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DC magnetic field imaging of permanent magnets using an alternating magnetic force microscopy
K. Miura, H. Tanaka, T. Matsumura, H. Saito
(Akita Univ.)
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Evaluation of magnetic field response of Co-GdOy superparamagnetic tip in microwave frequency region
by alternating magnetic force microscopy
S. Sato, T. Matsumura, H. Saito

(Akita Univ.)
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Simulation study of analysis of magnetic easy axis direction of single domain particles for magnetic imaging
by alternating magnetic force microscopy
K. Murakami, A. Takada, T. Matsumura, H. Saito
(Akita Univ.)
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Theory of DC magnetic field imaging by using an alternating magnetic force microscopy
H. Saito, K. Miura, H. Tanaka, T. Matsumura

(Akita Univ.)
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Three-dimensional distribution measurement of magnetic field vector by magneto-optical imaging
H. Sakaguchi, S. Wada*, T. Matsumura*, H. Saito*, T. Ishibashi
(Nagaoka Univ. of Tech., *Akita Univ.)
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1) G.Lou et al., J. Appl. Phys., 117, 17A749 (2015).
2) T.Ishibashi, J. Magn. Soc. Jpn., 44, 108-116 (2020).
3) H. Saito et al., Abstracts of INTERMAG 2021, CQ- Fig. 1 (a) Digital photograph, (b) MO image,
03 (2021). and (c) 3D magnetic field vector of the
magnet measured at distances of 0, 2, and 4
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Evaluation method of soft magnetic materials by difference image of magnetic domain structure.
Ryoko Araki, Teruo Kohashi
(Hitachi, Ltd.)
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Fig.1 Magnetization analysis images of soft magnetic. (a) magnetic domail image in 0 Oe, (b) subtracted image
between data in 0 Oe and that in +180 Oe, (c) subtracted image between data in 0 Oe and that in— 180 Oe.

L ZD N

1) &'E i JFE £k, p.1-5. No.36. (2015)
2) TH fth: FE¥F A, vol 125, No. 3, (2005)
3) HE fh: BAMEL. vol 52, No.3. (2017)
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Clarification of reconstructed image in magnetooptical 3D holographic display
using microlens array.
Y. Ito, S. Yamagishi, Y. Yamamoto, H. Horimai, T. Goto, Y. Nakamura, P. B. Lim, M. Inoue, H. Uchida
(Toyohashi Univ. of Tech., *Holymine, ** National Institute of Technology)
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Development of Magnetic-Domain Imaging Techniques in Polycrystalline Materials by Scanning
Transmission Electron Microscopy
Y. O. Murakami, T. Seki, A. Kinoshita, T. Shoji, Y. Ikuhara, N. Shibata
YInstitute of Engineering Innovation, The University of Tokyo, Bunkyo-ku, Tokyo, Japan, 2Advanced
Material Engineering Division, Toyota Motor Corporation, Susono, Shizuoka, Japan, *Nanostructures
Research Laboratory, Japan Fine Ceramics Center, Atsuta-ku, Nagoya, Japan
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Development of highly sensitive TMR sensor

Mikihiko Oogane!, Kosuke Fujiwara?, Seiji Kumagai?, Hitoshi Matsuzaki?, and Yasuo Ando*
(*Tohoku Univ., 2Spin Sensing Corp.)

The magnetic tunnel junctions (MTJs)-based sensors (TMR sensor) are promising magnetic field sensor because of
room temperature operation, small device size, and the low power consumption. Since the TMR sensors with such
features are considered to be widely applicable not only to the magnetic recording, the TMR sensors will be a key
device in the ICT and 10T societies. In addition, because of the dramatic increase in sensitivity of TMR sensors in recent
years, the realization of the device that can detect the weak magnetic field of pico-Tesla such as bio-magnetic field is
expected. We have already reported on the measurement of cardiac magnetic field (magnetocardiography: MCG) and
brain magnetic field (magnetoencephalography: MEG) using TMR sensors [1], but, the further improvement in
sensitivity and detectivity of TMR sensors is required to realize the actual TMR based-MCG and -MEG equipment. We
will introduce recent progress in the development of highly sensitive TMR sensors.

We have achieved the lowest magnetic field detectivity of 1.0 pT / Hz%% at 1 Hz in the TMR sensor using a magnetic
flux concentrator (MFC) (Fig. 1). By using a TMR sensor with high magnetic field resolution in the low frequency
region, we succeeded in measuring MCG at real-time and MEG with a small number of averaging times. Further, as
shown in Fig. 1, the developed TMR sensor has an extremely low magnetic field detectivity of 0.1 pT / Hz%5 or less in
the kHz band. Protons in the human body generate nuclear magnetic resonance (NMR) at a frequency of 1 to 3 kHz
under a weak magnetic field of uT, and we succeeded in measuring the NMR signal for the first time using the TMR
sensor (Fig. 2). These results show that the MEG signal and the magnetic resonance image (MRI) using NMR can be
simultaneously measured by the same TMR sensor device.

This work was partly supported by JST S-innovation project, the Center for Innovative Integrated Electronic Systems
(CIES), the Center for Science and Innovation in Spintronics (CSIS), and the Center for Spintronics Research Network
(CSRN).
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Fig. 1 Frequency dependence of detectivity in
developed TMR sensors with/without magnetic
flux concentrator (MFC)

Fig. 2 Proton NMR signals under low magnetic
field of 50 uT measured by developed TMR
sensors with MFC.

Reference
1) K. Fujiwara et al., Appl. Phys. Express 11, 023001 (2018).
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High sensitive magnetic sensor using symmetric response GMR
Yoshihiro HIGASHI, Akira KIKITSU, Yoshinari KUROSAKI and Satoshi SHIROTORI
Corporate Research and Development Center, Toshiba Corporation
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(2) K. Fujiwara et al., “Magnetocardiography and magnetoencephalography measurements at room temperature using tunnel
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New model of FM-OFG magnetometer with 1-pT noise floor

Ichiro Sasada
Sasada Magnetics and Sensors Laboratory

In this presentation, recent progress in the art of fundamental mode orthogonal fluxgate (FM-OFG) magnetometer and a
new model of its embodiment will be presented.

The orthogonal fluxgate magnetometer was first reported by T. Palmer in 1953 [1], where a thin permalloy wire is used
as a sensor core and ac excitation current is directly fed to the thin wire core. When magnetic field is input to the core,
the induced voltage at the pickup coil that surrounding the core becomes to include second harmonics of the excitation

frequency. When dc current is added as a bias to the ac excitation current to 0.020

make them unipolar, the operation of the orthogonal fluxgate turns to the E

fundamental mode, which was introduced by 1. Sasada 20 years ago [2]. 2 0-015

The difference in the constituent is very little but the dc-bias current gives ~ § 0-010 AN

us a totally different picture in terms of noise [3]. Applications of very low % 0.005

noise FM-OFGs include MCG measurement [4], magnetic nano-particle . 0.000

detection [5] and small ferrous contaminants detection [6]. Recent 0.0 0.5 1.0 1.5
developments include offset drift stabilization for long-term dc Hex I Hac

measurement [7] and noise reduction less than 1 pT/NHz at 1 Hz [8]. The Fig. 1 Permeability along the length
most important aspect of the FM-OFG is that it employs small angle direction of a thin wire core is numerically
calculated. Operating point traverses

rotation of magnetization in a thin magnetic wire or of a narrow magnetic . e e
£ £ £ along the thick solid line periodically.

ribbon. Therefore it can minimize any noises

from Barkhousen jumps associated with domain CIOCkvpmse 2 clock pulse |

wall motion. The operating principle is power Tr. idcﬂﬁnw’

repeatedly explained in articles mentioned above. rzggn];gr =) pre-amp

A key point is that the permeability along the j:ire ‘;;re _H_l> demodulator ] logl-tlzss
core’s length direction varies periodically with an or

ribbon core

excitation frequency. Fig. 1 shows a numerical i
result for this, where Hex=HactHac. Due to the < ‘N\/\
periodical change in the permeability, low output

| error
integrator

frequ.ency magne‘u? field input pr.oduces L Fig. 2 Block diagram of FM-OFG magnetometer.
amplitude modulation of the carrier frequency, which is exactly

the excitation frequency. A block diagram of a magnetometer system
with a negative feedback loop is shown in Fig. 2. This diagram is put

in a box as shown in Fig. 3. Three output terminals are added to it; dc

AC_100 AC1 bca
-~ -~ ~ .
S Y o’

=3 FM-OFG sLabs DC/AC100

coupled outputs (0.16 Hz~1 kHz, 100 time gain and unity gain). A six 242 Megnetics & Semsors L

output (dc~1 kHz) with offset subtraction on demand via USB, two ac

volt ac adaptor supplies the power to it. Within the system, 5 V is
produced after filtering 6 V dc input. Power consumption of the main ~ Fig- 3 New model of FM-OFG magnetometer.
section is less than 0.2 W. Fig. 4 shows an example of one shot

observation of a weak magnetic field coming out from a wrist watch’s stepping motor using AC 100 output, in which
several ringing peaks are visible due to 1 kHz frequency band and low system noise. A sensor head made of a 35 mm
long thin core and a 30 mm long pickup coil is used. Measurement is carried out inside a shield. Fig. 5 shows a zoom-
up of the first half segment of the trace in Fig. 4. The root-mean-square value of the zoomed up portion is calculated as
30.9 pTrms. By considering that the band width is 1 kHz, noise density per \Hz is 30.9/Sqrt[1000]=0.98 pT/\/HZ. This
is just a rough estimation of white noise. Another thing to be noted is that the peak-to-peak of white noise and the noise
density per VHz is very different in value when the observation frequency band is wide. Finally noise spectral densities
are measured for two sensor heads; one is just mentioned and the other has a 30 mm long thin core. Sensor head under
test is placed inside a five-shell cylindrical shield. Output voltages of the magnetometer are taken from the dc output
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inside the box then amplified 10 times by an external low noise amplifier with a 0.016 Hz cut-off high pass filter.
Waveforms are recorded in 16 bits for 400 seconds with the sampling rate of 5 kS/s and band limited digitally to 2 kHz.
FFT to calculate the noise spectral density is made in a PC. Results are shown in Fig. 6 for 35 mm long sensor head
and in Fig. 7 for 30 mm long sensor head. In both plots, white noise region starts at around 10 Hz. The noise floor for
the 30 mm long sensor head is 1.4 pT/VHz and that for 35 mm one is 1.0 pT/NHz. By elongating the thin core, one may
get a higher sensitivity without excess increase in magnetic noise, hence one may get lower noise after scaling. With
this scheme, 0.8 pT/NHz@1Hz is realized in ref [8].
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Fig. 4 Magnetic field from a stepping Fig. 5 Zoom-up of the left half part of the

motor inside a wrist watch (Seiko Dolce).
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core and the closer edge of the watch is
about 11 cm.

waveform in Fig. 4
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Fig. 6 Noise spectral density plot for a sensor Fig. 7 Noise spectral density plot for a sensor
head with 35 mm long core. Magnetometer head with 30 mm long core. Magnetometer
used is FM-OFG sLab5 DC/AC1000. used is FM-OFG sLab5 DC/AC1000.
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Development of highly sensitive magnetoimpedance sensor system
towards for sub-pico-tesla resolution

T. Uchiyama, J. Ma
Department of Electrical Engineering, Nagoya University, Nagoya 464 8603, Japan

The Magneto impedance (MI) sensor is a highly sensitive micro magnetic sensor based on the magneto-impedance
effect in amorphous wires. As a high-performance magnetic sensor, magneto-impedance (MI) sensor has attracted
considerable attention and has wide prospects in geomagnetic detection and bio-sensing. With the Ml effect, when a
high-frequency sine current is applied to a soft magnetic material, impedance of soft magnetic material changes
significantly with external magnetic field. In Ml sensor, the impedance change of Co-based amorphous wire increases
with the frequency of excitation current. Meanwhile, in 1995, pulse driven MI sensor was developed with good linearity
by using pick-up coil and higher change rate of impedance in amorphous wire which is more than 100%. In 2002, for
distinguishing the poles of external magnetic fields, a pick-up coil was wound around the amorphous wire for detecting
the induced voltage proportional to the impedance change (direction change of a magnetization vector) in pick-up coil.

Then, an electronic compass circuit using 3-axis amorphous wire CMOS MI sensor has been developed and mass
produced for the mobile phone since 2005 by Aichi Steel Corporation, the smart phone since 2011, and the wristwatch
since 2013 [1]. Meanwhile, Dr. L. G. C. Melo reported the theoretical limit of intrinsic magnetic field noise spectral
density (MSD) of Ml sensor [2], in 2008. The intrinsic magnetic field noise of 30-um Co-based amorphous wire is
estimated to be about 10 fT measured over a bandwidth of 1Hz, with 1 cm length, in room temperature. However, with
the conventional CMOS MI sensor circuit, it is difficult to examine the magnetic noise of the element in detail, such as
comparing it with the theoretical, because of large 1/f noise of sensor circuitry.

