W-N ultra-thin flm is inserted into the W/CoFeB interface. The
W-N ultra-thin film was deposited by reactive sputtering using DC magnetron sputtering in an N,
atmosphere, and the efficiency of SOT was measured while changing the N, composition and thickness
of the W-N intercalation layer. When the thickness of the W-N insertion layer was 0.2 nm and the
composition of N was 42 at%, a SHA of 0.54 was obtained. Accordingly, the SOT switching current was
also reduced to one-fifth compared to that of W/CoFeB heterostructure. The results show that the SOT
efficiency can be significantly changed even when the interface is manipulated using an ultra-thin film
of 0.2 nm scale, and it can be confirmed that it is necessary to focus on the interface to increase
the possibility that the SOT technology will be applied to the device.
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Spin-orbit coupling effect in structures with broken inversion symmetry, known as the Rashba
effect, facilitates spin-orbit torques (SOTs) in heavy metal/ferromagnet/oxide structures, along
with the spin Hall effect [1,2]. Electric-field control of the Rashba effect is established for
semiconductor interfaces [3], but it is challenging in structures involving metals owing to the
screening effect. Here, we report that the Rashba effect in Pt/Co/AlO, structures is laterally
modulated by electric voltages, generating out-of-plane SOTs. This enables field-free switching of
the perpendicular magnetization and electrical control of the switching polarity. Changing the gate
oxide reverses the sign of out-of-plane SOT while maintaining the same sign of voltage-controlled
magnetic anisotropy, which confirms the Rashba effect at the Co/oxide interface is a key ingredient
of the electric—field modulation. The electrical control of SOT switching polarity in a reversible
and non-volatile manner can be utilized for programmable logic operations in spintronic logic—in—
memory devices.
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The tunability of material properties is one of the fascinating and powerful advantages of quantum
effects in nanoscale. In disordered two-dimensional system, weak antilocalization (WAL) appears
due to the wave nature of electrons since interference effects double the classical probability
for self-crossing paths and it slightly suppresses the conductance [1]. The observation of WAL
effects requires the decrease of the classical signal by reducing the film thickness or the grain
size. Furthermore, in the presence of strong spin-orbit coupling, the enhanced effect of WAL can be
expected.

In this work, we have investigated magnetoresistance at different temperatures for the Co-dusted
well-ordered layers grown on unetched silicon wafers. Co deposition ranging from 0.1 to 2 nm thick
was performed at room temperature using the UHV-MBE deposition technique. The Pt Hall bars were also
prepared simultaneously in order to study transport properties. We observed the enhanced WAL effect
at low temperature as Co thickness decreases down to 0.1 nm.
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Magnetization manipulation by a Spin Orbit Torque(SOT) phenomena has intense focus on the efficient
operation of spintronic devices at extremely lower power. Recent theoretical paper suggested W.Ta
layer as one of candidate for heavy metal (HM)/ ferromagnet (FM) / Oxide (0) hetero-structure
because of its large spin hall angle in Al5 phase materials such as Tungsten(W). We address the SOT
efficiency of Al5 phase W,Ta layer by RF sputtering approach. The growth key parameters adjusted in
our work, such as RF power, working pressure and annealing temperature and roughness. We confirmed
the conditions for Al5 phase structure and measured W.Ta Al5 phase by XRD measurement, as shown in
fig 1. To figure out spin orbit torque efficiency depend on crystal structure, we analyzed in-plane
external magnetic field with DC and AC method to identify spin orbit torque-driven effective fields
and confirmed improved spin orbit torque efficiency in W3Ta based heterostructure.
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Fig. 1. W;Ta XRD data

- 157 -



O-1I-8

Manipulation of spin—orbit torque in HM/FM/Oxide frame
by external gate voltage

Jeonghun Shin1*, Jeongwoo Seoz, Jungyup Yang3, Jinpyo Hong"2

'Division of Nano-scale Semiconductor Engineering and Physics
Hanyang University, Seoul 133-791, South Korea
Department of physics, Hanyang University, Seoul 133-791, South Korea
*Department of physics, Kunsan national University, South Korea 54150

Intentional manipulation of Spin-Orbit Torque (SOT) efficiency and its devices inevitably requires
precise adjustment of heavy metal layer in a Heavy Metal (HM)/Ferromagnet Metal (FM)/oxide frame.
The Rashba effect and SHE effect are mentioned as the origin of SOT. If find a parameter that can
be control both effects, we search a way to control the SOT. One approach developed up to now is
the possible displacement of the domain walls which are highly dependent on the angle between the
direction of the current and domain wall motion, and asymmetric and nonlinear with respect to the
current polarity. The other approach is the choice of other HM layer, topological insulator, or
antiferromagnet/ferromagnet to provide the advancing SOT features. Here We present a parameter that
could control the Rashba effect and SOT efficiency by external bias on the HM/FM/Oxide structure.
PMA and Oxide characteristic and HK of FM are unchanged by external gate bias.
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In nature, diverse two—dimensional (2D) systems show stripe domain patterns of order parameters.
The shape of stripe domain patterns in diverse physical systems have resembling forms, indicating
a universal mechanism for forming the stripe domain patterns, which is the competing interaction
between short— and long-range interactions in a two-fold symmetric potential. In particular, the
magnetic stripe domain pattern with the Dzyaloshinskii-Moriya interaction (DMI) is an important
1ssue due to 1ts close connection to generation of magnetic skyrmions. Therefore, it can be
required to understand how the specific form of a stripe domain is determined under diverse material
parameters and environments. Here, we establish a reliable model for a stripe domain width change
under a hard-axis magnetic field in a perpendicular magnetic anisotropy (PMA) system with DMI. The
presence of hard-axis magnetic fields modulates the three critical parameters for stripe domain
formation, which are a two-fold symmetric potential, short- and long-range interaction. The
proposed model was confirmed to be well-matched with experimental results for various PMA samples of
W/Co,FeB,/MgO stacks. In addition, all curves of the stripe width under various hard-axis magnetic
fields collapse into one single universal curve. Based on the universal curve, we derive a reliable
approach to determine the DMI energy and a domain wall type.
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We have discovered magnetic-field-induced electric polarization that is closely associated with
the p-d hybridization mechanism in CuCrP,S;. We have observed that the electric polarization (P)
occurs below antiferromagnetic ordering temperature, Ty = 32 K, and is modulated by magnetic feld
(H) while it is suppressed with the spin—flop transition located around 6.1 T. Furthermore, we could
quantitatively explain the P-H curve with the symmetry analysis based on the Pc space group. The
microscopic origin of the magnetoelectric coupling is a so-called spin direction-dependent p-d
hybridization mechanism within the off-centered Cr* octahedral sites. It is further corroborated
by the observation of vanishing electric polarization in the CuCrP,Se; compound in which Cr¥ is
positioned at the octahedral center, supporting that the off-centered cation plays an important
role in the magnetoelectric coupling. Our results thus point to one general route to induce

magnetoelectric coupling in 2D layered materials, i.e., via the off-centered cation.
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Physical Properties of Rare—Earth f—electron Systems:
Past and Present

Byung Il Min’

Department of physics, POSTECH, Korea

In the beginning, pioneers and achievements in the field of physics of magnetism in Korea are

introduced. Then the interesting physical properties of rare-earth f-electron systems in the past
and at present are briefly surveyed, which include permanent magnets, Kondo behavior, heavy fermion,

mixed-Valence, and topological Kondo insulator. Our recent studies on Ce and Sm compounds are also

presented.