In this study, we used 30 um diameter CoFeSiB amorphous wire samples in combination with the pick-up coil for
magnetic field detector, which utilize off-diagonal Ml effect [3]. The wire samples after heat treatment were supplied by
Aichi Steel Corporation. In order to improve S/N ratio of the Ml sensor system, we have developed new circuitry of
pulse-driven MI sensor, which detecting both the positive peak and negative peak, which are excited by rising edge and
drop edge of the excitation pulse. In this Pk-pk VD type MI sensor system [4], we have adopted the time-differential
measurements between the voltages of the positive peak and negative peak. Because of the time-differential
measurement of the same induced signal, that can reduce the common-mode noise due to the fluctuation of low
frequency.

We have investigated the field detection characteristics (Eout Versus Hex) of the Pk-pk VVD-type MI magnetometer by
using different MI sensor heads with 400, 500, 600, 700, and 800 turns machinery pick up coils. These Pk-pk VVD-type
MI magnetometer have good linearity. We also investigated system sensitivities of the Pk-pk VD-type Ml
magnetometer and conventional MI magnetometer in case of the same amplifier gain (A = 10.8), at the end of circuits.
The comparison of sensitivity depending on number of turns of pick-up coils between the Pk-pk VD-type Ml
magnetometer and conventional MI magnetometer is shown in Fig. 1. The highest sensitivity is 1.4x10® V/T at 500
turns. It is found that the sensitivity of the Pk-pk VD-type MI magnetometer is 1.3 times higher than the sensitivity of
conventional Ml magnetometer.

As shown in Fig. 2, we measured the output noises in time domain of the Pk-pk VD-type MI magnetometer and
conventional Ml magnetometer by using a low pass filter with a cutoff frequency of 10 Hz. The result illustrates the
output noise of the Pk-pk VVD-type MI magnetometer is reduced to less than 1/10 of conventional M1 magnetometer.
Obviously, we have markedly reduced the noise level in time domain of the Pk-pk VD-type MI magnetometer. The
output RMS noise of Pk-pk VD-type MI magnetometer is approximately 5 pT with a 10 Hz low pass filter.

For further improving Ml sensor, it’s necessary to analyzing intrinsic magnetic noise in amorphous wire. The noise of
MI sensor is considered to be mainly due to circuit noise, fluctuation of wire magnetic moment (thermal magnetic
noise), and irreversible movement of domain wall trapped by impurities and scratches on wire surface (Barkhausen
noise). The noise level of Pk-pk VD Type MI sensor circuit is approximately 20 nV. The noise level we achieved here is
getting close to the input conversion noise level of the differential amplifier used in this circuit. With this extremely low
circuit noise we achieved here, we can investigate the intrinsic magnetic noise of amorphous wire via proposed Ml
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sensor circuit.

We have considered the loss due to the BH loop, and dealt with fluctuation of magnetic moment according to the
general theory of fluctuation. When magnetic moment fluctuates due to thermal energy, it becomes noise of magnetic
sensor measuring this magnetic moment. On the basis of this thermal fluctuation theory, the thermal noise of Ml
element can be expressed as a function of permeability, and it increases with anisotropy field. However, when
anisotropy field is 3 Oe or more, the value tends to be saturated.

Moreover, the magnetization of amorphous wire is considered to be in circumferential direction, which is divided into
several magnetic domains in opposite directions with 180> domain walls. Assuming the number of pinning sites such as
scratches and impurities on the wire surface is constant, the greater the number of domain walls would lead to the
greater the probability of being trapped at pinning sites. Noise analysis results suggests that the magnetic noise due to
irreversible movement of domain wall increases with the number of domain walls.
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High-frequency drive type thin film sensor using coplanar line type
structure and for biomedical application

S. Yabukami
Graduate School of Biomedical Engineering, Tohoku University, Sendai 980-8579, Japan

A very sensitive thin-film sensor was developed using a transmission line operating at room temperature. The sensor
element consists of a coplanar line with amorphous-CoNbZr film. We already succeeded in the measurement of the
MCG (magnetocardiogram) signals at 16 points without magnetic shielding, and these signals were found to roughly
agree with MCG signals obtained with a SQUID (Superconducting Quantum Interference Device)!. However, the
sensor system needs a magnetic coil (such as Helmholtz coil) to apply DC field, which results in increasing 1/f noise.
In addition, this sensor is used with a high-frequency carrier of 1 GHz or higher, so we are considering the development
and application of this sensor to ensure stable operation as a module mounted on a board without impairing the
sensitivity of the sensor element. In the present study, we discuss direct bias to CoNbZr film and Cu film under
a CoNbZr film and compare it with an application of bias magnetic field. We also have developed a straight
coplanar line-type sensor with flip chip bonding. The high-frequency characteristics and sensitivity of the sensor
element through comparison of cases with and without flip chip bonding was discussed. Good sensitivity with a phase
change was obtained with flip chip bonding. Fig. 1 shows one example of a thin-film sensor. The sensor element
consists of a meandering coplanar line, SrTiO film as an insulator, and an amorphous CoNbZr film and Cu film as an
electrode. The coplanar structure was fabricated by the lift-off process. Amorphous CoNbZr film was deposited by RF
sputtering on a glass substrate. In order to induce transverse magnetic anisotropy, a DC field of 0.3 T was applied
during annealing after film deposition. Therefore, the easy axis, which was applied transverse to the coplanar line as
shown in Fig. 1. SrTiO film was deposited by RF sputtering and annealed at 160°C during deposition. Cu and Cr film
were deposited by RF sputtering. A high-frequency carrier flows in the center conductor of the coplanar line, not in
the CoNbZr film, so the sensor is different from conventional GMI sensors in this respect. When this DC current flows
directly in the CoNbZr film, permeability of the CoNbZr film changes, which results in the amplitude and the phase
of the carrier is changed due to the skin effect and ferromagnetic resonance. Conventional wafer probes (GSG-40-150
and HFP-120-201) were put into contact with the sensor to apply carrier and DC current. The transmission coefficient
(S21) was measured by a network analyzer as the DC current was slowly changed. Fig. 2 shows the phase change
(sensitivity) as a function of the DC field and carrier frequency. The sensor was connected with the flip chip bonding.
The good phase change of about 290 degrees/Oe was obtained around 4 Oe and at 1.8 GHz. This proposed sensor can
keep good sensitivity because the permeability was picked up in only the skin area of the magnetic thin film even if
the dc field was not uniform inside the film.
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Fig. 1 Schematic view of the sensor. Fig. 2 Phase change of sensor output.
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Diamond quantum sensor towards robust biosensing

Yuta Masuyama

(National Institutes for Quantum and Radiological Science and Technology)

Nitrogen-vacancy (NV) centers in diamond is a promising solid-state quantum sensor working at room temperature.
The quantum sensor is a sensor that measures the physical quantity such as magnetic field by using the energy change
of qubits [1]. By constructing an appropriate measurement system, the quantum sensor achieves high sensitive
measurement with the quantum-limited noise. Thanks to the property of the diamond that is a wide bandgap
semiconductor, the quantum coherence of the qubits maintains under a wide range of temperatures and pressures,
including under room temperature and atmospheric pressure. This characteristic enables us to use the sensor for various
applications including operating in vivo and extreme environments.

A highly sensitive sensor is used to detect small biological signals such as the magnetic field from the brain. However,
the sensor detects noise sensitively as well as target signals. Thus, many kinds of highly sensitive sensors are limited to
use in specific environments, e.g., magnetically shielded enclosures. The requirement of the magnetically shielded
enclosure prevents the spread of technology due to its high cost and size. Noise can be environmental noise, control and
measurement fluctuations in the sensor system, and noise from the sensor material. There are two ways to achieve
robust biosensing against the noises. One is to reduce noise, and the other is to place the sensor as close as possible to
the signal source.

We have developed a technology to reduce the environmental noise for the diamond quantum magnetometer with a
large sensor volume by quantum operation using an enhanced microwave field [2]. The quantum operation work as a
noise rejection filter for AC magnetic field sensing that enables us to achieve the magnetic field sensing with an AC
magnetic field sensitivity of 3.6 pT INHz. Forthe sensing of DC magnetic signals, we have developed the
gradiometer configuration [3]. Without any magnetically shielding, our gradiometer realizes a magnetic noise spectrum
comparable to that of a three-layer magnetically shielded enclosure, reducing the noises at the low-frequency range
below 1 Hz as well as at the frequency of 50 Hz (power line frequency) and its harmonics.

We are also improving the quality of the material for the diamond quantum magnetometer. The high-quality material
improves the quantum coherence time of the NV center by reducing the spin noise from the material. Our institute has a
technology of electron irradiation with high temperature and ion implantation. We constructed a fast evaluation system
suitable for the material evaluation of the diamond quantum magnetometer, and are researching the relationship
between NV center generation efficiency and coherence time by the electron beam irradiation.

Another method of noise reduction, i.e., bringing the sensor closer to the target, is quantum sensing using
nanometer-scale diamonds. The NV center in a nanometer-scale diamond works as the quantum sensor, enabling us to
inject the nanometer-scale diamond quantum sensor into a cell. The NV center can detect not only the magnetic field
but also pH [4]. Thus, the nanometer-scale diamond quantum sensor gives us the local biological information.
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Approaches to noise reduction of optically pumped magnetometers
Y. Ito and T. Kobayashi
(Kyoto University, Kyoto 615-8510, Japan)

Optically pumped magnetometers (OPMs) have extremely-high sensitiv-
ity comparable to the magnetometers with superconducting quantum in-
terference devices (SQUIDs). The intrinsic sensitivity of the OPMs is
limited by shot noise:

Electric noise Output signal

Input signal

5B 1 (1) Magnetic noise

- y\/nT;Vt’

where 7y is gyromagentic ratio, n is atomic density, 7 is relaxation time,
. . . . . Pump beam
V is sensing volume, and ¢ is measurement time. 6B is calculated as
~ 717 . . . . _ . . .
107" T with the typical parameters in the spin-exchange relaxation Alkali-metal atoms
free (SERF) regime?. However, the sensitivity of practical OPMs has
o . . I Probe beam
not reached such shot-noise limit yet. The OPMs in practical situation . .
Optical noise
are affected by magnetic, optical, and electric noises, as shown in Fig. 1.
The electric noise originating from electric circuits in the probe-beam Fig. 1 [Illustration of the pump-probe type OPM. BAP
detectors can be suppressed by low-noise and high-gain amplifiers. We is a balanced amplified photodetector. The pump beam
fabricated the amplifier circuits for multi-channel OPMs, and obtained  causes spin polarization of the alkali-metal atoms and the
the coverted electric noise of 4.0 fT/Hz'/ in 10 channels®. probe beam reads the fluctuation of the spin polarization
The optical noise is caused by convection effects in the probe beam caused by the input magnetic fields.
path. To avoid such convection effects, enclosing the optics and the beam
path is effective. In Fig. 1, we used a balanced amplified photodetector to detect the probe beam because it is convenient and free from
extra electronics comparing to the detection method of the modulated probe beam and a lock-in amplifier, although the method using
modulation can suppress the 1/f noise. In addition, we proposed hybrid cells enclosing two types of alkali-metal atoms such as K and
Rb*. With the hybrid cell, the pumped atoms and the probed atoms are different, so that the probed atoms are immune to fluctuation
caused by the pump beam®. Liu et al. reported that theoretical sensitivity of the OPM with a hybrid cell reaches 1.8 x 1072 aT®.
The magnetic noise is eliminated with high-performance magnetic shields and gradiometer configuration. The magnetic shields are

1/2

extremely expensive, so that the gradiometer configuration is actively investigated. The best sensitivity of 0.16 fT/Hz'/~ is also recorded

by the gradiometer configuration”. We investigated two types of gradiometer configuration: optical gradiometer configuration® and
differential measurement with balanced response®. These methods can effectively reduce the magnetic noise.

Recently, Limes et al. reported MCG and MEG operated with pulsed OPMs with gradiometer configuration under ambient

12

environment'?, They achieved 15.7 fT/cm/Hz'/? in Earth’s ambient environment. These results suggested that the OPM research are

moving to the next step.
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Temperature Dependence of Specific Heat of EuSn,As,, a 2D
Antiferromagnetic Compound

W. Leel, R. Sakagamil, K. Hiratal, M. Matobal, Y. Kamihara'
1Dep. Applied Physics and Physico-Informatics, Keio University, Japan

After the discovery of graphene in 2004, 2D magnetic materials have earned a great interest among condensed matter
physicists and material engineers due to their fascinating magnetic properties. The 2D magnetic materials have proven
that they are worth of investigating as they gave birth to van der Waals materials or topological insulators. They are the
type of materials that will introduce the new era for information and semiconductor technology.