Fig. 1. Multiple topological Dirac cones
in a mixed-valent Kondo semimetal: g-SmS
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MTG (Magnetism Theory Group) of Prof. B. I. Min at
POSTECH

and related academic genealogy

Young—Rok Jang', Kicheon Kang?®

'Department of Physics, Incheon National University, Incheon 22012, Korea
Department of Physics, Chonnam National University, Gwangju 61186, Korea

2021 2¢¥ AWEQ gAel M w4 1987\ POSTECH &) dhafe] Folgk o] Ayt 34\d HoF 21
Heo] WAL wEsty A ol & Foke] wSI AFoA] B2 7]oE St 7F dAES ALk
Ao AAPH =iwE5S TAEA Ul A olE Fokoll 7od HdAHES AHE, ek 19 &
A AlEe} AdE EFEAEA diEiA bdSskA gt 1] AX A A Eage 3ol (A ed)
ole], A&y SHEA AR Joseph Callaway (Louisiana State University), Eugene Wigner (Princeton
University), Michael Polanyi (TU Berlin) S92 AL Lizith, 19 ¥ T A Ew 52 Arthur J.
Freeman (Northwestern University)l®], 3% &4 A KW= John Clarke Slater (MIT), Percy Williams
Bridgman (Harvard University), Wallace Clement Sabine (Harvard University) %Ei A&e 27,
217} POSTECHON A A =3lwl vkalaA] &FA8 217 = 7942 Many-body theory, 14" 2 Electronic structure
theory o2 7% 4 vt. HAF 217 9]01]: (“*]—9} WALE B A =g 3“@ E2 AlQlstar) AAF 4
HS wiEston, A AP e Ad Tl 69 T 482 Ecloldrt. 18] =iE AlEAA 719
s AR FASY AT FA WIE AR, 01748 vt o ® siA =] A o] & Eope] A
Wake| AANE T AMYES AAStaA; g,

N. Bowditch  ((773-188)
Mathematician & Ship's captain
Founder 0of modewn navi gatim

B. Peirce (1§99 - 880) Hovard
"""""" Mathematt ctan
Howara ((838) J. Lovering Charles S. Peirce
Meath & Natural PmLosofm
phiLuSnPhy

The foumdon of ”Prqjmntl\sm”
J. Trowbridge

l

W. C. Sabine pcoustics

\’

N X D
High-pressure P \W_Bridgman

N. Bohr @ A. Einstein @
/ N H. Kramers
® . van Vieck J. C. Slater 4 EPR
*P W. Anderson A ) Freeman W. Shockley® ~ N. Rosen
Thomas Kuhn J/
B. I. Min
2/ TANDY

Fig. 1. Academic genealogy of Prof. B. I. Min
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Valley magnetic domain: A new pathway to valleytronics

J.D. Lee

Department of Emerging Materials Science, DGIST, Daegu 42988, Korea

In the electron-doped monolayer (1L-) MoS,, an applied strain leads to the unbalanced Berry
curvatures centered at K and -K points and eventually the valley magnetization under an external
electric field. This is shown to develop a novel concept of the valley magnetic domain (VMD), i.e.,
a real-space homogeneous distribution of the valley magnetization. A realization of VMD guarantees
a sufficient number of stable valley-polarized carriers, one of the most essential prerequisites of
the valleytronics. Further, we discover the anomalous electron dynamics through the VMD activation
and achieve a manipulation of the anomalous transverse current with the uniaxial strain as a control
parameter, directly accessible to the signal processing. The bilayer (2L-) MoS, has vanishing Berry
curvatures at both K and Kr valleys due to the inversion symmetry. When a vertical electric field is
applied to 2L-MoS,, however, conduction bands are split due to a potential difference and become to
restore the valley-selective Berry curvatures. In contrast to the uniaxial strain in 1L-MoS,, the
vertical electric field can be employed as a control parameter to bring about the VMD activation
and the anomalous transverse current in 2L-MoS,. This suggests a concept of VMD to provide a new
physical insight to the valleytronic functionality and its manipulation to be a key ingredient of
potential device applications
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Time—dependent density functional theory calculations
of spin—phonon dynamics and band topology of two—
dimensional materials

Noejung Park*, Mahmut Okyay, Bum Seop Kim

Department of Physics, UNIST, 44919, Ulsan, Korea

Topological states have commonly been cited as a new classification of materials, and global
properties immune to local perturbations have been suggested in terms of topological invariants or
associated quantities. For real materials, actual computations for them have been achieved through
the theories of linear responses over the static ground electronic structure. In this talk, I first
summarize our proposal for alternative ways of computation: calculating the real-time evolution
of the Hamiltonian, letting the pumping parameter run periodically through the geometric space of
the Hamiltonian. As test examples of this method, we present a trivial insulator, a spin-frozen
valley-Hall system, a spin—-frozen Haldane—Chern insulator, and a quantum spin-Hall insulators. In
later part, we also demonstrate the spin precession dynamics of MoS,, in which the spin is strongly
coupled to the optical phonon. This dynamical spin state can be resolved into discrete Floquet-—
phononic spectra, and once the phonon is pumped so as to break time-reversal symmetry, the resulting

spin-Floquet structures induce net out-of-plane magnetizations in the otherwise non-magnetic 2D
material.
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Towards Rare—Earth and Rare—Earth—Free Permanent
Magnets Desighed Using First—Principles

Dorj Odkhuu', T. Ochirkhuyag', D. Tuvshin', T. Tsevelmaa®, S. C. Hong?

"Department of Physics, Incheon National University, South Korea
’Department of Physics, University of Ulsan, South Korea

Permanent magnets are vital for future energy conversion and storage sectors such as electric
vehicles, bullet trains, wind turbines, satellites, and to list a few. In order for permanent
magnets to achieve large energy density product (BH,,), magnetic materials with high saturation
magnetization (M,) and high uniaxial magnetic anisotropy (K,) are essential. Not only those but
also good thermal stability and high Curie temperature (T.) are required to fulfill for practical
applications. Furthermore, reducing the cost to produce the materials is also required. Optimization
of the properties is so difficult that a new high performance permanent magnet is not realized yet
since discovery of Nd-Fe-B magnets even though some materials such as RFe;;, R(Fe,M);,, L1, Mn-based
alloys etc. Here R stands for rare—earth elements and M does for transition metals.

In this talk, first we will present what physical properties we should calculate by reviewing
magnetic properties of a permanent magnet. Next, we will discuss our recent computational results
of Sm(FeCo),,, FeCo, FeNi, and some Mn-based alloys. Finally, we hope to suggest the way how to have
a new optimal permanent magnet using first—principles design.

Supported by Future Materials Discovery Program (2016M3D1A1027831) through NRF funded by the Korea
government (MSIT) and by the Korea Institute of Energy Technology Evaluation and Planning (KETEP)
grant funded by the Korea government (MOTIE) (20192010106850, Development of magnetic materials for
IE4 class motor).
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Discovery of van der Waals magnets and beyond

Je—Geun Park?

!Center for Quantum Materials, Seoul National University, Korea
Department of Physics and Astronomy, Seoul National University, Korea

The discovery of graphene in 2004 took the scientific community by surprise and virtually
transformed the research landscape of materials science and engineering by creating a then-new
field of 2d materials. However, despite the unique properties of many van der Waals materials since
discovered, it has certain limitations in exploring novel and new physical properties. Magnetism is
a case 1n point.

Until I and a couple of other groups started to work on the much-neglected magnetic van der Waals
materials, virtually nothing was known about it. However, with a series of publications, including
those from my group [1-8], this field of magnetic van der Waals materials has become a fast emerging
field in materials science. In this presentation, I would like to take you through the intellectual
journey I made since 2010 and eventually discovering a novel quantum spin—entangled exciton NiPS,
more recently [8]. I will end my talk by giving a personal view of the prospects for future
research.
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ARPES study of a Multifold Fermionic Semimetal PdSb2

Woo—Ri Ju', Jinwon Jeong', En=Jin Cho', Han=Jin Noh", Kyoo Kim? Byeong—Gyu Park®

'Dep. Of Physics, Chonnam National University, Gwangju, Korea
Korea Atomic Energy Research Institute, Daejeon, Korea
3Pohang Accelerator Laboratory, Pohang University of Science & Technology, Pohang, Korea

The experimental confirmation of the Dirac/Weyl fermions in topological semimetals invokes
parallelism between particle physics and condensed matter physics. However, condensed matter
physics has higher degrees of freedom because i1t is not limited by the Poincare symmetry. Type-
[T Dirac/Weyl fermions are the first example that shows such degrees of freedom. Recently, another
type of unconventional quasiparticles that shows the flexibility has been proposed in several
groups of materials, named multifold fermions. Multifold fermions are also called unconventional
quasiparticles with a large Chern number, which have no high-energy counterpart. They are not only
conceptually interesting, but also expected to have intriguing physical properties due to their
topologically non-trivial nature. In this talk, we will present our recent ARPES data to confirm the

multifold fermions in a semimetal PdSbh2.
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Textured Spin Singlets in an infinite layered nickelate

Kwan—-Woo Lee’
Division of Display and Semiconductor Physics, Korea University, Sejong
Department of Applied Physics, Graduate School, Korea University, Sejong

Layered nickelates, pursued for three decades because of their similarity to high superconducting
T. cuprates, have received a strong boost from the discovery of superconductivity in strained
nickelate thin films. Using correlated density functional methods, we study a new and highly unusual
new nickelate, synthesized under pressure and with a strongly strained NiO, plane of “infinite
layer” structure. It is, according to the experimental paper, a unique d* Ni** ion showing magnetic
behavior, although the peculiar susceptibility is unexplained. The susceptibility shows no evidence
of a magnetic moment (no Curie-Weiss term), but a peak at 130K before return to the previous value,
that has no obvious explanation.

The overriding features we find are (1) magnetic Ni but violation of Hund's rule, which is a
rare occurrence, (2) unconventional spin-orbital polarization, leading to an unprecedented “off-
diagonal singlet'' (ODS) with textured magnetic internal structure of compensating d(x-y’) up spins
with d(z*) down spins, but vanishing net spin. (3) We provide a minimal spin model for this system,
which we propose to have a new type of phase transition. Finally, (4) we suggest that electron
doping toward the d’ regime will produce new phenomena (due to the singlet nature) and perhaps
superconductivity. We anticipate that this work will stimulate many new investigations of this
nickelate and related systems.

Acknowledgements
These researches were collaborated with Hyo-Sun Jin and W. E. Pickett. This research was supported by NRF

of Korea Grants NRF-2019R1A2C1009588.
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Electromagnetic Force and Vibration Analysis of Outer
Rotor Surface—Mounted Permanent Magnet Synchronous
Motor

Jae—Hyun Kim', Soo—Hwan Park', Min—Ro Park’®, Soo—Gyung Lee',
Kyoung—Soo Cha', Myung—Seop Lim'

'Department of Automotive Engineering, Hanyang University, Seoul, Korea
’Interactive Robotics R&D Division, Korea Institute of Robotics & Technology Convergence,
Pohang, Korea
*Corresponding author: myungseop@hanyang.ac.kr

Since electric motors with outer rotor have advantages such as higher torque density and less
joule loss compared to electric motors with internal rotor, electric motors with outer rotor are
widely used for various applications. The noise of the electric motor with outer rotor is one of the
most important performance indicators especially when it is used for home appliances. Generally,
the noise of the electric motor caused by the radial electromagnetic force acting on the outer part
of the electric motor. As shown in Fig. 1, in the case of the electric motor with internal rotor,
the radial force acts on the stator, which is a fixed part. On the other hand, in the case of the
electric motor with outer rotor, since the radial force acts on the rotary part, the relative speed
of the radial electromagnetic force and the rotor should be considered.

Therefore, in this paper, the frequency and spatial harmonic order of the radial electromagnetic
force acting on the rotor of electric motor with outer rotor are analytically derived. The sources
of the radial electromagnetic force are analytically derived by dividing it into permanent magnet (PM)
magneto—motive force (MMF), armature reaction MMF, and slot effects. The frequency and the spatial
harmonic order of the radial electromagnetic force acting on the rotor are summarized in Table I.
Noise test of the prototype was conducted to validate the analytically derived results as shown in
Fig. 2. The prototype is 48 pole 36 slot electric motor with outer rotor for direct drive system.
The frequency of the radial electromagnetic force acting on the rotor is generated as multiple of
1.5f, as can be derived from Table I. This result corresponds well with the noise test result as
shown in Fig. 2. (b).
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Fig. 1. Configuration of radial force in inner rotor and outer
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Table I. Frequency and spatial harmonic
order of radial force

*Corresponding author: myungseop@hanyang.ac.kr

- 174 -

oscilloscope

rotor

Sound pressure level (dBA)

0 1000 2000 3000 4000 5000
Frequency (Hz)

(b)

(@
Fig. 2. Noise test setup and results.
(@) Noise test setup. (b) Noise test results.



%S-V-2

11 2 =2 1*
zag’, 25, o2s’, UMY

'Hoseo University, Korea
Kookmin University, Korea

2 ErdAE 2R FEdeE ALHE Ui
Magnet Synchronous Motor, SPMSM)®] Ea¥ % 42
gt EAES fandAS Fl v HES I, HE
Al A7l gk e g ASslt.

T 24A] 7] A% 7] (Surface-Mounted Permanent
st AA BAGE AAE e, A 2] ek
Aoz Ay A7 2de HF HrhE S A

NE R a7 =4
3 +/8% % 20/24 20/18
HTXEA Br [T] 1.0 14 - sA 2=
YRRt EHY 2 NOHE 1 = =8 =
YA 2] [mm3)] 160038 1066.87 e pra
Y MF [mm] 05 07 z //
sy Y H S 114 132 3 //
A YA 54 ay
HH 32 5 4 2 o /
DHA MBS 20| (mm] | 7 @ITA12) 7 )y
Q& MOt [vdc] 48 0 K : 10 12.45 13.58 45
HZ £ [rpm] 3500 Qraxis Curront [ Agyy
#1712 % 2A 22 A4 S M dg 1.7l W 27 R HRE 5 E3

- 175 -



%S-V-3

1SO 25745-10 4= ol ~ZAdolE o] dd Ao el A dar, IS0 25745-30 4= oA ¢
W 2 gy A] el dis %ﬂé}ﬂ E‘r ol ~AdgolEe] Ae FAHS aMeE A4 F A AF
o Al F Aol AUAIMHE dAste] F dHE S5k, HE AY AdAHANA BRx 89S
stoh, A= S92 oA olge F el wel ZH2t S = ojof =, 477 A% 3
A HEE A zEinke] AEje] Aol FAHH I, FAFEH A S0l AAHH AT o R AAEE 23
o A ApE/dEY Aol ST, Eg S A @ AHoE JhEele dHECA ASAE ] Iy
o] A, A& HA R FHSLEAA FHREPFEH ] dyo] SA AT, olF2A SA4E dge 1S0
25745-19]) A xﬂ*loh TAZE2IAE AEato] FHRIFH A A 1Y F dUAE FAHAT 5 Ak, F3)
skl digk 1d HM]LM > [SO 25745-30| A1 A|A8l= 415 o] &3, %’—%ﬂ—o}“ﬂu 14 FAd
Uz et Falatgoel tigh 19 FHoUAE dalo] i 011*74'»’110134 19 2oy & F48 5 )
9 IS0 25745-30l| A1 A|A| St HF-ghelsol gk 1Y AujdyA 4L 1Y &7 ’“9} ol A #
01, npE Ao ol e olE AlAE a8 Lﬁi} %}04 V| EN e = S = L °ﬂL1?<H FAe dofx
g 7HE 4 Rl Siu} 2 ERoAE olggt 2AE Fol7] sl ol ~ZAdelH ] FalHHS v
o dqUAlE FAAT. 4t d=ZAdolHoA EE -% o]-gsto] HFslets HWE AH|AUAE S
stAdTt. Felatzel digh avjayAS AP Hbste] 19 Fatade] A &3kqitt. ol& Fsl Alztdd
v e 8 Abgeta, e 2 e 139 Feteke S &236}912% 2R ARE o]l &3ste] 1909
Stz MU AE FAS AT, 30T T4 79 109 Feste duAE ndste] 19 s/
o %) QAN E vluste] eakE gls .

é“.: e 2,
=2 o X X

E

XY

shelet. 150 4% AAE el

2. 0II*5‘*EII0IE1 H‘TEH =8

3.12 FopHE O LA A-H|ZF A o

R e L L LN
_230—-—0 T o+ «19% FEEkE Ay A L6 F

AZHEY A LT RHIT « MZHIH TR O LN 2 UITN R, y i |
/ ’
- r
e {
L §
e

ot Folots oA X| aHE =F 7HE

- 176 -



*S-V-4

A Design of Halbach Cylinder Shape Sintered Nd—Fe—B
Magnets for Servo Motors
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A Study on the Electromagnetic Field Design of BLDC
Motor
For Electric Outboard Propulsion

Ho—Joon Lee’, Jae—Sung Woo, Dong—Hyun Kim
Converged Electronic Engineering, Cheongju University, Korea

Abstracts All of the outboard units of small ships in use in domestic depend on imports, and most
of them are obsolete and the need for repairs is increasing. In addition, the supply and demand
of replacement parts i1s difficult, and additional cost and time are required, so the development
of high-power motors for electric outboard motors is essentially needed. Therefore, this paper
manufactured a prototype through a study to improve the power density of a 4HP-class electric
outboard BLDC motor, and verified its performance through a test.