The previous paper by R. Sakagami et el demonstrated that EuSn,As, samples were prepared from Eu ingots and
Sn-As pallets through a liquid phase reaction in carbon crucibles within vacuum silica tubes." The resulting crystal
structure of EuSn,As; has a sandwich shape where top and bottom layers are Eu, and SnAs bilayer is positioned in
between Eu layers.

After successful synthesis, heat capacity measurement was performed through physical property measurement system
(PPMS) from Quantum Design Inc. As shown in Figure 1, we observed that there was a sudden increase of heat
capacity around 24 K which implies that antiferromagnetic transition occurred. It is noted that the heat capacity of
EuSn,As; tends to follow Dulong-Petit limit at high temperature which means ultimately it would reach C = 3nR where
n is the number of atoms per formula and R is the molar-gas constant. Nevertheless, at sufficiently low temperature,
Dulong-Petit law does not hold anymore. It is necessary to take account for lattice vibration which is involving Debye
model into our formula to obtain a value of electronic heat capacity”, Sommerfeld constant. In the conference, we will
demonstrate a Sommerfeld constant for polycrystalline EuSn,Ass.
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Structure and magnetic properties of metal-ordered NiAs-type pnictides
Taito Murakami, Shin Saito (Tohoku University), Hiroshi Kageyama (Kyoto University)
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Detection of the Morin transition in impurity doped hematite films using spin Hall magnetoresistance
Masaaki Tanaka, Koki Yakoyama, Kazushige Ishii, Kazuki Fujii, Akihiro Furuta, and Ko Mibu
(Nagoya Institute of Technology)

a7 2 H BEEDOHRIR TH D~~~ A N o-Fe03) Tl, BT — A > M2 clii Tz < SKRBEMEN S ¢
15 AN AE < BF8BEE~ DI TH 2 E— ) VEBRERMII CTRIT S, ~~ XA hOE—V ViBIRE
Tl Ir °RU 2R EDBEORWMZ N—TFTHZ L TEAL, BT HEETTD Y. ~~v¥ A MEEE
WEMALUA L br =7 275 ZD RV EHZH N D121 Tw Z2RIRE D +9RE< TH50ERH D
25, JEEE A nm LUF OWEIEECE O Ty OZAL 2 RAGHIE THHA~L Z LI3EEL <, Tu P LD D F—7%%
DYREDHE L. ABFSE IR G AR R BRI IC ) T, RARE O E— A v FOME (T
KAE L CEOI|PUENEAT 2 A B U A= MEKIEIUSMR)ZIER 2% W TR R—7 D~~~ & A iR
DE—Y VEEBIRE Ty OB Z1To 7.

AlLO3(0001) AR IZ Ru % 5 % K—7"L72 50 nm ~~ % A L% YAG 2 (HHEDO L —H —% iz A
L— P —HERRIE TR L, 2D BT A XNV~ A7 HHWEE T B —L78E TR S 25nm @ Ptfifg/ % — 2
AR U72. Fig. 2 OFFARNS RS X 9IS xy Foifn, xz Vi, yz Vi Crlkha o [mlHs, B IElHs, yRIESL T,
0.25 T DI T AN XT3 D[RR o, B, yIZH1T D PtEMOIEITR(@), R(B), REy)ZHIE L.

Fig. 112 200 K~350 K O o [Al#i5DOHKHIZE{L 3 R(a)/R(90°) -1 OFERZ 777, 260 K LA T Cld almlfizz LT
BEHUBEICE(LIT R S 72Dy, 280 K B CIIsNess 2 —y fili 52 6 x il s 2 b 8% & 0.15 %FEE
A RN T 5. Fig. 2120, B, yEHRIZXTT 25 R(90°) & R0 DHFIA L= R(0°)/R(90°) -1 DEDIR
FEARFMEZ RS, o, B, yEHETRTIZBWT 270 K LL ETIEEHI AL NZ(L LTV D, 2L Tu bl B
SRR IR AR TITAMIREIS I3 L CIRITRE S ISR E — A & R 729DIZ, Bk 530k D [El#R

IZPENEBRICH T AR T—A Y ROAENEDY SMRABL L2 L EZOND. BETIIAANTT
~“t& K DWEMERHE ORER & A Tk 5.

BEER
1) N. Shimomura et al., J. Appl. Phys. 117, 17C736 (2015). 2) R. Lebrun et al., Comm Phys. 2, 50 (2019).

‘ 0.15} ' T e %000 0.q-

. 0.15 . 200K A E\_o, —— g’ . L .‘Q

X . - 0.101 "

~ 010 . o 0.05}

o . 25

<) x

X 0.05 =~ 0

<) =

& ® 0.05}

0
' : : ‘ -0.10 : e ' |
0 20 40 60 80 150 200 250 300 350 400
a (deg.) Temperature (K)
Fig.1 Angle dependence of the resistance change Fig. 2 Temperature dependence of “R(0°)/R(90°) —1".
ratio at various temperatures. The insert is the schematic illustration of the experimental
setup.

— 160 —



02pB - 4 45 A AR R EAE (2021)

CoCrPt Bl « R NBAMEERS O E 2z a2 v
TRIGME - TRES R OWEIX - G 2
IDINoER, MissekR, KTEsk, S %
FKH K
Fabrication of CoCrPt-based magnetic / electric force microscope tip and
observation of domain structure of ferromagnetic / ferroelectric thin films using the tip
G. Egawa, R. Hosoya N. Oshita and S. Yoshimura
(Akita Univ.)
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[T N BAMEE (MFM) Z W2 & TR A fifEIAT 9 Z L3RR TH 245, MFM (T2 THEMEEE
Bt TR D T 72 < MORKFRE D A2 6 O <, TREEE - TR EEIEOFMIICE L T\ a e D
WA TH D . KU TIE, Si RERA I AT 2 B & U C, FRHIESC RIS 12 X v fafoféit (M)
BLORES (H) 2ZbsE5D 2 ENTED CoCrPt R BRMERIZER LT, Hx OMKFtEE2H 75
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SyMEE OBIEETIE, WIZAMFMIZE X UEFME 2155 729121, Fig. 1 (@), (¢), and (©) are MEM imae’
ENZ W23 DDEREFO T THIT00 emu/em®FRE DM A AT 2EREFD K (b), (d), and () are EFM images of
HLiE L TCWDZ ENbo-oTz, FEE T, 900 emuw/em® DEEE VT (BiLa)(Fe,Co)Os film. (a) and (b) are

S e - s prepe Sy . . observed by tip with 500 emu/cm?, (c)
BUGE LZZEFMEBOAAIIZ SN T, AR S Tofidh & e - 72 RIS and (d) are observed by tip with 700

WTREF LZERERDBRLETETHS. emu/cm?, (e) and (f) are observed by tip
BEXH 1) M. Kuppan et al., Scientific Reports, Vol.11, p.11118 (2021) with 900 emu/cm?.
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Magnetic properties and crystal structures of organic-inorganic layered cinnamo cobalt hydroxides
K. Saito, K. Ichimura, A. Yasuta, T. Kida*, M. Hagiwara*, and Z. Honda
(Saitama Univ., *AHMF, Osaka Univ.)
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2V MK b AR L. pH FEEIZ L0 8 O RIBEZ AT,
ERF

g = /3L b & cin KOV OFFELR Xein (X = 4-Cl, 4-CHs, 4-NHy)
DTH ) — VIR & SRR T CMECT 5 2 212 & 0 AR
IKEEA) DE R A T I T, BOGA R OfE S & D[R E T AR X #
[B 37 (XRD)YE. 75187+ TEMEE (TEM) & F UMLK D[R E 12 R 7S8R -
BN BEE AT T 21T o T, F o, IR & T HE T ROR R .
B TSR ORENE T o To, & BI0, 73/ BRRER Lo

4 6 8 10 12 14 16 18 20

L MKER () 2 ZKBEK R TR T 5 2 & TREREEZ R T, 20 (deg.)
EE B Fig. 1. XRD and TEM image of the layered

il = )L b & & cin 558k A2 = &%  — /L 100 °)CTHMEL L 7=
&2 A, XRD BRI 2Rk T _— Y 2 A R &5 7-(M 1), TEM &
(21X XRD [EIT#R & — B3 2 @ FRK 20 A lZH Y 9~ DRk 23 7 &
Nz, Zhidcin 3 FOREEBAADKI 2L 72->TEBY, Hi4E
WHERR 2 i IR E ENHREENRIE Sz, & 512, MK XRD
FIZX Y ERENREDOREZIT> 70, TORIE, CoOs AN
R B LTEETHDL ZEPHBA Lo, 20D OSROREKH
ExToTEZ A, WTIHIRE 47 K DL T CIRE O & LI
(ERA AW L, IREE 2 K ORI IEIEH 12K X AR . ' H (10 kOR)
OWERIEN R SN (M 2), S blc, 73/ ki@ = v kok  Fig- 2. Magnetization M vs. magnetic
B % B A Ol LT b = 4 F L AL HIS %R LT = & feld H curves of the layered cinnamo

MRS S 5. Y F A B cobalt hydroxides (O: Co(OH)12(Cin)os,
<1 Co(OH)15(4-NHzcin)os)

4-NH,cin |

4-CH3cin

4-Clcin

Intensity (a.u.)

cinnamo cobalt hydroxides
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PR B ER SmFeAsOq.77Ho 14 DA MEE

Jabrt, SRR, Y% IER, MRE—
BEIEFRFAN T BT BRI LR
Magnetic Characteristics of Iron-based Superconductor SmFeAsO¢.77Ho.14
Takuya Kawamatsu, Ryusei Hotchi, Masanori Matoba, Yoichi Kamihara
Department of Applied Physics and Physico-Informatics, Faculty of Science and Technology, Keio Univesity
1. IICBIZ
BRI TR LN T CESEID 0 IR 584 T, BEEMASCEERIISHINTWS. SR O 8
RAMREAR SmFeAsO1Hy (F, SmO J& & FeAs N A E L o TG 2D, KFAA A2 F=TF D5 L%
U MNEROPGREMEAIZTH L, 55 K LUF THRIREMIZ . KBRA AV F=TBZBOEF 2T
&, BRETBIRE 2 112 2 LN ATRE L R DFIRA H 5. LaFeAsO HI R DBURERITEAEIRE 23 7K L5
LT35KIZ72 BN, Fox (3308 SmFeAsOo 77Ho. 14 DBEKBIEIC LV, Z OB ORSERE L 2 5 L.
2. ERFIE
FUBHO A BRI Sakai DT IZ K DL BUEHZ SV TR B TG CREKIIE 21TV, 5K 225 300 K
23T 2 WU IE Hi#R(M-H Loop) Z#lE L7=. 55472 M-H loop 725, #K4E Bean €7 /L% HTER S

B o) % BT 50, am=S2(1-52) O

20 3¢

ZZTLHOTEREIOEL & DO S (mm), AM X M-H Loop D&, Joq & J i EE1LEI 1t J7 18 O g FLE it
BETHD. EHHREBE B ZHVTHEROE v 1kd ) F, 2R+ 5, F,=].xB )
3. %ﬁﬁ%

Figl 1Z 10 K (2315 % M-H Loop Z /<7, THIEGEAMESZ 1T 159 kA/m & Red7z. £72, 70 K O & & FAREM T
HDHEEZLNDN, EED M-H Loop OHITERERIL 100 K 82 TH HREMALEZ R TR B S iz
(Fig2). ZOHER N T L BAFDO EH 51 tl#éﬁﬁf?ﬁ THET 5.

100

10

{
!
{
!

o
=
T

]

&
)

Long Moment (10" emu)
Long Moment (10 emu)

100 - V. e e—teh st et d el 10 A - A i A - A - A - A
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Magnetic Field (kA/m) Magnetic Fleld (kAim)
Figl. M-H Loop of SmFeAsOo.77Ho.14 at 10 K. Fig2. M-H Loop of SmFeAsOo.77Ho.14 at 100 K.

B R

1) M. Miyazawa et al., Appl. Phys. Lett. 96, 072514 _1-3(2010).
2) Y. Sakai, Doctor thesis (Keio Univ., 2015).

3) E. M. Gyorgy et al., Appl. Phys. Lett. 55, 283-285(1989).