Table. 1. Performance Comparison of BLDC Motor Models

Parameter Outer Rotor#1 Outer Rotor#1 Inner Rotor Final Model

DC Link Voltage 323 26 34 27
Average Torque [Nm] 9.30 8.86 8.68 8.59
Core Loss [W] 38.76 122.35 89.44 311
Eddy Current Loss [W] 152.03 129.64 154.13 52.94
Copper Loss [W] 141.37 37.0 52.89 48.63

Winding Resistance [ohm] 0.004876 0.001085 0.00481 0.004969
Efficiency [%] 89.7 90.5 90.2 95.3
Current Density [A/mm?2] 12.22 428 5.96 3.77

Test Informagion

/ e oy e

i v e YRR

. 0 I AW e WY
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Fig. 1. Prototype of BLDC motor for Electric Outboard Prdpulsion
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Torgue Improvement Design of Interior Permanent
Magnet Synchronous Motor considering Saturation of
Rotor Core

Myung—Hwan Yoon*, Ki—Deok Lee, Se—Hyun Rhyu, Jeong—Jong Lee

Intelligent Mechatronics Research Center, Korea Electronics Technology Institute, Korea,
yoonmh@keti.re. kr

Synchronous motors applying interior permanent magnet have many merits such as high torque
density, efficiency and a wide speed range which is very important issue. Therefore, the IPMSM
motors are used in various field for example cars, military, and home application. However, there
1s a problem of the IPMSM which is torque ripple. The torque ripple is necessary to be reduced
to the zero because the torque ripple affect vibration and acoustic noise. The total resultant
instantaneous torque is composed of three components which are magnetic torque, reluctance torque
and cogging torque. The magnetic torque is generated by interaction of the permanent magnet, or
rotor field, and the armature which may be the stator part. However, the reluctance torque 1is
occurred by the variation of self-inductance of the phase windings which are affected by unequal
permeances of the d-axis and g-axis. Final one is the cogging torque which is generated by the
interaction of permanent magnet and stator slots. Therefore, there can be three reasons for the
torque ripple which are the non-sinusoidal flux density distribution around the air gap, reluctance
torque and cogging torque. Many methods are tried to reduce torque ripple and there are two
concepts. One is the point view of design side and the other one is the control. This paper suggests
the design method of designing the saturation of rotor core to make the flux distribution around the
air gap more sinusoidal. This method is helpful to reduce torque ripple and increase the average
torque at the same time. The optimized model of using this method is obtained by response surface
method which is presented in Fig. 1. The shape of original model of rotor core and the improved
model is shown in Fig.2.

Fig. 1. Setting of Response Surface Methodology

TS TS

Fig. 2. Shape of Rotor Core (a) Original Model (b) Improved Model
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Rotor Design of Ultra—high—speed Motor for Electric
Turbo Charger Considering Mechanical Stiffness

Sung—Hyeok WiT, Soo—Gyung Lee, Jun—Yeol Ryu, Sung—Woo Hwang, Soo—Hwan Park,
Myung—Seop Lim

Department of Automotive Engineering, Hanyang University, Seoul, Korea
*Corresponding author: myungseop@hanyang.ac.kr

Recently, turbo chargers have been used to improved efficiency and power of the powertrain. The
turbo chargers increase the charging efficiency of the mixed gas by driving the turbine using exhaust
energy. However, turbo lag can occur due to small exhaust energy when engine speed is low. To reduce
the turbo lag, ultra-high-speed motor is necessary to drive the turbine at low speed of the engine.
As a result, research on ultra-high-speed motors for turbochargers has been studied. As the ultra-
high-speed motor is driving at much high speed than the other motors, the rotor is affected by high
centrifugal force due to its high speed. Therefore, to analyze which part of the rotor is fragile at
high speed is important. For this purpose, the stress on each part of the rotor should be analyzed
when designing the ultra-high-speed motor. The stress can be calculated by finite element method but
1t 1s inefficient because it requires much time to compute the partial differential equations. Thus,
it is better to use the analtic method for calculating the stress of the rotor. Since the rotor
shape of the ultra-high-speed motor has a simple shape, such as Fig. 1., the stress analysis 1is
carried out using an analytical method.

In this paper, we designed the ultra-high-speed motor that satisfy mechanical stiffness and
electromagnetic performance in consideration of design specifications. Analytical methods are used to
select the rotor outer diameter range. The design process is as shown Fig. 2. Finally, proceed with
verification of the mechanical stiffness and electromagnetic performance. Fig. 3. shows the results
of the verification of mechanical stiffness by using FEM. The torque that satisfies the target 1is
shown in the Fig. 4.
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Thermoelectric energy conversion utilizing spin degree
of freedom

Hyungyu Jin (XI87F)

Department of Mechanical Engineering, Pohang University of Science and Technology
(POSTECH), Pohang, South Korea

The burgeoning field of spin-caloritronics studies interaction between electron spin and heat,
and has led to the discovery of various novel phenomena such as spin-Seebeck effect, spin—Peltier
effect, etc. In a broader context, the research field encompasses other spin-dependent thermomagnetic
effects such as anomalous Nernst effect, anomalous thermal Hall effect, etc. Among those, the spin-
Seebeck effect (SSE) and anomalous Nernst effect (ANE) have drawn particular interest due to their
potential as a new solid-state heat-to—electricity conversion mechanism. In the SSE, a temperature
gradient on a spin-polarized material creates a spin current that is driven into an adjacent
material (Pt). There, the injected spin current is converted into a transverse electric field by
the inverse spin-Hall effect via spin-orbit interactions. On the other hand, the ANE utilizes
various skew scattering mechanisms of spin polarized electrons, which lead to a transverse electric
field perpendicular to both of the applied temperature gradient and magnetization directions. A
thermoelectric device based on SSE or ANE could have several advantages over that based on the
conventional charge Seebeck effect. In this talk, a general introduction to SSE and ANE as well
as our relevant research directions will be given, through which we show that the spin degree of
freedom 1s emerging as a new design tool that adds to thermoelectrics research.
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Coercivity improvement of Nd—Cu infilirated Nd—Fe—B
hot—deformed magnets by microstructure modification
of initial HDDR powders

Jae—Gyeong Yoo"?, Hee—Ryoung Cha', Tae—Hoon Kim', Yang—Do Kim?", Jung—Goo Lee'’

'Powder &Ceramics Division, Korea Institute of Materials Science, Changwon, Korea
’Department of Materials Science and Engineering, Pusan National University, Busan, Korea

The hot-deformed Nd-Fe-B magnets produced from ultra—fine grained melt-spun (~50nm) or HDDR (~300nm)
powders have a great potential to obtain high coercivity and better temperature dependence of
coercivity without using heavy rare earth elements. However, the hot-deformed magnets still have
lower coercivity than that expected from their intrinsic properties because of high concentration
of ferromagnetic Fe and Co in the Nd-rich intergranular phase. In order to reduce Fe and Co
concentration in the intergranular phase, infiltration process using low melting non-ferromagnetic
material such as Nd-Cu, Pr—Cu, or Nd-Al is necessary. However, in the case of hot-deformed magnets
produced from the melt-spun ribbons, there is a limit to the increase of infiltration depth because
the infiltration temperature is restricted below 700° C. An abnormal grain growth occurred during
the infiltration above 700C due to very fine nature of grains in the magnets fabricated using the
melt—spun ribbons as an initial powder. If the HDDR powders, which have much bigger grains than
melt-spun ribbons, are used as an initial alloy, such a rapid grain growth during the infiltration
would be prevented. Then we can expect that the infiltration temperature could be increased thereby
increasing the infiltration depth. The microstructure and chemistry of intergranular phases in the
initial alloys i1s also very important to leads the formation of non-ferromagnetic intergranular
phases in the final Nd-Fe-B hot-deformed magnets. In order to investigate the dependence of the
microstructure of the Nd-rich intergranular phases and the infiltration behavior of hot-deformed
magnets on the microstructure of initial powders, in this study, we fabricated the hot-deformed
magnets using 2 kinds of HDDR powders having different microstructure, i.e., un—-treated HDDR
powders(SC_HDDR) and annealed HDDR powders(SC_PA_HDDR). Then, the hot-deformed magnets made from
different initial HDDR powder were subjected to infiltration using NdHx—Cu. The microstructure and
magnetic properties of hot-deformed and subsequently infiltrated magnets were analyzed by FE-SEM and
VSM. For the characterization of elemental distribution in the hot-deformed magnets, field emission
transmission electron microscopy, FE-TEM was used. As an interesting result, the coercivity of hot-
deformed magnet produced from annealed HDDR powders increased more than that of produced from un-
treated HDDR powder after infiltration process. Especially, the large coercivity increment of hot-
deformed magnet using annealed HDDR powders approximately 8 kOe was achieved after 6 wt%. Nd-Cu
infiltration at 800C for 1h.
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Fig. 1. The coercivity increment as a function of
diffused Nd-Cu contents.
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Coercivity enhancement of (Nd, M)—Fe—B hot—
deformed magnet
by post—annealing freatment

Ga-Yeong Kim"?, Hee—Ryoung Cha', Tae—Hoon Kim', Dong—Hwan Kim®, Yang—Do Kim?,
Jung—Goo Lee'’

'Powder&Ceramics Division, Korea Institute of Materials Science, Changwon, Korea
Department of Materials Science and Engineering, Pusan National University, Busan, Korea
’Research Center of SG Tech., Star Group Ind. Co., Daegu, Korea

Nd-Fe-B magnets are technologically important for the applications in the electric motors,
acoustics devices and hybrid vehicle. In general, 30-33 wt.% of rare earth elements are consumed
to produce Nd-Fe-B magnets. Especially, heavy rare—earth (HRE) elements such as Dy or Tb have been
added to achieve high coercivity despite their high price. Therefore, developing high coercivity
Nd-Fe-B permanent magnets without HRE elements have drawn a great deal of attention. However, Nd
element is also less abundant in the natural rare earth resources compared to other light rare-
earth (LRE) elements such as Ce and La which is the most abundant and cheapest rare earth elements.
However, the magnetic properties of Nd-Fe-B magnets could be drastically deteriorated after
replacing Nd with Ce and La due to inferior intrinsic magnetic properties of CeJfe, B (4mM = 11.7
kG, Ha = 26 kOe) and LaFe,B (4mM = 13.8 kG, Ha = 20 kOe) compared to Nd,Fe, B (4xM = 16 kG, Ha =
73 kOe) .

It is well known that the modification of the microstructure by post—annealing is the most
effective way to improve the coercivity of Nd-Fe-B magnets without degradation of their remanence.
For the Nd-Fe-B sintered magnet, post-sinter annealing process is performed at a temperature ranging
from 773 K to 873 K in order to improve Nd-rich grain boundary phase for high coercivity. However,
although many studies have reported on the role of intergranular phases on the coercivity, the
annealing effects of Nd-Fe-B hot-deformed magnet have not been well understood. The hot-deformed
magnet 1s subjected to high stress during process. Therefore, it is expected that considerable
residual stress caused during hot-deformation process, exists in the hot-deformed magnet. In our
previous study, the coercivity of Nd-Fe-B hot-deformed magnet was increased about 2.4 kOe by post-
annealing at 873 K, which was attributed to that residual stress or defects caused during hot
deformation have been removed after post—-annealing.

In this study, post—annealing effects on the magnetic properties and microstructure of (Nd, M)-
Fe-B hot-deformed magnets, were investigated. Initial ribbons with the nominal compositions of
(Nd - M) 15 6FepaBs 6Gag Cos ¢ (x=0, x=0.2/M=Ce, x=0.3/M=Ce and x=0.3/M=CetLa, wt.%, named as ND, CEO.2,
CE0.3 and CELAO.3, respectively) were prepared by melt-spinning technique and then pulverized into
powders. The powders were hot-pressed at 973 K under 100 MPa and then subjected to die-upsetting
at 973 K with a deformation rate of ¢ = 0.1 s'. From SEM and TEM observation, it was confirmed
that the RE-rich phase distribution along grain-boundaries is quite different. The triple junction
phase increased when increasing the content of Ce and La substituted for Nd. Especially, the grain
boundary phase of CELAO.3 magnet was quite indistinct in almost grain boundary area. The post-
annealing effect was different depending on the substitution elements. The post-annealing effect
was highest in CELAO.3 magnet at 973K. After post—annealing at 973 K, the coercivity was largely
enhanced about 3.4 kOe in CELAO.3 magnet. Based upon these results, the post—annealing effects on
coercivity and microstructure of (Nd, M)-Fe-B hot-deformed magnets will be discussed.
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Phase transformation and magnetic properties of
Sm(Fe, ;C0,,);;Ti bulk magnets

Hui-Dong Qian"?, Jung Tae Lim', Yang Yang'?, Jong—Woo Kim', Su Yeon Ahn',
Hankuk—Jeon', Tian Hong Zhou', Kyung Mox Cho?, Jihoon Park”, Chul=Jin Choi'’

! Powder & Ceramic Division, Korea Institute of Materials Science, Changwon, Gyeongnam, 51508, South Korea
% School of Materials Science and Engineering, Pusan National University, Busan, 46241, South Korea

As early as the 1980s, Fe-rich compounds with a ferromagnetic tetragonal ThMn,,~type structure were
known to be a promising hard magnetic materials [1]. However, owing to the rapid development of Nd-Fe-B
permanent magnets with large magnetic moments and strong anisotropies, ThMn,,~type Fe-rich compounds
were not given enough attention at that time. Recently, ThMn,-type Sm(Fe,,Co,),, compound films with
a saturation magnetization (M,) of 1.78 T, an anisotropy field of 12 T, and a Curie temperature (T.)
of 586 ° C, all of which are superior to those for Nd,Fe,B [2], were successfully produced. However,
the coercivity (H.) of the Sm(Fe,_Co,), film is as small as that of soft magnetic materials according
to the magnetic hysteresis loops shown in Ref. 2. In addition, phase decomposition and grain growth
during sintering and high-pressure compaction degrade the magnetic properties of bulk samples. So,
we still need to develop a stable process to prepare bulk magnet for production. In this work, we
have developed a process to prepare a fully dense(>99%) Sm(Fe, «Co,.);;T1 bulk magnet.

High density sintered Sm(Fe,¢Co,5);;Ti bulk magnets were successfully produced using a newly
developed high pressure pressing fabrication method. Amorphous Sm(Fe, (Co,.),;Ti ribbons were prepared
by arc—melting raw material pieces and melt-spinning. The melt-spun ribbons were ground and pressed
to produce green bodies, and the green bodies were annealed at 800°C for various times ranging from
10 to 20 min, followed by quenching as shown in Fig. 1. The purity of the hard magnetic ThMn,, phase
in the bulk magnet reached to higher than 97 wt.%. The phase transformation behavior from amorphous
to ThMn,, phase during heat treatment was systematically investigated by transmission electron
microscopy. The remanent magnetization and maximum energy product of a bulk magnet were 96.0 emu/g
and 12.22 MGOe, respectively.
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Fig. 1. Magnetic hysteresis loops of Sm(Fe,3C0y,)1;Ti bulk magnets
References
[1]G.C. Hadjipanayis, A.M. Gabay, A.M. Schonhobel, A. Martin-Cid, J.M. Barandiaran, D. Niarchos, Engineering
6 (2020) 141-147.

[2] Y. Hirayama, Y.K. Takahashi, S. Hirosawa, K. Hono, Scr. Mater. 135 (2017) 62-65.
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First—Principles Study of Magnetic Properties of MnBi with
Bi—site Substitutes

Dorjsuren Tuvshin”, Tumentsereg Ochirkhuyag', Soon Cheol Hong®', Dorj Odkhuu"’

'Department of Physics, Incheon National University, Incheon 22012, South Korea
Department of Physics, University of Ulsan, Ulsan 44610, South Korea
‘schong@ulsan.ac.kr, "'odkhuu@inu.ac.kr

Due to today’ s huge demand of many applications including motors of an electric vehicle, high-
speed bullet trains, satellites and sustainability difficulty of the rare-earth (RE) elements, there
have been intensive research interests recently centered at rare—earth free permanent magnetic
materials and various methods to improve their uniaxial magnetic anisotropy (K,) to at least half
of the RE included magnets. MnBi alloys have recently received lots of attention due to their cheap
cost, moderate saturation magnetization (pM,) of 1 T, and large K, of 1.6 MJ/m’ at room temperature.
Unlike well-known permanent magnet Nd,Fe; B, K, of MnBi increases with temperature, making it more
suitable in high-temperature applications such as motors. In this study, we conduct systematic
first-principles electronic structure calculations to further enhance the structural stability, p,
and K, by replacing Bi with p-block elements (Sn and Sb) and Mn with 3d transition metal elements
(Fe and Co). Furthermore, we reveal that K, can even reach up to 3.3 MJ -m™ in MnBi, ,sSn, ., while
simultaneously improving pM;. These results demonstrate the feasibility of possible enhancements
on the magnetic anisotropy and energy product of already potent magnet, making it best candidate of
plugging the gap between RE and RE-free permanent magnetic materials.