4) H. Basma et al., J. Supercond. Novel Mag. 32, 3065(2019).
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EuSnyP, D 2l i & il
Bz, WERIY, MR —
BEHEFE R PP LA WP RE LR
Synthesis of polycrystalline EuSnyP,

by
Zihao LIU, Ryosuke SAKAGAMI, Yoichi KAMIHARA
Dep. Applied Physics and Physico-Informatics, Keio university, Japan

i

)

Goldsmid & Douglas (2 K& % BixTes BAEFOBHZE VLK, 60 404 1, H & H 5 L 72 BV A H O F
TN M B DR AALRET Y 2 — /MBS E R E LT, T 7 70 i A O M BHE R 2 2 5
ENOSITF TS, M MR e PhERIEE L TOBEOE I ONWTO#Em D H D 2R TT
REMEAR BuSnoPns 1%, BVEAMMEIZ DU T Sakagami 512 K 0 i & S 4072 49 EuSnoPm 13, 8 IR A% E
%l D pZERIEED R3m CTd 5 s, vdW fA 2 AT 5,8 LW, INLE -5 %G9 5 5T, BioTes
DL & BT LA RT. ZOBIRIEAEWIZE W TIE, INLE T T K % BVEE SR
NEHIN TN,

ERFH

Eu lZIEARE, HE S CTWA T2, EHIEM, 7 h CRERES L, ZOXREEX LT AT
TRERY, 7L FRHKOGBN~BELCHEA L. BuidsRy AV 2H0nC, BELL
72, PhiZ, D HIekc ABTERLEONIZPBHERE, Sn k%, bFELETSn:P=1 @ 1
2725 X 9IS, 230, Sn NP OAFOE RN 0.6623 g12705 X HITHEL, HD ) sk T
BE - BEWE U7T-. Z DO MIE 20MPa O—#lNE TS v MRICEA L, Sn-P <L v F %87 L% &
AT EuSniP=1:2:2 725 £ 912, SnPXL» M& Bufi &, I—ARr 520 FRNICANT. 2
HOVEEIZBNTIT 2. BN HEMAY h—R o D0 E & FHH T AEPNITHEHZEE AL,
ESLBE U 7. BB, e 7 AEEFID  REIAY h— R B2 F WO L. 2hae T v
SETEBE N TNXEY , FEL 2RI L7 810 HE el i %, 0 5 3Lk - LR Tk
L, XRD I LFHFIE L 7.

S

Diffraction intensity(kcounts)

snl | O e ey | I o O T
POl U AR A T A O O AR 10

snof T 11T 7
EuSnP 1 YA RN L O

2 o
0 % # % e 7

0w
20 (deg.)

Fig.1 XRD patterns of EuSn>P> samples. The vertical bars at the bottom represent calculated positions of
Bragg diffractions of EuSn,P»
Fig.1 1345 G ALK XRD /X Z — .
B 3R
1) H.J. Goldsmid and R. W. Douglas, Brit. J. Appl. Phys. 5, 386 (1954).
2) L. Hang etal, Phys. Rev. X 9, 041039 (2019).
3) H.-C. Chen, et al, Chin. Phys. Lett. 37, 047201 (2020).
4) W ERIT etal, MELORFE T 55,72(2018).
5) R. Sakagami, et al, J. J. Appl. Phys. 60, 035511,1 (2021)
6) Xin Gui, et al, ACS Cent.Sci 5,900(2019)
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RBEHA A F—EEIIcE o]

IR R A S OHSEY « 112RIRE O f#T
Offcie BEAK ', fllF #EF ', Alexandre Lira Foggiatto', 32 B '\ =& TF % /i EA!
VREASGET., *WH - MR R
Analysis of magnetic and mechanical mechanisms of ferromagnetic shape memory alloys

based on extended free energy model
(M1)Shunsuke Sato!, (M2)Ryohei Sen’i!, (P)Alexandre Lira Foggiatto!, Ken Masuzawa!, Chiharu Mitsumata?, Masato Kotsugi'
Tokyo Univ. of Science, NIMS

G IR LA S (FSMA) X B EZFIHA L 22 A L F =M EICH Y | 10T EERD £ v 5 —
RT VFaT—R— %X WHEMEIE LTHR I TWw 2, FSMA OREEMSRIL. 61 - 35 IC X
=T I A MHMBA TREEPBIERAREI NI BERE LT T a2, Z20—77T,
EROMERICIE, BERNAEA LWLOBERMESL T TR, w7 V3 A P & XS Ot
FHAR D BIGRYE A EE & 72 2 25, (HHAHAR O b 1300 D TR T E BRI N 23150 T,

Z ZTAMRECIR, IR A B A L F B v
"Cf)ﬁ*ﬁﬂ"]fiﬁfﬁ E*ﬁf&lj L E*}% E’\JﬁﬁﬁZi\H’JIZ }‘/;\:\\ @ﬂjﬁ Magnetic Domain Magnetoelastic Energy High
MR & G A 72 81, R ' 7 VIS IRAEM FiIc AR A v ¥
— %l T 2 O TH Y, = RT Vv bkERY
— (PH) ® 7 —V xZ:H (FFT) Tl L7 R off i %
FUAZE R L LTI 2, WF9E Tl Fridce & U = 4
N F—DOBIRMEZMNT L. FSMA @ X 71 =X L fifihT % i

BTz,
WF5E TR FEM 72 FSMA ©—2>TH % Fe-31.2at%Pd % .
Magnetic High Energy

W ic, Landau-Lifshitz—Gilbert (LLG) 5250 & Befilfkfs | Moment Defect
@ Ginzburg-Landau (TDGL) AR % fH A4 &b & g 55 =
HrarX¥—2HEGLANL, WEMEL LT v H 4
MR AR L 72, St U C BRI —hiG ) & HIN
L. —#o7—%+vy b 2%, YT PH, FFT
7R EM I 0%, ERS 0 TRITHI Z 1T - Fig.1 Relationship between Magnetic

7z domain and Magnetoelastic energy
Fig.1 IC FSMA DR [X i & g5 = 4 v ¥ — o BifR
NS o WEDAREE O TERE AL M L ¥ — D i\ T High
WEMGLTH Y, BEOMERREZEL Y IalL— _
PCETVBS T EAbA B, =0
L EROT I X B KOCHIEAG R % Fig2 IORT, % & | o Moy | B
R SR OBCT 3 fHIBIC A T h, MR o e £ ; i
Y CHIET 5 T L AT E B, E IS DRI (] ; :
PH @ PC1 #85&/0 L. FFT ® PC1 54K T 3 & 5 et £ Cf;f E
LT3, & ORI, PH CHEERF MY T 2 0+ '%/"\ 5
BROWMDY %, FFT CRIFHEO A F 7 4 7ROBKHD = | prp o and Bnergy bave = I
ZlbE LA TS C L 2 E®T 5, X b discontifuouschangdy )
St A F—DZLL b LG L TS LOWII
AKHFFE Tl PH. FFT LU PCA % il &b ¢ 72 fRHT Ic P Istprincipal component

L 5T, FSMA DRESINT « T HIBERSIC 3 1 2 il X MG

&R T A ¥ — 2 WIS 72 = 4o F BRI X 5 Fig.2 Dimensional reduction results by
s S ATHE & 70 O L S, SMERRES EVIN - FEAPRL 2 R principal component analysis

& L7 AR 5, (Each axis of the plot is 1% principal

components of PH and FFT, colorma
[1]A. Sozinov et al, Appl. Phys. Lett, 102(2013), 021902 PO elastic o p
[2] Medha Veligatla et al, Acta Materialia, 193(2020), 221-228 is magnetoelastic energy)
[3] T.Yamada et al., Vac. Surf. Sci. 62, (2019) 15
[4] Y. Ge et al, Journal of Applied Physics, 2159(2004), 96
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YR T AU BRI RV —ET L& VT

YIG DRI TT A T3 = R LRHT

YR B, BJRAIKRER, ZEEBR/K Alexandre Lira Foggiatto, —f% T4, /IMidE A
CRELERET, W'E - OB TERAS)
Analysis of the coercivity mechanism of YIG based on the extended Landau free energy model
Masuzawa Ken, Sotaro Kunii, Syunsuke Sato, Alexandre Lira Fogiatto, Chiharu Mitsumata, Masato Kotsugi
(Tokyo Univ. of Science, NIMS)

FLHIZ

BRHBHEORE LY K AR, T—F — DTNV F—EWHR R EM T DR A T = X L O FfiE
RO HNTND, ERESNIBALRERIC BT 5 = R X =IO S L BRSIT BNRD D, kDT 20
ARG AT & LTWD 72, EMEORBE BT 5 2 L NEEE o7, RIS, AR AR
WEEEHRMRERE AT Y ADORBRMENRRER TH D Z L BFINT, RGN A I =X DIIRIETERITEF
STV, Z 2 TAIFIETIE, BKEED AR —MEZ I 72208 6 b b RERBLR 23 ATRE 722, THX
R XU HBHTRNFX—FT V] ORGH RS, R TIEEME~DICH 2 E 2, BXAES O
R E T R —HEE, S BT/ 8—V 2T > baREr U— (PH) 12 & 28 dhH & a5 0T (PCA) 12 &k Bk
BT — & OWRTEHIB AT WY, = 3L —H % fill L7z,

REBRAE

FBRIT, B7pDBIEE RO BL BHEET — % v b (YIG) ZXIRIZ, Kerr BHfMEE A I\ CREX S O
ELRESHRAFIE DT — 2 Z2 A5G LTz, &% OREKAEE BN D, ST XX —INA HHT 2L F—0 2 ff

BAFM Uiz, £72 PHAREHT & PCA 2 W TR % 2 IOTICHI T 2 2 & C, BEXAEIE & b isimfe & &
Pl L 20— OIS BEAR 2 T AL L7,

Coercivity
ERER S 9 SN?,
| y IEYY SV
S5 ﬁ%: &ﬂ
. ¥ J{_ ‘|d:|: = N /;\3 - /4—< a ‘ }/;
FiL 3 3 MO VI ORRIET s pbBoNRE 2%% pE ¥
P RLF —HE T B, PCL L PC2 IFEVCEAT B~ 240 [rm] 320 [um] 475 [um]
0\
Th 0 XS OWAEER DR EE R L TV D, WTFhoik \\\'//j\)%
BHCH RN, AR, RS OBMEEIRIZ R B RERY 72 T — Nucleation

B L 720, RRESIEEIC PCL ORI E LTEBE SN, 1?@
IR R L X — MBS £ OSSR R L — M % SE UK

FRAT L 7= SR, AR TT R 5\ T 72 R L X — [SRE 2 &@ﬂwn:%////////
0

MBS 5 2 &N TETZ, & HITAS T F L —IHITH A PR }\\V//////xf‘

LTH Y, BEIBIRZELICR U T = A R — D RZ TR Qo w0 B¢

TWD ZENABNL TR oTe, RFEIIRBEA A T =X LD
PRICHBRTX 5 LHIfF S D,

BE R
1) T.Yamadaand M. Kotsugi et al., Vac. Surf. Sci. 62, (2019) 15

Figl. Expanded Landau Free Energy model
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NEARRY T — & it 2 T

WAt SR FE D 4348 & hidden parameter DHHH

B H-BIKHR, Alexandre Lira Fogiatto, —{=T-F&. /Ml E A
CREERJeE T, WE - MEHIFTEREns)
Classification of magnetization reversal process
and extraction of hidden parameter using persistent homology
Sotaro Kunii, Alexandre Lira Fogiatto, Chiharu Mitsumata, Masato Kotsugi
(Tokyo Univ. of Science, NIMS)

[FCHIC

FRt rlREAL S OEBLUZMIT T, AV hu=J ZA2FH Lc@ERBET A A0, EXHBEOET—F O
FENEALDFEE IR D BTV D, BALIRBISUE, (At A E S HESCEEOMGIZBWTEETH Y |
U a R &~ 7 v e SRS O BRI O BRARIE. 3L D DORERED R EF E THEER R R TH D,
UL, B KA OBME 7R OIARAR >,  BUR 7 SNERES I E O TE BAL SR EE72 7280, BIE £ TRALIER A
S X NIEEITHA I TV e o T2,

o CABIECIE R — 5 AR TDA) A L o) IR

AT AR B BORRARAT TR O BT 2 3% 2, TDA MR AR T @ e aaiaie | |
(B BHHE /=227 > bRER U—(PH) IS .. L R R
T et EERIEL, Bbhis ik T VT s n iy Stab;:"‘. Vb b :
P & O BIRPEZ R IS &> TRREET 2 T4 fibT T T Saturation Nucleation  Coercivity Persistence Dlagr;;;‘ =
oD, BHFE TITHHE R X AEZEIZR LT PH Z IV CE & v
B S U % IV CRE LS IEB R0 R AT,
Mapping on the original data gh—= (&) Metastable
SEER of obtained by learning éz TN \“%
FBRO U —2 71 —% Figure. ] IRT, 9, M7 i
MECcH B N—~1r 4'0’3’)’%%%0:\ LLG %z H\WT2 & E-. Nuclef‘atiun "§Iti:estahle
HORALKEERIRO S L 2 L—3 2 V& 170, KR 4 ) e T
L7z, &5 IXRTLER (2 PHIZ K DT 21T\, Figure.1 Workflow of this research
Persistence Diagram(PD) %t /) UEEEFZ IR O R H 217 - 72, 10 Metastable
B oI PDICK L THETR LIS RO TH2ERAD | o e S H V'
Fr(PCAYZFTVN, 2 IRTTICIRTEHIB & 1T - 72, 5 Branchiofs, Q % | %5 ’{ }
g ) reverfal prgcess",.-.,# . - PY E 7 N |
KRR £ ey CEL S| W2
Figure.2 1. PCA CRBNIH LA LB ERAOEAE 3 o@) o, 4% o & | | E
TRENDEARE TS, AFEE Y BLREBRARR ) SRy Y0 T, 2
BEBEC BT 5 2 & AL TE 7, S BIC, Branch(FAIC 27 Bty -%‘ g Stable
B DD TR IS D2 B2 IRREN I TR SN DREX Nucesfion  TACogrelity | |
HEE DR % IAE ST 5 57T % = L VI Lz, 4 H I T By
PH 7> & fili Y & 4172 hidden parameter O FRAY 72 AU BE 3 5 3% Ist principal component
WWEAT O, Figure.2 Dimensionally reduction result of
domain structure change. Magnetization reversal
24 process branches due to slight difference in
1) T. Yamada, ef al., Vac. Surf. Sci. 62, (2019) 153. domain structure in pre-nucleation.

2) L Obayashi, et al., J. Appl. Comp. Topo. 1, 421 (2018).
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BRICFREIZ L Dm0 b7 =T A b EE O

T, I HESE, MR AT, afE M
(RMERR, *HUEK)

Characterization of cobalt ferrite thin films by magneto-optical spectroscopy
Shihao Wang, Masami Nishikawa, *Hideto Yanagihara, Takayuki Ishibashi
(Nagaoka Univ. of Tech., *Tsukuba Univ.)

HJE B
H>R

a0V N7 =T A MEBE, R E OB TFAREAICEIVAELDIETERCLY, KEREEBEKRE ML
RTD, ZOXRIBRBEIZLDIERBESTMHE RO A D= AL, ZvE THGHEICTFRINTWD 208, FEh
BICHRGES 2 BN D 5, £ 2 THEL MgO00)Eatk FIT/FR ST 72 DB D 2 -5 CoorsFer2504 (CFO)
HEEIZOWT, FEET Y AOEMEITO, WEEY A MId D Co?'(Td) & N\FEHES A MM D Co* (Oh)
(R 2B OV TR L 7=,

ESWapiy

CFO M, SUGHE RF ~ 7 % bu v A8y # U > 7 k% VT, MgO (00)Ep bIc/ERL L 7=, CFO
Dt A I & BEARRIE IR, XORRIEIPTHIEZEE (Rigaku, SmartlaLab) & SQUID-VSM (Quantum Design, MPMS)
Z TR L7z, BEROEF A7 MLVORIEIEL, FRCETREE AW~V TFF ¥ o RIVERIGF AR
fa A —2—=I%fEH L7, BEOHEFMIL 059~3.5eV & Lz, FERT > YOS, 556
T 7V A =% (M-2000DI-YK, J.A.-Woollam){Z & {#lliE & . Complete-EASE Z JHWN/ZfRATIC L » TRz, &
HIZ, FBEET Y NVOIEARNRIIE. BONTdARI L7 7 77 —ElEA AT R LB LUREH AR
7 MIBRDT, FFONTZARY MVET AR TT 4 v T 4 T 218502,

ERRER L EE

Fig.1 {2 1.0 ~3.5 eV OHiPHICE T 5 CFO MIEOFHERT >/ VIS

FIAD K ey, AT FNVOERIEE 7 4 v T 4 7 ER~T, 74

o Experiment |
--- Fitted curve

0.04
v T 4 BT, 3 00N TFEBEEXDH LT, EREL KL< £
—HLERGEONT, T4 9T 4 Y TIHNEANT A—=Z RO — 1
OF =
7 DIFJE %, Table.l ([TF LT, 1.77eV & 1.86 eV O B — 7 |3 dh
-0.02
B5(d-d)iEF (Co*"(Td) *Az2-*T1(P)). 2.02 eV D — 7 [ LEMEENCT)E e
12 15 18 21 24 27 30 33
*Z <C02+(Oh) - F€3+(Oh)) &: J: E) IE) @T&) %) & ”:%?_ % j/[/éo %i,%’:ﬂﬂ:/)b A Photon Energy (eV)
TN A i&lﬂ:l:ﬁ‘ % ?’H/ﬂiﬂf&) %, Fig.1 &, of CFO film and fitting curves
~ Table.1 The fitted results for &, of CFO film.
7y = gu (S 7.2~ NN = w o Amp. Transition
ztgﬁjba) DBci\ JST éﬁﬁﬂ:j’b r%%ﬂﬂﬂ&\—%ob \71:_. 77 (EV) (xlo—Z ev) (><10_2) assignment
A A ORI R E OfESL ) OB AT TT — — e
bz, £z, =V 7Y A—=F X HRFREE, IR KF ' ' ' C0?(Td) *As=*T}(P)
2 1. 2 1.34
BRI T7F v k7 — 212 & D Fbl L7z, oo ’
30202 39.38 7.54 C02*(Oh)-Fe3*(Oh)
B CHER

1) T Niizeki et al., Appl. Phys. Lett., 103(16), 2013, 162407.
2) J.Inoue, H. Yanagihara, E. Kita, Mat. Res. Exp., 1(4), 2014, 046106.
3) S.Wangetal., Jpn. J. Appl. Phys., 59(SE), 2019, SEEAO02.
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A 7=kt~ ) v 2L L
F 7T = 2T —EEOBK TR ER

M B, o3 ORER2, K RACS, A A, AR (!
(BRI !, BORSEuRAIE 2, BEIGRS: 3, AR
Magneto-optical effect in nanogranular films with epsilon near zero matrix
Kenji Ikeda!, Tianji Liu?, Yasutomo Ota’, Satoshi Iwamoto**, Nobukiyo Kobayashi!
(Denjiken!, RCAST, Univ. of Tokyo?, Keio Univ.?, IIS, Univ. of Tokyo?)

ITLEHIT

F 7T =2 7RI, EREO~ N 7 ZARITHEMESE T R A B ST EEE A L TR,
SRR E R T ETHLNT WD, Bx DI N—T1E7 At RT ) 7T = o 7 —EReE R R L
VOBERRTZ7 77T RERTZEERMLE 2, 7/ 7T =2 7 —#IRICBT DR E BRI R,
< MU v 7 ZRERBEOBIERFOMKE— AL FBRZ A 2SR5 2 EICBRTS EE2 615 2, T
)77 =27 —ETIE, v N v 7 ZABLNF VR FIEREOMEIZHWD Z ENTELTD, v~ U v
7 AMBHCFBRDEDIIITIEE Il DA 7> r =781 (Epsilon-Near—Zero : ENZ) M k&5 L |
HEROKAR S DA FENICE R &35 2 & TR FIRP BRI N D ATREMER H 2 EHEHITE 2,
AR T, RIMVBIEIR R ENZ S22 )/ 77 =27 —flEOFRAZ Br & LT, ENZ MBI Th
5102~ b)) w7 XL LT/ 7T =a T —@HROERE G Lc, AHETIE, Co-IT0 7/ 7 F7=27
—MED, FERLT 7 7T —HROBERR SOV THET D,

LR

T 7T =27 —@RIE ITO Z—7 v MZ Co F v 7 H2RE LILEEY—7 v P2V, Ar FHAICE
WTPERL U 72, plBHT 400°C DAINEAGRFHA TATUV Y, IR 25K 700 nm OB /ERL L 72, K5A4H%1E L XRD T
fEHT U b ifRIx VSM CIlE L7z, 7 7 77 — 2 o X7 7 7 7 — 2 RMlEE#E (NEOARK, BH-
501F-SVD % TRl L 7=, MO FE @R IL, /e FH(Shimadzu, UV-3150)& AW CHIE L7c, HFE
x> Y 7 A —H (Horiba, UVISEL-Plus)(Z L B fi#HTIZ L 0 sRed 7=,

EXTI T

Co-ITO F/ 7' T = 2 7 — DO FBROWWEMAFIE % Fig.1 1R T, 5 EBRO AR (EE) A 1300nm fF
HTERERSTEY, FIANBERERICENZFHEEZ AT 5T/ 77 =2 7 —EPMERS L7 2 L D3R ©
X%, Fig2lZ Co-ITO 7/ /T = a7 —#IED 7 7 77 —mlisf O RAKFEEZ /RS, ENZ EEEFHIZB N
TSR Y — 27 2R TR GO

23, ENZ J E12 5515 5 Faraday 2RO A 2 1 Cotn0
EIRHERIIHR S N0 T, SEIORE 3 Sos
Pt ENZ WRICHIT SHERESK £, g os
X2 L (Figl BIR). BEEOFA K £ i
DSBS NZ & D2 ERNEEL TN §4 %M
b L HEHITE B, + [anm e
% 2 Co5In35ns0ss s
AHF5E1% IST CREST, JPMICRI9TI e et ||| D e

¥ Z O ISPS BHFE: 20K03843, Fig.2 Wavelength depend
. o Fig.1 Wavelength dependence 1g. aveleng ependence
20H02468, 19K21959 D 25210 7= % Ofg permittivify Ofp Co-ITO of Faraday rotation of Co-ITO

DT, films. films.

Reference
1) N. Kobayashi H. Masumoto, S. Takahashi and S. Maekawa, Sci. Rep., 6, 34227 (2016).

2) N. Kobayashi, K. Ikeda, B. Gu, S. Takahashi, H. Masumoto and S. Maekawa, Sci. Rep., 8, 4978 (2018).
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Polar Kerr activities on surface plasmon system consisting of CoPt perpendicular magnetic films
H. Yamane, S. Yanase, M. Kobayashi*, Y. Yasukawa*
(Akita Industrial Technology Center, *Chiba Institute of Technology)
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The dynamic magnetization of Bi:YIG thin film by measurement of Faraday effect
S.Yoshida, T.Takase, K.Yamaguchi
(Fukushima Univ.)
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1) E.Pinotti, M.Zani, and E.Puppin: Rev.Sci.Instrum., 11, 1-14(2005).
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Study of vibration power generation using ferromagnetic superelastic alloy
K. Ozawa, S. Hashi, K. Ishiyama
(RIEC, Tohoku University)
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Fig. 2. Optical micrograph of Fe-Mn-Al-Ni alloy

L7, A3, MERE OGSO &/,
il S 72 & 2 B T CRMi 5 TE TH .
i

AUBHE L2 5 NS TBYE &2 W e I2W T BB R R
Fht LR R T v T 0 T LR RS
T8, RARBIEERE:, FFRIBICEHT D,

BEXH

1) K. Takeuchi: J. Surf. Finish. Soc. Jpn., 67, 334
(2016).

2) K. Ozawa, S. Hashi and K. Ishiyama: “Study of
vibration power generation using ferromagnetic
shape memory alloy,” Annual Meeting Record I.E.E.
Japan., (2021.3), p.107.

3) T.Omori and R. Kainuma: Materia Japan., 54, 398
(2015).
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Magnetic flux density change of grain-oriented electromagnetic steel on vibration power generation device
S. Fujieda®, T. Okada”, S. Hashi™, K. Ishiyama™", S. Suzuki™", S. Seino”, T. Nakagawa", T. A. Yamamoto”
(*Graduate School of Engineering, Osaka Univ.*, Faculty of Engineering, Tohoku Gakuin Univ.**, RIEC,
Tohoku Univ.*** uSIC, Tohoku Univ.****)
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1) S. Fujieda et al., IEEE Trans. Magn., 50 (2014) 2505204. Fig. 1 (a) Schematic illustration of setup
2y LEFiE, AAGEEAAH £TYH 59 (2020)6 to measure vibration power generation
B o PPN ' properties. (b) Peak-to-peak value of
3) R i, AASERESSW ETYH 56 (2017) 27. open circuit voltage Vp.p as a function of
4) F. Osanai etal., Proc. 24th Soft Mag. Mater. Conf., (2019) P-071. surface magnetic flux of magnets.
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Design of nanocrystalline soft magnetic material with large magnetostriction
K. Sano?, T. Tomita?, C. OkaV, J. SakuraiV, T. Yamazaki?, S. HataV
(PNagoya Univ., ?Tohoku Magnet Institute Co., Ltd.)
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ERER

Fig. 1 QI & 912 WAL ZRITESLER L O _EFITEWED U BEG OEITIN AW EBIZ I L7z,
RIFILT BV 7 7 AR D ORHIAE O HITER U R E IS XL D a-Fe /s OBLAIZ X D
LD THDHEBZZBIND, Fig. 1 (DI RT X HIT, WBIZ X DB EIT 450°C DL E ORI L - TR
DU, W OHINZ X > THRD Uiz, fiE L X BREFTOFREENG T/ fEmbic 260 Th o | %BHE
1T VLRI C K D BB R O OFEIZ L DBEENEOH O L ADRAITEKNT 5 EBE L, Fio.
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Fig. 1 (a) Magnetic susceptibility and (b) magnetostrictive cantilever displacement dependence on annealing
temperature and magnetic field for an (Fe-Si-B-P-Cu-C)ig0xAlx (X = 7 at%) thin films.