This work 1s supported by Future Materials Discovery Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science and ICT (2016M3D1A1027831) and by the
Korea Institute of Energy Technology Evaluation and Planning (KETEP) grant funded by the Korean
government (MOTIE) (20192010106850, development of magnetic materials for IE4 class motor).
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Control of magnetic properties of MnBi by elements doping
Yang Yang*, Hui—Dong Qian, Jung Tae Lim, Jihoon Park, Jong—Woo KimT, Chul=Jin Choi

Powder & Ceramics Division, Korea Institute of Materials Science, Changwon 51508, Republic
of Korea

MnBi has attracted much attention due to its large crystal anisotropy, coercivity and positive
temperature behavior. To enhance i1ts magnetic properties, doping on MnBi as well as chemical
composition control has been widely employed so far. In this work, in order to obtain high purity of
low-temperature phase (LTP) MnBi, various nominal compositions and 3™ elements substitution on the
crystal structure and magnetic properties of MnBi were studied systematically. The alloys with high
portion of LTP were prepared by conventional induction melting method with subsequent temperature
annealing and post ball milling process. The MnsBi,, powder crushed from annealed ingot showed
remarkably high magnetic property, i.e. saturation magnetization of 70.2 emu/g with a coercivity
of 4381 Oe. In the meantime, it was found that the Ga-doping increased the Curie temperature
of MngBis Ga, for x =< 5 and the phase transformation temperature of LTP-MnBi to HTP-MnBi. The
Curie temperature is elevated by ~25 K for 5 at.% doped Ga. In this presentation, fabrication
and optimization process for MnBi compositions and magnetic property variations according to the

transition metal elements doping on MnBi will be discussed in detail.
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Enhancement of magnetic properties of Fe—rich
compounds with tetragonal ThMn,, structure by mixing
non—magnetic materials

Jung Tae Lim*, Hui—Dong Qian, Jihoon Park, Chul—=Jin Choi'

Powder & Ceramic Division, Korea Institute of Materials Science, Changwon 51508, Korea

Among rare earth (R)-Fe-X compounds, it is well known that the Fe-rich compounds with tetragonal
ThMn,, structure are potential as next generation permanent magnet materials because of high
anisotropy field, saturation magnetization (M), and Curie temperature (T.). In addition, the ratio
of rare earth elements 1s very small as about 8%. Very recently, cobalt doped SmFe,Ti alloys
have been extensively studied due to the enhanced M, and magnetic anisotropy by Co substitution.
However, the Fe-rich compound with ThMn,, structure showing theoretically excellent properties has
not yet realized the full potential of the magnet, since the ThMn;, structure is not stable and has
a very small domain size about 20 - 50 nm. Therefore, grain refinement and grain boundary control
are well-known methods for obtaining high coercivity. In this study, to increase the coercivity,
we have synthesized the Fe-rich Sm(Fe, (Coy,);;Ti bulk by mixing non-magnetic grain boundaries
diffusion materials. The crystallographic and magnetic properties were characterized by using x-ray
diffractometer (XRD) with Cu-Ka radiation source, scanning electron microscopy (SEM), and vibrating
sample magnetometer (VSM). The Sm(Fe, (Co,,);;Ti compound was synthesized by using arc-melting and
melt-spinning methods. The Sm(Fe, (Co,,);;Ti powder was sintered at 800 °C, followed by quenched to
prevent any phase transition. The non-magnetic grain boundaries diffusion materials were synthesized
by using induction-melting. The as-prepared sample mixed with a non—magnetic grain material by
using ultra-sonication in ethyl alcohol and annealed at various temperatures ranging from 600 to
900 °C in high vacuum. The phase identity and volume fraction were determined by using the Rietveld
refinement method. In order to improve the magnetic properties, the grain boundary diffusion process
was performed and all samples were formed a thick and continuous grain boundary phase with non-
magnetic materials. With increasing annealed temperature, Sm(Fe,sCo,,);;Ti phase was decomposed and
H, decreased rapidly due to the a-Fe phase.

References

[1] Y. Hirayama, Y. K. Takahashi, S. Hirosawa, and K. Hono, Scr. Mater. 138, 62 (2017).
[2] K. Hono and H. Sepehri-Amin, Scr. Mater. 67, 530 (2012).
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A Development of the coating technique
on Soft—magnetic Composite Powders for a motor
device

Kim youngmin®, Kim shingyu', Chung yeonjun', Kim jongryul?
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’Hanyang University Erica Campus, Korea
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Structural and magnetic properties of rare earth doped
Fe by ion beam implantation

Joonhyuk Lee', Jinhyung Cho?, Hyoungjeen Jeen"'

'Department of Physics, Pusan National University, Busan 46241, Korea
Department of Physics Education, Pusan National University, Busan 46241, Korea

With the development of automation technology, use of motors is increasing, and various studies
are being conducted to secure the performance of permanent magnets. In order to develop a permanent
magnet, a lot of research is being conducted to increase the maximum energy product and try to
improve the performance by including a small amount of rare earth elements in iron. Recently, the
first-principles calculation predicted that CeFe,, compounds would have a good candidate for magnetism
study. (Y. Harashima et.al., Scripta Materialia, 179 (2020), 12) In this presentation, we show
effect of nitrogen implantation on magnetic property of CeFej,. Mo capped (110) CeFe;, thin films on
(110) Mo buffered (0001) Al,0, were deposited by RF magnetron sputtering. N' implantation was taken
place to tune magnetism. The beam conditions are 50 and 100 keV as beam energy and 10 ions/cm® of
fixed dose. We specially designed thickness of capping layer to minimize the effect of recoiling due
to high energy implant. The prepared samples with different thickness of capping amorphous Mo: 10,
50, and 100 nm. The implanted films were analyzed using X-ray diffraction and SQUID magnetometer.

The results show in limited condition enhanced magnetism is clearly seen.

Keywords: CeFe,,, Nitrogen ion implantation, Magnetism
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Spin—thermoelectric energy conversion based on
molecule—based magnetic thin film

Inseon Oh', Jungmin Park?, Deaseong Choe', Junhyeon Jo', Hyeonjung Jeong',
Mi—=Jin Jin', Younghun Jo?, Joonki Suh', Byoung—Chul Min®, Jung—Woo Yoo'

Department of Materials Science and Engineering, Ulsan National Institute of Science and
Technology, Ulsan, 44919, Korea
3 Center for Spintronics, Korea Institute of Science and Technology, Seoul, 02792, Korea.

Spin thermoelectrics (STE), an emerging thermoelectric technology, offers energy harvesting from
waste heat with advantages of large-area capability and potential advance in energy conversion
efficiency, thanks to orthogonal paths for heat and charge flow. However, magnetic insulators used
for STE pose challenges for scale-up due to high temperature processing and difficulty in large-
area deposition. Here, we introduce a molecule-based magnetic film for STE applications because
1t entails versatile synthetic routes in addition to weak spin-lattice interaction and low
thermal conductivity. Thin film of Cr''[Cr'"(CN)s] grown on a Cr electrode via room temperature
electrochemical deposition shows effective spin thermoelectricity associated with strong excitations
of low energy spin waves. Moreover, the ferromagnetic resonance studies exhibit low Gilbert damping
constant ~ (2.440.67)x<10", indicating low loss of heat-generated magnons. The demonstrated STE
applications of a new class of magnet will pave the way for versatile recycling of ubiquitous waste
heat .
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Fig. 1. Longitudinal spin Seebeck effect in molecule-based magnet/Cr metal heterojunction
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First—principles prediction of enhancing magnetic
anisotropy and stability of a"— Fe,(N, phase

Tumentsereg Ochirkhuyag', Dorjsuren Tuvshin', Soon Cheol Hong® ', Dorj Odkhuu"'

'Department of Physics, Incheon National University, Incheon 22012, South Korea
Department of Physics, University of Ulsan, Ulsan, South Korea
E-mail: *schong@ulsan.ac.kr, fodkhuu@inu.ac.kr

Rare-earth based magnetic materials are widely used in permanent magnet applications. Recently,
rare—earth free permanent magnets have received much attention for their earth abundance and cheap
materials price. Herein, systematic first-principles density functional calculations are used to
reveal possible improvements of uniaxial magnetic anisotropy (K,) and thermal stability of a
"'-phase FeyN, by replacing Fe with a series of 3d metal elements (Ti to Zn). Among the 9 substitute
elements, the V and Zn (or, V and Co) co-substitute stabilizes the a'' phase of FeyN, and enhances
its K, up to 2.9 MJ - m™®, which is nearly 5 times that of 0.6 MJ-m™® in a''-phase Fe,N,. These
results provide an instructive guideline for simultaneous enhancement of the structural stability
and energy product in 3d-only rare-earth free permanent magnets.