B 3R
1) A. Makino, H. Men, T. Kubota, K. Yubuta, and A. Inoue: IEEE Trans. Magn. 45, 10 (2009)
2) Ming Liu, Zhi Wang, Yan-chao Xu, Ming Yue, J. Appl. Phys. 117, 17B729 (2015)
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Effects of local magnetostriction in nanocrystalline soft magnetic
materials

H. Tsukahara®?, H. Imamura?, C. Mitsumata®, K. Suzuki?, K. Ono*®
'High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan
?National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki, 305-8568, Japan
#National Institute for Materials Science (NIMS), Tsukuba 305-0047, Japan
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Structural, Magnetic, and Magnetostrictive Properties of Fe-Co Alloy Films Prepared by Electroplating
Yuta Nakamura®, Shunsuke Aketa?, Hikaru Kondo?, Mitsuru Ohtake?,
Tetsuroh Kawai!, Masaaki Futamoto?, Fumiyoshi Kirino?, Nobuyuki Inaba3
(*Yokohama Nat. Univ., 2Tokyo Univ. Arts, *Yamagata Univ.)

[FLBHIZ Fe-Co AT R = fafifdfb 2 T REVLIMBEEMEITH Y, ZTORBIIMEE v OBR A~ v
R EDOTNAZATHWLNTWD. £z, Fe-Co &4&1d 104 A — X — DR X REEZFFOZ LA
HNTEY, %, BEMEIE LTHEESIN SO 5. ICHEMICE > TEvA 7 B XA —F—F—X—D
BEENER X, TOX I RGE, HoZKICLDIBERRNENTHS. ZNET, x> X LM HE
TECBERFFEIC T TRENTRO N TV D Y2 KR TI, BEO - ZIEICEY, Wik, WiRE, Ei
BT P OSME A BN E L ST, Fe-ColEATER L, HE, BR, WMEEEE i,

EBAE NPV KOEPERE LA TZERD > &

s NSRRI I, BT Fe MG AR Table 1 Bath compositions.

Cuti b3+ LTk Y, Culsl RICEEKREZIT- 7. Chemicals Concentration (m0|/|_)
O o XIROMBIA RSy & RE % Table 1 1ZR7. 7= FeS0,-7H,0 0.2 (1-X)
Vg (CeHgO7 » H0) HR—R & Lf:‘{ﬁ\‘ﬂ:, i £k (1) C0SO,-7H,0 0.2 x
LKkFu¥r (FeSO, + 7TH0) & Hilg = ~v R (1)K Fnd

(CoSO. - TH,0) &M%, HAALEZHZ LIz LY, I NaCl 085
KELR 2 2540 &S 7. HEREARIT I I3 X R i, A CeHO,-H,0 0.05
FRE I IXBURHR BV RS 1151 2 F T2, BB ReE I £ C;H,NNaO;S-2H,0 0.02
HYRRIC L72sBHZ N R 2 EIIN L, £ 0RO £ 1) &
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MR TE 5. £, Held
Co SO fevs, sl Fig- 1 Dependences of Co concentration in bath on saturation magnetization and

TWB T LRI G. Y coercivity of electroplated Fe-Co film.
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1) T.Yokoshima, K. Imai, T. Hiraiwa and T. Osaka: IEEE Trans. Magn., 40, 2332 (2004).
2) T. Yanai, K. Mieda, J. Kaji, R. Tanaka, A. Yamashita, T. Morimura, M. Nakano, and H. Fukunaga: AIP Adv., 10,
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Influence of Annealing Temperature on Structure and Magnetic Properties of Pure Fe Ribbons
Y. Endo, X. Ma, R. Umetsu, T. Miyazaki, S. Mikami*, T. Hiraki* (Tohoku Univ., *TOHO ZINC Co., Ltd.)
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R ORHTIR O#REEE A4 O FERRE LED DT\ D, AR T, JEEM L2 2 &
IZED, WEROTENT 7 AGEERFITHAT X B REZZH L7z @il Fe HHIZHER L,
ZIH OMHIZ BT D & BEKEFEOBULERIZ X D RIZ OV TIRET L7z,

EERA K

JEIEAN T U 72 5,10 38 KLUV 30 um JE DO MU Fe il 4, A0 7 AFIZEZEE AL 1273~1573K T
—IRFEOR R U CEMLER - i U 72 . BMLERF#% O S MU Fe i (2361 2 6 i & 13 XRD 35 L TVEBSD
ZHWTEHMI L7z, 70, XEEX VSM, 725 A ha— 7{£ ié%ﬁﬂ}izﬁl%ﬂ%, éﬂiﬁ

BRFE L 7= s ARt & VA VTR L 7=, -

BRELUER
Wi~y 7 (1) 6bnd k9T, BHIRE
DOEINC & b7, fEd AL (100) #chdia (/ND)
Mo T UHE AR &R oTn. FTe, BRI EVLERIC
KO FEIED BRI, S HICHRI~EZ kL7, Th
S DFRERDD, FE Fe ﬁ_%@%ﬁm’ FEIEI £ 5, FIG. 1. Inverse pole figure map of 5-um thick
(100) Bllf 2> MBS £ 5T 2 KABLAIASZAE LTV pure Fe ribbons with various annealing temp..
HZENbrol, K215 um [EOEHME Fe #H(C E3pr 1T
BT 5 b @nM) OBLELE 2 K 5B TH 5.
4aM TV DB A Z T TIRIE—E L 72D, Fe DA
VT MER16 T EIFIF—EH L TWD. T OfERITELER
(2L D Fe BRL° Fe B2 EDOBBTZNEZ -
TWRWZLEEERL TS, £, K 3 TR
FEDRIe 2 5 um JEO EHE Fe 28T D1BREEED NI BT B
JRB R T dp 5. BRERIT, BVLERIR KA, 0 el Temperate, T ]
MHz fFir £ TlE & A E2ET, BERPMmsl STy . : o

N . FIG. 2. Change in saturation magnetization of
LbDLEZLNS. £To, MHz LLEORBIHH Tl 5-um thick Fe ribbons with annealing temp..
BHRITDTDH DD, ZOfEILFe 2T E/LT 7 A
BRI R TE L Rofz. ZOREIE, ElE Fe
AT ST O BRI AT 7 A ZANEHTE D 2
EHRREL TS,
HEE
AW O —EIL, FHFEPRERPIREEE (JP19K21952)D D o -SRI PP R FYTY I PO
fiBh &, BAL RS CSRN, HALKE: CSIS, #Ab K% CIES o ency f ) > 10
5 LU ASRC D3RO b O LATHILE. FIG. 3. Frequency dependence of relative

S E3# 1) YE etal.,, DIGESTS of 42th Conf. Magn. 279 (2018). permeability for 5-um thick Fe ribbons with
various annealing temp..
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IR RmTER OB RIS K 0 /R S 7wtk i oo hsd U

WREATE, bR sihs RS> PPERE, o
(BEH TR, I as LEMAath)
Magnetic characteristics of pure iron thin film manufactured by planer flow casting and cold rolling process
J. Tanase, T. Uemura*, E. Tsuchida*, T. Takeuchi, K. Fujisaki
(Toyota Technological Institute, *Maruyoshi CO., LTD.)

1. [FCHIC

RTINS ZADAA - FEWEE W TZBAEBEANNITS B OF =3V F— S8 W TR R A HffC
HY, WEIZS HRL/N BN EEN TS, ZOMRRFIED DO ThH D AA v F 7 AREE OB
X, AT IR T E VSRR O/NULEFRRIZT 2 FIETH DD, A VX7 X ORGOAE
T B EBAEME CITB R OIK TR 88N 2 L W i RN S 5. L OB/ S EETH D
BRI & A 5 2B BRI E T, MHz #8021 2B 230H 95 72012138 pum LA FOJE & T
D ZENBELRDD KREE, SRR A N Th DA TWT, BIEMEICEN-IRIKARTER
FOBRIEIEIZ L 0 (B U 7= 48k 8 ym BB EIC OV THE TS L0 TH 5.

2. EBRAE

7 RS A OVE U IR IR 2 (B BrEdf) 2 7o, B2eh T B2 758 NEC X 0 IR S,
[Efis BT MRS AR EAT D Z LIS K 0 EHE 2. 2 O 2 GRS L0 JE S5 um TR L 7
% FETIELE LT, EOBKENEILBH 77 7 A W SY-956 HAHGABREE Camatfl) 2 AW il L. Z OB,
ZERBRDOAEIL 2N 2 A AT H2FEEEOEE AW TITo 72,

3. HIEBRLRMTESE
TR BITET & 2 HEEERLCI, JEUEHT 99.99 % fligk %z VY, T+ > /3—N% 3X 102 Pa £ CHEZEG| &
%, FHEINEC X 0 FEk A TR, Ar ZEPHAHIZ T 2000 rpm TR 2808 K F A HHE 1.4 kg/em? 12 TH
BaFHT 5 2L THEEB S, BONTERIIES A0 m BETH Y, EEISERAH Y, o iy
AEETHDH. iz, EET IO R REIEZFEF-TWD., Z0E %2 0.5 mm/s OEERE CHEEIZE T
LN BHEIET S Z & T, fvhCTEZ 2.5 um OEZGTZ. 20 & EOMTHEIT 92 %fEE Th o 7=, RIKSMn
TR X0 137200 &R IE R O % Fig 1 (g, F 72, BBGRBRIZ X 0 IE LB O 1 kHz [E5LE R 1)
% BRI AR & Fig. 2 1273, BB RIER D> S 10,000 A/m OFIATELFUC TRALDS 1S TRETHDH Z EMH
JBETE G NI [ 11010 S L <[ Hh A AT 265 mAEM L TWa & PHEIND 2D Z OEOESMMEm)E
WICBIT DR L1, BARETHITETHD. %

1r

Magnetization M [T]
- S

-1 -0.5 0 0.5 1
Magnetic field intensity # [A/m]  «0*

----------- 1000 A/m  =-=-~ 2000 A/m 3000 A/m
——4000 A/m e 5000 Afm === 6000 A/m
- - s ——7000 A/m —— 8000 A/m —— 9000 A/m
Fig.1 Appearances of pure iron thin films (a) before cold 10000 A/m
rolling, (b) after cold rolling (2.9 um thickness) Fig.2 Dynamic magnetization curve at 1 kHz
BE B of a 2.9 pm thickness pure iron film

1) BHE, TR - T20RE ERIEE) , st A =T 0 7 4 77,1999
2) KA WRIFOME |, HS2HAR, 1973
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Fe SRIGHIRS fa A B OB T BVLEE IZ 12 M5 e OME s ME

oG] FlSE R AR 58 ¥ AiE T
(AR, *HEF T2E(FR))

Magnetic Properties and Reliability of Fe-Based Nano-crystalline Materials
by Heat Treatment in Magnetic Field
H.Sakuma, S.Yazawa, H.Watanabe,K.Niizuma
(Nihon University, *TOHSEI INDUSTRIAL CO.,LTD.)

[ETL&MHIC

AR, REMEERERBEIE IR W CIE, @AM b4 5 Z & /UL, @RI A EImICH D, L, Ak
OEEARAIE, BEROKT, HEAOHK, BRICLDEE LR, SOoMERS L, 22T, BEAKETLE
IR EE A L. SRRRBME S ~DOBEHANED S TWbH T/ 7 U 2AZ AMEHIE R LTz,

B COMERBRD BN TWAEF, F /7 U R ZVREPEMBHI IV T, B3 R EVLER %217\ JE 4 DI
IO DICHFEMR BT 25352 LT, KARILLO B-HV—7%2/7R L, &BERIZEBWT, @ik
EREOLND Z ERREIRTWD,

AMFFETIX, Fe-Cu-Nb-Si-B 7T/ 7 U A Z JVEEHERPEL 2 AV T i 7 a5 P BB 21T 558
B & R e OV O FEMEIC DWW TG 21T 9
RERAE

Fe-Cu-Nb-Si-B RDJE X 14 mdD S/ 7 U A Z VEEIO R &~ 1A XL a 7 RISCEW T3 FTINEES 10
kOe TG EULEL 21T - 7=, BVILFEIRFE Ta 2 460 ‘C2>5 660 ‘C& L., BRI A 30 45— & TI1T- 7=,
FHHRIIRA ., MHEEEILARGHICELE 21T -7, BIGHEWEE L= a7, A V=X AT F T4
FIZLV A E T B AL ZPE USBRERE o 25 U, S EMANT I XRD IZTiT o 72, BOLHEK
PevkW/m3]iZ B-H 7 F 7 A FIZ X W llE Lz, FHEBSE GO 51X B-H v —7 DA BB LT,
ERER

W3 PSR A 1T 70 o 7= B O 251K, (460°C ~660°C)

2 & 2 MBI OBVLEIR FE R A7PE % Fig.1 12”7, Fig.l 40

LV, AETAATREE ER L LB IChRA IR T L — 30 .

540°C {3 C 4 THUEL 1096LA F 00 55t /IMIE 275 L2 DI § N -
EHEEBITHEM LTz, & HIZEIRD 650°CH T TR # q

I6F L 660°C TIL AR 1061 & 72 o 7=, Bathmvnm & 10 .

IRE 540°CITIBW T, JE % 500kHz T D HaBEH ur A 0 J
7000 DL b & mD RS EE R LT, MERE ST bee Fe 8 400 450 500 550 600 650 700
Ak LCUns, —J7 660°C G 4k 500kHzZ C HdRiR ST RALEREC]

wr ¥ 150 EARVMEZ R L7z, FRAEE T bee Fe iz ik

R AL ET 5 Fe-B RILEW AR STV, Fig.l e EGLERIC X 2 A8 EhiR IR A7
B2 ik

1) Y.Yoshizawa,S.Oguma and K.Yamauchi,J.Appl.Phys., 64,(1988) 6044

2)  EHYUT, LU TEME - DEBCHRS SRR D 72 D Fe FBEME B ARG B REE 53—2  (1989)
P.241-248

3) 3) HRzE_ - A - RIS - ILPIERE © F / #dh Fe-Cu-Nb-Si-B 4 D RS RE UL 51 & Rk
A A E 2 19,457-460(1995)

I

§
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EYNILSE =/l a”-Feis(N, C)2 1 W DE R

— SR BSOS T e AL DHT R Fe FR ARULEW & IRIEDTRE

Rt IEE L BpAS #hE] 2 RE EF L A M
(1. bR, 2. RiGH E&“H&T%\ﬁ)
Synthesis of interstitial co-addition a”-Feis(N, C), particles
— Proposal of the synthesis method for new Fe-based interstitial compound by gas-solid reactions
Masahiro Tobise!, Yuji Nomura?, Mika Kodama?, and Shin Saito'
(1. Tohoku University, 2. TAITYO NIPPON SANSO CORPORATION)

[EEDIC a’-FeisMa 41 (M= N, C) 1%, M JtEA ¢ il 7 MO MBI AR AR AL BRI E THY, HIEe
W O EBRIZIDEZF O — il SR R H M= 2L —13 107 erg/em?® (M: N) 75 —6 x10%erg/cm® (M: C) £TK
BT HZENMLILTND D D, L3> TN & CEHIRMNULT o”-FeireMa A Cld— il b e 25 = v
XF—% ATEICHIEI CE A0 4 7V — Xy o T BEADNGHBEME 2 7 M B E TR 2 727 7V — T a T E R L
FZBI, ZTOMRKLT DA RIS TR . FERE OIITHE KBRS b Ek 2 R B E L T a-
Fe1sMy B+ %A %9 D540 « [EAH SO 7 0B ADIFFEE2{T > TE7= ) 4. N R ARULAEMTHD o-FeeNa hiL
FU% a-Fe Bi 7% NH; RZPHZH 170 °C, 5h BALAEL T HZ Lo TERTED, FEEIC C BT AE
T a-Fe KiFERUGSETHEAZ AR FesC BNEKLTLEN C BARULEMAE B R THZEITNEETHS.
AR ARIGEHETHD N & C % Fe O BNIILTSINT D7D AR, bV —NEEE 2 TRFTLTRE
B, —H N DOAERASHETZ oa”-Fe1gNo b T2 FH S D812 -T a’-Fero(N, C) Ki DA RIS A REIZ 72D
ZEE AL THET 5.

EEEAE HREIFEHIIIHIRD Fes04 Ki 1% V2. Hy HAT 340~500 °C, 4 h iEtL7=tk, NH; HAT
150~180°C, 5h#{blL, 5I&HkEE CO HDHE CoHy & HVY 150~200 °C 4~8 h D RALILELAAT o7, ARk
FEIE X BRIEIT, AR VSM (B REUINEESS 1 15 kOe) TREAML7-.

EEREER K- EMEUSICB T A, W, KB IORIS— M Ra Lz, FroE ok O KIS
IL—NMIOWTIHEABLORALZFRHIATOV—], RAEZITWIRIZZEALZITOV—], E(LEITWVIRIZER
{b&ATHNV—bD 3 FFEEMRFILI.. ZOHT

| FesO, | uFeN: | o Feig(N, O A AR TR0 Fig, 1 1R
H2 Reductlon é o %{K%?Tb\\/k 7F{K%?T9/D#]\J O)AT&)O

z |‘ 7-. Fig. 2 (ZiEJCifR B 1 400 °C, AL E :
‘ Fe ‘ . |“o o © o f 170 °CTE R L7Z a”-FeigNa AN BLOYRS
NH;  Nitridation G RGBT 2B 170 )CTHRIET A LIS
= 7 ! * a”’-Fe,4(N,C), Tﬁ%‘%ﬂfl (Z”-Fe16(N, C)z *\JJA%@ XRD /A —
| a"-FeN, | : . LR, @ Fes(N, C) i T-OEHF AL o
C(?;Hz Carbonization 2 | FeiNo KL FDZHNLIZIFRIE TH o7, #RBE
ToFeaNOn ] | L. .| ECEBCRAHTOR R, ABEHIIZ0.8 W%
16(N,C)> Lot ot B ool (4 Fed CREEIR: 0.02wW%0D 40 {) @ C A

Fig. 1 Th lid reacti Fig. 2 XRDzB mtt £ o BENTODLZER DD o7, BRIT ST AAN

ig. e gas-solid reaction ig. atterns of o”-

roﬁte to syntﬁesize a”-Feis(N, Fe%sNz particles rzmd a’-Feis(N, T =5l E Dl FIZIE N AR ADATIE
C):2 particles. C)2 particles. 55 TN AT ML AT YT L 7 3 RS

THY C 2 IR AL TNDZEZREL TS, AR TR LI MR AR LR OEHLE |1 Fe &R A

LEMDFLNERIELL THHTHS.

$&X#k 1) M. Takahashi et al., J. Magn. Soc. Jpn., 239, 479 (2002). 2) M. Mehedi et al., J. Phys. D: Appl. Phys., 50, 37LT01
(2017). 3) M. Tobise et al., AIP Adv., 9, 035233 (2019). 4) M. Tobise et al., IEEE Trans, Mag., 57,2100305 (2021).
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PR N R = VRAHIEMAZ V72 Fe-Mn G487/ R DA & i

ANV 2, 5 ERAE, FiE
(AL K)
Synthesis of Fe-Mn alloy nanoparticles using metal carbonyl mixed precursor
and its magnetic properties
T. Ogawa,O T. Yoshida, S. Saito
(Eng. Tohoku Univ.)
IEL®IC
E—RR L 7 v AO/NRYLICIE, SRR SRR, @B kD b T b, ZIVE T Fe ICZVED Mn %
WIS % 2 & CRIFRIRINEZ R T EBMESINT VB[] F/ %4 XD Fe-Mn R 2EHEXE 5L T, ¥b45
WA E O E2S I X 3. ARFFETIE, S AR ARIGHENAZF 72 IcA L. FhEHn-E e s
9% Fe-Mn F/ B+ DA E(To 72, $77, BRI DIH 208 U TSRO FIIA 71 = X L %85 L 77,
ERAE e '
Fe-Mn 7/ B3V ERIBF OB L 2 B D 72 < H1% B 7= ORAFRIRELAS 0.1 ppm AT |
HINT=ra—T Ry 7 ANTREAERIC L > THER L7z, 2000CITE L= |
O AR TR O Fe(CO)s, Mn(CO)s & SRR & LTALA AT I %IR | :
O LT RUSHBRAZ B LR, SUSB T & b Coad URERIENY, Erzemmc k8
STHRER. 135Nz FeMn F /K FIEEZErh CHYLER L A% 72 RIEETER |
EFRE LT, T ORMIRERF A AF ik 1L/min) T 200°C~800°CTHULFL LAS S S asties S S8
SAMER 1) b ST [2) HEHEARBTIC IS XRD, B TSBE (TEM) V7. B pig 1 1M image of Fe-Mn nanoparicles.
SRAPEDORTHINZIE VSM & vz
ERER
AL 72 Mn 38 03%D Fe-Mn 7/ fi 7@ TEM &% Fig.1 o3 #5— |
% 100m FUEOREDF ) BT HARTETOB Edthdote £70 [ |
XRD 12 & 3 HSEHTORFig 2), SEASIEE (110) FIRIRDEHTHOF -

under vacuum 150°C

under H; gas 200°C§
A i

HHMEHH X WEEREERRT & 72> T\ 328, IKEA A TORWIIC X - “CE% | L under Hy gas 600°C |
BEBERKF 2 5 5 bee BEEL 75T 3 2 LA o7 £72, Bkl [ : g -
S5 5, Mn SURHAY M & F BT O SIRIRA L emuig) 2 A || under Hzgas 800°CT
F0.70) BB E 13 T & AR ENT 3. 20 40 60 80 100 120
SEH 20co-k e (deg)

Fig.2 XRD patterns of Fe-Mn nanoparticles
[1] T. Kon, N. et al., Journal of Alloys and Compounds, 861, 157983, (2021)

with different annealing conditions.

[2] M. Kin, et al., Journal of Applied Physics, 117, 17E714 (2015)
BN

KR DOHEEICH 720, RICHIEMAD G Z B WA 2 L 2RRASH T v v —iEskico & v &Kt
L EFET.
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SREGPERSR 7 = T A M IZI 1T D ssbsk g o BER A7

LIERR, MM, THBE, s (BEEILERT)
Temperature dependence of the FMR spectra of Ferromagnetic Zinc Ferrite
N. Adachi, K. Naniwa, Y. Nakata, K. Shinkai (Nagoya Institute of Technology)

LIFCHIZ

AR LRI OB 2 2 T ZnFeeO4 ICBH U C, AR iR L 0 1ERL U 7= I oo i % i

HELTE7D, ZomgrER, =V —80 190CHHTich 5 2 & Al KaEik ¢ 80 K F2E

IR T, -10° deg/em (T EDHIM K E 227 7 77 —RERZ/RT 2 & @A Lo, AR TIE, BRIESIC

XV ZnFesO4 DR KFFIEDIRE R IOV THET 5,

2. BRAE

ZnFe, O W A A BRI (BRI L) 2 AR EIcA Ay a—F7 0 7 U ORI L, VLB b

LCER U7, ASRIEIRIT, Zn & Fe 73 1:2 OB & 705 XD IZIREG L, %R T 100°C C 30min

R L. A A DRI E 572D _3wCTaMmﬁﬂﬂﬁ%ﬁoto_h%ﬁamm@ﬁE#%%Méi

THEVIRL, 20%, BVLEZITOR bS8, fx RIBESECERLEED 5 6, HERIK & 7211t

R EIC OV TR 21T - 72,

3. BRLEBE

flan b U7 I X A O 2 & VRIS IS 2 R s dn 3T B — 7 O Bl S 7z, Fig. 1 121E, 600°C, 1

HER CBERL L7200 10kOe £ TORER L AT L ¥ AR OIR B AFE A7, URTOWE T, F=2 U —~

X 190K AHEICH D Z & 2R LIEDMREINTIRED EH & L1235, 4K Tl 700 Oe  FEEEDLRREL

NERTH, BEEZEKT S & EHITREIT/NE <Y, 80K TIRIFMMEIITHAT 5, 500°C 2h DEERK

ZMETC 44.5emu/g @ 30 kOe DAL %~ L2 BHZ DWW T X 230 RIZBIT B & L 2 81U L 7255 5. Fig.2 12

T?io 80 K LA T DIRIR RS TR & & S ISR MRS YAl 7 %, —5 T, 100K 2Lk
X, EEOEKT D L& HICHIBRIRIE, B KREL RDEMZRL, = U —EBERI%THEHN
ﬁML R T g=2.01 |[TAHY T 2 BREMEIE 227 RN BT, R & TR SRR R & D BEFR

= ﬁ=%;Jmehxm+HA+MMQ EERTZENTE, BRMERUR Ha 2MEIE THK 95 Z & 28 80

KLU FCTOI®XBEROELWVBDORKEEZ 5ND, BFRANLHET S & 4K I8V T, Ha=8000e & A
b oz, 72721, ﬁuﬂ:@ﬁﬁa% DITHRBEMERR D DE TN TV A AL H D IEERLETH D,

BIEE . Bb. BEKILISHIE T, o REEFRAT ORI, BRIEK S A X v 7 OEERIZBIEEIC/ D £ LT,
Z TR L E T,

Ref. 1) N. Adachi et.al. ,5 44 [7] H ABIRSFE AR EE 4 (2020) 15a-D1

4
15F ]
10k .‘/',/"/ | 3l
= 5 T 3
E ’ \95 2
5 0 — 4K A P
= — 8K o
-5+ e 12K T
‘‘‘‘‘ -7 - - 40K 1~
10k .- —.- 80K
.- 2 - 150K
_157,/ | — RT 0 1 ] 1 ] !
10 s 0 5 10 0 100 200 300
H (kOe) T (K

Fig.2. The temperature dependence of the
magnetic resonance field of ZnFe2O4 film
annealed at 500 ‘C, 2hour.