Keywords: Rare-earth free permanent magnets, First-principle calculations, Uniaxial magnetic anisotropy

This work is supported by Future Materials Discovery Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science and ICT (2016M3D1A1027835) and by the Korea Institute of Energy
Technology Evaluation and Planning (KETEP) grant funded by the Korean government (MOTIE) (20192010106850,
development of magnetic materials for IE4 class motor).
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Transcranial Magnetic Stimulation for the Treatment of
Multiple Neurologic Conditions; Focused on Clinical
Application

Jung—Woo Jeong”, Bo—Kyoung Song?®

"Dept. Emergency Medical Rehabilitation Graduate School, Kangwon National University, Korea
’Dept. of Occupational Therapy, Kangwon National University, Korea

Purpose of Review

Transcranial magnetic stimulation (TMS) has found its way into the mainstream in the areas of non-
invasive therapy for multiple neurological and sychiatric disorders. TMS is a method of non-invasive
brain stimulation that is based on electro-physical principles discovered by Michael Faraday. A TMS
device 1s made of one or two copper coils, positioned superficially to a site of interest in the
brain, to non—invasively produce a brief magnetic pulse to an estimated depth from the surface of
the scalp with the following axonal depolarization. This axonal depolarization activates cortical
and subcortical networks with multiple effects. There are different methods of TMS used, all with
different mechanisms of action. Depending on the frequency of stimulation, low frequency (< 1 Hz) or
high frequency (> 5-20 Hz), we will obtain a specific result, long-term depression or potentiation,
respectively. TMS became a safe and non-invasive method to study the brain, a process that could be
done inexpensively and repeatedly.

Recent Findings

TMS is now approved for major depression disorder and obsessive-compulsive disorder. There is
significant data to consider approval of TMS for many neurological disorders. This is a review of
the uses of TMS in diverse neurological conditions, including stroke and spasticity, migraine, and
dementia.

Summary

TMS is a device that utilizes non—invasive brain stimulation, and it has shown promising results
with objective clinical and basic science data. Its ability to trigger neuronal plasticity and
potentiating synaptic transmission gives i1t incredible therapeutic potential.

There are diverse mechanisms of action, and this could be troublesome in elaborating clinical
trials and standardization of therapy.
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Image Quality Assessments According to the Angle of
Tilt of a Flex Tilt Coil Supporting Device: An ACR MRI
Phantom Study

Ji-Sung Jang', Ho—Beom Lee'?, Sung—min Kim?

'Department of Radiology, Asan Medical Center, Korea
"Department of Medical Device Industry, Dongguk University,

The purpose of this study was to assess the effects on image quality of different angle of tilt
created by a flex tilt coil supporting device during the MRI examination. All images were analyzed
using an automatic assessment method following the ACR MRI accreditation guidance. Image quality was
compared between acquisitions grouped according to the angle of tilt of the coil supporting device:
group A (Flat mode), group B (10%), and group C (18%). All measured image qualities were within
the ACR recommended criteria, regardless of the angle of tilt coil supporting device. There were
no statistically significant differences in geometric accuracy, high contrast spatial resolution,
percent signal ghosting, and low contrast object detectability (p > 0.05). However, statistically
significant differences between the three groups were found for slice thickness, position accuracy,
and image intensity uniformity (p < 0.05, ANOVA). The flex tilt coil device can provide sufficient
image quality, passing the criteria of the ACR MRI guideline, despite differences in slice
thickness, slice position accuracy, and image quality uniformity according to the angle of tilt.

Slice 1 Slice 5 e 7 Slice & Slice 9 Slice 10 Slice 11

Group &

Group B

Group G

Fig. 1. Representative images acquired with the flex tilt coil, displayed using their default contrast
level and window. Group A, flat; Group B, tilt 10°; Group C, tilt 18°.
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Feasibility of fast non—local means algorithm for T1—
weighted MR images using BrainWeb: A simulation study

Seong—Hyeon Kang*, Youngjin Lee
Department of Radiological Science, Gachon University, Korea

The purpose of this study was to analyze the efficiency of the fast non-local means (FNLM)
algorithm in Tl-weighted MR images. For this purpose, we simulated the References image and noise
image based on Tl-weighted images, which Gaussian noise added with 0% and 5%, respectively, using
the BrainWeb. In addition, the FNLM algorithm with kernel size, search window size, and sigma
values set to 5 x 5, 11 x 11, and 0.05, respectively, was modeled and applied in noisy image. To
evaluate the noise level and similarity, we used the coefficient of variation (COV), contrast to
noise ratio (CNR), root mean square error (RMSE), and peak signal-to—noise ratio (PSNR). Moreover,
the conventional noise reduction methods such as median filter, Gaussian filter, and Wiener flter
were additionally applied. As a result, FNLM algorithm was showed the most improved value for all
evaluation factors. Especially, compared to the noisy image, the COV, CNR, RMSE, and PSNR were
improved about 11.24, 13.01, 1.34, and 1.03 times, respectively. In conclusion, we demonstrated that
the FENLM algorithm can effectively remove the noise, which generated in the Tl-weighted MR image.

Fig. 1. (a) The References image of the T1-weighted MR image with ROIs for quantitative
evaluation and (b) reconstructed images with noise reduction algorithms
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Fig. 2. Results of the COV, CNR, RMSE, and PSNR of the reconstructed images with noise
reduction algorithms for evaluation of the noise level and similarity.
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A Study on the Evaluation of Dose Distribution Error
According to the Spacing and Angle of Bolus in
Electromagnetic Radiation

Kim Jeong Ho', Seo Jeong Min%, Kim Gap Jung®

'Department of Radiology, Sunlin University, Pohang, Republic of Korea
“Department of Radiological Science, Catholic University of Pusan, Pusan, Republic of Korea
Department of Radiology, Songho University, Gangwon, Republic of Korea

The purpose of the radiation therapy bolus is to move the dose distribution in the body to the
surface using electromagnetic radiation. To do this, the exact position of the bolus 1s necessary.
However, there are many cases in which the reproducibility of the position of the bolus is not
maintained in clinical practice, so it is necessary to evaluate the change in dose for this. For the
6MV and 10MV of the linear accelerator (Varian, RapidArc), PDD was measured for an interval from O
em to 9em, and a slope from 07 to 30° degrees under irradiation field 10x10cm conditions. For
radiometric measurement, PDD was measured using an ion ionizer, and D5 (percentage of 5mm depth)
to D50 (percentage of 50mm depth) were compared. The difference in the index according to the gap
difference was from —-0.7% to 3.1% when using a 6MV and 5mm bolus. When using a 10MV and 5mm bolus,
there was a difference of -0.2% to 11.3%. When 6MV and 10mm bolus was used, the difference was
-0.6% to 0.4%. When 10MV and 10mm bolus was used, the difference was -0.3% to 5.6%. In addition,
the difference in the index according to the difference in inclination was -0.1% to 1.3% when using
a 6MV and 5mm bolus. When using a 10MV and 5mm bolus, there was a difference of -4.2% to 1.5%.
When 6MV and 10mm bolus was used, the difference was -0.1% to 1.7%. When 10MV and 10mm bolus was
used, the difference was -1.5% to 1.5%. And the change according to the gap difference showed a big
difference only in the vicinity of the surface, whereas the change according to the inclination
showed an overall change. If the bolus is attached to the side or rear direction of the body
part, or if the bolus 1s inappropriately attached due to the fixing mechanism, the redesign of the
treatment plan should be determined considering the error.

Fig. 1. Comparison of gap and tilting angle
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Feasibility of Customized 3d Bolus for H&N cancer: Applied
to Oral Cavity and Supraclavicular Area

Seunghyeop Baek'*, Eunbin Ju'?, Woo Sang Ahn*, Nuri Hyun Jung', Sohyun Ahn'

"Department of Radiation Oncology, Kangwon National University Hospital, Kangwon 24289, Korea,
’Department of Bio-medical Science, Graduate School of Korea University, Sejong 30019, Korea,
’Department of Radiological Science, School of Yonsei University, Wonju 26493, Korea
‘Department of Radiation Oncology, Gangneung Asan Hospital, University of Ulsan College of Medicine,
Gangneung 25440, Korea

Purpose

The side effects such as dry mouth, skin change and a sore throat still remain when the oral
cavity or head and neck (H&N) cancer were treated by the intensity-modulated radiotherapy (IMRT).

To alleviate these side effects, a customized 3d bolus was recently used during IMRT instead of a
commercial bolus.

So, this study is aimed at reviewing a novel method of manufacturing a customized bolus for
patients with head and neck (H&N) cancer and evaluating the target coverage and normal tissue
sparing.

Materials and Methods

For H&N cancer patient, a 3D bolus structure was created from an extended planning target volume
(PTV) and transmitted to DICOM file type. Then, the 3d bolus was manufactured using PLA material with
3d printer (3DWOX, Sindoh) after the type was converted to SIL file type.

For oral cavity (hard palate) patient, a balloon was inserted into a patient’ s mouth to secure
space, and then the area surrounding the balloon was designed into a 3D bolus structure so that the
patient could comfortably handle a dose buildup.

These manufactured 3d boluses were applied during treatment of each patient, and the in-vivo
dosimetry was performed using EBT3 film to evaluate dose of the tumor and surrounding normal tissue.

Results

The skin dose of H&N patients using a 3D bolus was 14.4% lower than the skin dose when using a
commercial bolus.

This bolus enables effective performance of skin sparing procedures and full coverage of the
target skin area.

For oral cavity patients, the PTV dose was 93.8% of the prescribed dose and the tongue dose was
sufficiently sparing at 8% of the prescribed dose.

Conclusion
In this study, we found that creating a local 3D bolus structure using an extended PTV can
improve target coverage and reduce unnecessary skin dose for irregular skin. In addition, for the
oral cavity, this method not only improves target coverage, but also allows achieving a tongue
immobilization effect. Thus, our proposed method can use a clinical field.
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The effect of patient size on radiation with size—specific
dose estimates for computed tomography dose index

Pil-Hyun Jeon', Cheol—-Ha Baek?

"Department of Radiology, Yonsei University, Wonju Severance Christian Hospital, Wonju, Korea
Department of Radiological Science, Kangwon National University, Korea

CT scanners typically display standard dose metric with two indices. CT dose index (CIDIvol) and
dose length product (DLP) based on two of standard cylindrical PMMA phantoms (16 and 32 cm diameter)
were used in the calculation of radiation dose. CIDIvol represented with the radiation provided
by a CT scanner is not accurately matched to the radiation dose to an individual patient. At this
moment, CT dose a pediatric patient (an average diameter less than 32 cm) may be underestimated
without adjusting dose data for body size and shape. In according to AAPM 204 report, the size
specific dose estimate (SSDE) described a method for adjusting dose index values based on effective
diameter with the geometric means of measurement. To calculate the effective diameter is computed
as the diameter of the circle whose area is the same as that of slice at the fixed level of T12-L1.
Image of scanning CT was imported into software MATLAB version 7.7.0. to convert the pixel values of
DICOM (Digital imaging and communication in medicine) files from oval to circle shape for calculating
effective diameters. Patient effective diameter by image—based empirical used to a threshold of 1000
HU for sampling the image pixels. Number of pixels whose Hounsfield Unit (HU) value exceeded a set
threshold. This pixel count was multiplied by the area of a single pixel to give an estimate of the
cross—sectional area. In compare with the effective diameter, the root square error was 8.269 with
changing pixel in threshold value of effective diameter slightly higher than the manually measured
effective diameter. This study is to find a practical and physical method for changing pixel in
threshold value calculation of effective diameter with reconstructed axial abdominal CT images for
radiation dose with CIDIvol. Our research will improve to evaluate the measurement of effective
diameter on a CT image appropriate and useful to normalize CT dose data for body shape and size.
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Fig. 1 lllustration of DICOM file images using pixel values for the effective diameter (a) The
original abdomen CT image to convert the DICOM file (b) Changing pixel in threshold value of
colored white, with remaining pixels colored black. (c) Comparison of calculated and measured

effective diameters for the patient cross section area.
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FePt—Ferrite heterogeneous nanoparticles: One—pot
synthesis with controlled phase and their enhanced
biocompatibility

Yunji Eom*, Yumin Kang, Satish Kasturi, Sri Ramulu Torati, CheolGi Kim
Department of Emerging Materials Science, DGIST, Daegu-42988, Republic of Korea

During the last decade, the synthesis of multifunctional magnetic nanoparticles has been received
a great attention due to their flexibility for simultaneous various multi-applications such as drug
delivery, magnetic resonance imaging, immuno-detection etc. Particularly, bimagnetic FePt/Fe,0,
nanoparticles are more interesting for simultaneous magnetic and biological applications'*®. The
synthesis method is very important for the controlled formation of bimagnetic particles. Although,
few techniques are available for the synthesis of FePt/Fe,0, nanoparticles, the time-consuming two-
steps and longer reaction time remains a challenge for wider applications. Hence, we developed
a one-pot synthesis technique for the synthesis of the composition controlled FePt and phase-
controlled FePt/Fe.0, nanocubes (NCs) by using 1, 2-hexadecanediol and l-octadecene as a reducing
agent, respectively. When 1, 2-hexadecanediol was used as a reducing agent with varying source ratio
of Fe:Pt, the homogeneous FePt NCs were formed while by usingl-octadecene as a reducing agent with
Fe:Pt ratio 4:1, heterostructure of FePt/Fe 0, NCs were obtained. The FePt/Fe 0, heterostructure shows
two phases i.e., FePt with (111) facet of the fcc and Fe)0, with inverse cubic spinel structure.
Both FePt and FePt/Fe,0, NCs shows typical superparamagnetic behavior with negligible coercivity.
Also, the cell viability of FePt and FePt/Fe,0, NCs were investigated, and found that the NCs shows
excellent biocompatibility. Hence, the NCs could be useful for various biomedical applications
including MRI contrast agents, hyperthermia, and as a label in magnetic biochips®”.
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Schematic of FePt nanoparticles formation from decomposition of Fe(CO); and reduction of Pt(acac),.
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Label—free electrochemical biosensor for miRNA—122
biomarker detection based on naturally reduced rGO/
Au nanocomposite.

Satish Kasturi*, Yun Ji Eom, Sri Ramulu Torati, CheolGi Kim '

Department of Emerging Materials Science, DGIST, Daegu-42988, Republic of Korea

Viruses are obligate intracellular parasites and can easily interact with the pathways in the
infected host. DNA viruses such as polyomaviruses, adenoviruses, and herpesviruses express viral
microRNAs (miRNAs) and use the miRNA levels to observe the growth to regulate both host and viral
RNAs [1]. Early detection of this type of miRNA’ s is very important to reduce the people who get
affected and keep these types of diseases in control [2]. In this work, we have fabricated a novel
and simple miRNA-122 electrochemical sensing platform biosensor fabrication to detect the microRNA-122
(miRNA-122) with high resolution by using reduced gold nanoparticles dotted on reduced graphene
oxide (rGO/Au) synthesized via natural soapnut solution. The successful synthesis of naturally
reduced rGO/Au nanocomposite were confirmed through various characterization techniques like XRD, HR-
TEM, RAMAN, etc [3]. Next the rGO/Au nanocomposite was coated on to the gold electrode and checked
the electrochemical performance, the nanocomposite shows excellent bio—analytical performance to
detect microRNA-122. The probe DNA was immobilized onto the binding sites of rGO/Au nanocomposite
using covalent bond of thiol-Au and detected the target miRNA-122, the successful formation of DNA-
RNA duplex and the recognition of target miRNA-122. The developed rGO/Au based electrochemical
biosensor demonstrated an excellent wide linear range from 10 uM to 10 pM with a detection limit of
1.73 pM. In conclusion, the developed biosensor shows good stability and reproducibility, could be
used for the detection of miRNA-122 and can be used for the potenital basic research and clinical
studies related to cancer biomarker [4].
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Development of magnetic—based pressure sensor for
pulse pattern detection

Mijin Kim', Sang—Hoon Shin?, Sunjong Oh*", Cheolgi Kim'"
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The pulse pattern appears as a superposition of the traveling wave and the reflected wave
generated during the contraction and diastolic phase of the heart. Vascular diseases such as
cardiovascular, cerebrovascular, coronary artery, and peripheral vascular disease are caused by
the increase in stiffness as the elastic tissue of blood vessels decreases or destroys, the rate
of pulse wave transmission increases and the maximum systolic blood pressure increases. Diagnosis
1s possible through pulse pattern analysis. Therefore, in this study, based on the existing high-
resolution magnetic—based sensor, a pressure sensor for pulse pattern analysis was developed that
precisely senses the pulse pattern while varying the external applied pressure applied to the
object to be measured, and measures and analyzes the physical characteristics of blood vessels. In
addition, a single pulse pattern measurement system was developed based on the development of a
portable precision measurement electronic circuit that can monitor the exact physical blood vessel
characteristics according to the patient's health status and static/dynamic pressure sensing element
technology. It aims to develop a single system that can analyze the shape of the pulse pattern
and infer the stiffness of blood vessels. This can be applied to the existing medical diagnosis
monitoring electronics and sensor markets, and is expected to be applicable in markets such as next-
generation medical equipment and sensors, flexible displays, and robotics.
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Fig. 1. Pulse signal according to applied pressure.
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Temperature Range: 1.7 K to 350 K
7 T Split-Coil Conical Magnet

Low Vibration: <10 nm Peak-to-Peak
89 mm x 84 mm Sample Volume

Quantum Design