Fig.1 The temperature dependence of the
magnetic hysteresis curves for ZnFesO4 films
annealed at 600 °C, 1hour.
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MgO(001) Bt b Hebl_EIZIERL L 7= Fe-B-N A& DS & At

AT E e AFEla T RAPFE - JIDFERE L« ZARIERE - MBFSCR 2 - fdEfE a3
MBEER, 2 AR, 3 IER)

Structural and Magnetic Properties of Fe-B-N Alloy Films Formed on MgO(001) Single-Crystal Substrates
Yura Maedat, Kosuke Imamura’, Mitsuru Ohtake?, Tetsuroh Kawai*, Masaaki Futamoto?, Fumiyoshi Kirino?, Nobuyuki Inaba®
(*Yokohama Nat. Univ., 2Tokyo Univ. Arts, *Yamagata Univ.)

[ZLHIC Fe-B A@ITmWVIEBRE & At 2 £ b, 7 MEhZ 0.1% 5%
ERE#MOBEELRaT L LT, EEMEHIRSE PR ETHW LR
TWa., ZHET, BERFEEZR LS 57001c2EFE (N) 23RN
THRLDITONTND B, LU s, B & N E RFERIIC
BT, M EMRFFEEZ R mEITIZE A L0, KR
T, EARMEZPI ST D 2 2 AR B 2 M L, K Fig- 1 RHEED patterns observed for
e A Sy # ) L SIEICE Y Fe-B-N BEOFK 2347, Z L7, Fe-B-N films formed on MgO(001)
Bk, RS & ORI % 7 substrate under (a) 0.1 and (b) 5 % Phs.

FERAE  MgO(001) B bk F:AR 112 400 °C T 40

nm JE® Fe-B-N & Z Tk Liz. ¥ —% >~ hZ (@
I¥ Fe-B &%V, Ar & N, O EERET S N S o
Sk N IRMEEEE S, MEEC = g S
I RHEED #5 J (NXRD, i HEBI 2217 13 AFM, - 2 = %
At AR E 21X VSM & U 2. 'S

2 A A
LR Fig. 11T FepBs &4 —%7 v & AW 3
TEZNE%L 01 BXWW 5%E LTHEKLE 2 |(b) S .
Fe-B-N Ji0 RHEED /S¥ —> %5, EHNE g S S - S
01% 2 # W T (X Fe-B-NOOLD[110]hee | = % ‘g’ é ;:T g
MgO(001)[100] DG fl HiBIfR T2 & F o ¢ /L < g g =
R LTV Z el yinot. BHESELE 5%F <
TS5 &SR MIERTER S 7z, Fig. 2 12 | | | 1 1 1 1 1
EHREEZ 0.1 B L U5% THEAL L 7= Fe-B-N KD 20 30 40 50 60 70 80 90 100 110
gk XRD /% — % Rd . EHR 5 5% T 20 (deg.)

1% bcc(002), bee(110), bcc(211)ﬁ?>%0)|il§cﬁ7b§@% Fig. 2 Out-of-plane XRD patterns observed for Fe-B-N
NTEY, ZRETHLZLERRTSS. 20 films formed on MgO(001) substrates under (a) 0.1 and (b)
TERVERIRMB =TT VREEZBE 5Py,

THZENRBE IS, Y AL, OO

FrtElz oW T bt 5.

1) T. Shimatsu, Y. Sakai, M. Takahashi, T. Wakiyama, and K. Hiraga: J. Magn. Soc. Jpn, 15, 351 (1991).

2) K.H. Kim, J.H. Jeong, J. Kim, S.H. Han, and H.J. Kim: J. Magn. Magn. Mater., 239, 487 (2002).

3) I. Fernandez-Martinez, M.S. Martin-Gonzalez, R. Gonzalez-Arrabal, R. Alvarez-Sanchez, F.Briones, and J.L.
Cost-Kramer: J. Magn. Magn. Mater. 320. 68 (2008).
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Fe 27/ fEdbEREI R 2 AR Y MEGLOVERL & RetERE A

AR JITHZE, BRI, ERREER
(EINKF)
Fabrication and evaluation of Fe based nanocrystalline sphere powder composite core
S.Kimura, N.Kawada, M.Sonehara, T.Sato
(Shinshu University)

OIS

ITHE, SIC <0 GaN /XU —PERDBIZIC LD A, v F U TEREY 2— /LD S 5725 @Eah=k, /Mg
BRI SN TWD D, ®E R CHHTRERBOMBIOBIR R AR MRy 7 Lo TS, £ TEED
X, 7294 MELDIZTRDOAEEEENAAZ LI RD Y MELEFRZELTWA M Z L a Ry M
DT D TEROMGIZ BHY & U2 it R 28 L, FEMMERIEZ A o7 L UCTERIT 5. AR
T, WM R & U TR EE D/ S0 Fe-Si-Nb-B-Cu 27/ il S ERTEM AR ICE R L. Bl Fe 27
JAEmERIEM AR E WD Z & C, RICEETOPER L2 Fe R 7T ENL 7 7 ARKEME I LAY v Mg X
0 HIRERELS - (RBA OB A VERIS 25 2 E R AREIC /R D EWIFE S D AR I 2 A o & R

L, WK e LR 2l 5. o
Table 1 Coercivities of Fe-nano and

RBAE Fe-AMO powder and composite cores.
) U 72K AR 1L, BRI TR ST AT+ 7 o £8 3.5 Fo-nano | Fe-AMO
Hm O Fe-Si-Nb-B-Cu 27/ # b ERIE AR (LT, Fe-nano LWERE) &, _ (E4vol. %)} (ETvol. %)
AT 4T A% 2.5um O Fe-Si-B-Cr-C R 7 /L7 7 ABEHIHA ( o | 0 | 12
LI, Fe-AMO &BSEE) AWz, 2o Ok E =R ¥ ViE% Coercivity #c(Oe) [ = 1 )
S UH L LTRRRTHR v A7 4 Y /WL, BEL LTy R o
Ty MELEER U BT SRR T Fe-nano & T 64%, Fe- B.=20mT
AMO R T67%TH Y, W DIE AR S3A DEVITBILR LT 1000 IR
WHEREDND. ERLIEa v RYy MELOFBACRME, ERER s FenanoltavoL)
SR & R O JE AR 2 ) E L7z —
Table 1 (I Fe-nano & Fe-Amo By RERI KM= AR Y ML ORI ? 1001 . *
NEH L2 O TH D, Fe-nano ¥k & Fe-AMO ¥y RIZH K HIK T 8 ..
DIERENXFIRE T 578, 3L Ry MR IS ORI 8 R

Fe-nano ¥y K Z - H L7277 728 Fe-AMO ¥y K DIGEITHT LT 13 H/h S\, $
KB4 7E D Fe-nano #y K ITBE L ERIERE D E T L DB/ SN L3

RGN NS VB Th 5 E B X DA, 7, 2V EYy Mg 181 051
DOWERERXTIH & bITHI 10 Thoto, FIg2 CHBHOMEHIE  mo s Lon oseof Fevano and Fe-AMO
Zosd. 1 MHz O8481% Fe-nano iy K2 R v ML DS Fe-AMO ¥

RKayRY y MEOLOYSRETH Y, Fe-nano Bk & Fe-AMO #K D

EXIETENFRECH Y, QIBEOHTBMEAT 4 T UVRBEPRENZEEEZDH L, Fe-nano K VR Y
MDD TN D TEMBRIIRELS 2D LHE SN, IMHz OFBEOEWIE 27U RFROE VDK E
KHEHELTWBELDOLEZLND. a VR Yy MELOTHALEE R b ONIE T IBBER O IR BRI T 5
HESTHET 5.

L ZD N

1) K. Sugimura et al., IEEE Trans. Magn., vol.53, no.11, #2801406, Nov. 2017.

composite core.
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X #—o  hAA Ny ZIRIC K S & EEEMEM CoZrO %Hﬁ@f/ﬁ;@

RS, efbess, *ZEEE, T, SR, *aRieak s, s
RO LR, *EBHTHERY)
CoZrO nanogranular films for high frequency operation prepared by facing targets sputtering
K. Kawahara, T. Kaneko, T. Yasuda, J. Tanase, Y. Takamura, K. Fujisaki, S. Nakagawa
(Tokyo Tech, *Toyota Technol. Inst.)

X L®IZ

SiC X° GaN 7 /34 RZ L W RT—x L7 ha =7 ZAEFEOBEERE O & E R VR ELR, HiiEgas Tt o
DC-DC =1 > /3"—% TiX 10 MHz UL EOBHER KRG SN TV D, 2O X 5 7@ B ERH A /5' 7 B OREIER
a7 FPRHCIE, SREEMEICIRRERUEE(,, TR b RGN+ EmL<, o, S TERBAAZIMI TS
72O CESKIEPIRNE N EBRROLN TS, 20X ) MEHE/MD 1 D& LT CZtOF /) /T ==
TR PINEE SNTWA. R T, FHEMKETEORIEICEN xR Y —7 v ARy 2 Y v
JU(FTS) Y% AW T CoZrO MiEZAFR L, Z DREARREDOREZ1T > 72,

e DIERL 5 1A

FTS D oD% —4 v hOW, FHO Co #—4 v b Lz s Fv 7% .
W, Ar & O, DRET AZANTZEIROKIGEA Ny 2V T8,
W T AT IR 420 nm @O CoZrO TEMEZ{ERI L7, &4 AJEIX 0.5
Pa, MR /NEIX 1.6% & Lz, EHGEEII=FRE L.

EBREER
X BHEFHIEICLY, BEhD Co TN BkEn  $EETS 2

L EMER LT, FHAREEIE CossZr 1024 TH -T2, F77, 48 FHETHIE LT
BEIEPIRIT 240 pQ em? &)/ 7T =2 T — RO A E 2R L=,

CoZrO JE D Wrm i A 7 M (TEM) B (Fig. 1) 627 A
—WEEAT D ENbhoTe. 2, ZOMEEOEE T — U TS HAART

(Fig. 1inset) 775, Co 27 AT —NIFZHMTHDHZ LR broTz.

Fig. 2 1Z CoZrO WD ELFERESH (X T B WAL-Bisf & 27 Y v 2v—7 E o
. 200N —IXHENTERLRT S 2 M THIELZH DT, FTS #
— /7 MR LT 7 Al(Facing) A3 aA b 7% 5 i, [B.42 5 [A)(Orthogonal) (2
WAL R Eedh A 5>, Z AU FTS BUliF ISRk S 7o s 8 S e & ‘
HbDThDH. BEEAFADAT v —A—TDL 25 Yo 2R%kE, 3100 2200 H (vm) 20000
Jmd EREL, TNESHERETHLIZENFERD 1 2E:E2 65, fd
FREAl X 1.1 T, BHFMERA He 1%, 9100 A/m THh-o7=. Kittel D>
%%Hﬂ SN B ILEE R £1% 3.17 GHz T, Z OfEl% 10MHz # THW%

EtHaEmnb O THS.

BEE

TEM |2 L 5 Co-Zr-O DM B LEITE T RA—7 2 772 U F 4o 2 —SWEMEFIRA L. 48T
FBICE BTN TE IR A TERFOLE - BEEMIED W) CE Lz, RAFFEo—BiE, CHEFE
FE, A X— 2 OEBTITE T 5 IR ERIFFEB 7 O Xk 251 THEhE L=,

BE R

1) J. Millan et al, IEEE Trans. Power Electron., 29, 2155 (2014). 2) Z. Liu et al, J. Magn. Magn. Mater., 262, 308 (2003).
3) Y.Sun et al, IEEE Trans. Magn., 43, 4060 (2007) . 4) A. Hashimoto et al, J. Magn. Magn. Mater., 320, 3008 (2008).

100 nm

Substrate

Fig. 1 Cross-section TEM images of the
Co-Zr-0O film prepared by FTS

1L Facing

Orthogonal

Fig. 2 In-plane dc magnetic hysteresis
loop of a Co-Zr-O film prepared by FTS.
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EBERIEIZ L DN T N O 110)EL M L1o-FeNi HEEO/ER

TP ' RARER 2. PERREZ . R . BRI A @AL'
(AL RARF !, HAE K CSRN?, HRA et o v =3, BT ¢, #bKk CSISY)

Fabrication of variant-free (110)-oriented L1,-FeNi films by a denitriding method
T. Ichimura', K. Ito"?, T. Nishio®, H. Kura®, H. Yanagihara4, K. Takanashi"*®
(IMR, Tohoku Univ.!, CSRN, Tohoku Univ.2, DENSO CORPORATION?,
Department of Applied Physics, Univ. of Tsukuba®, CSIS, Tohoku Univ.®)

[FEE] — R AU T M= L —(Ko) DS i OB B O £ 13D oe k(i T, @R cR) 2 E AT
D, MR TRBETENEABESH 2T E LT — 4 —HAKABAGMEIOREISZ D 2 &
MTED, TxITEEIHET D Feo NinbHRY | @O EM)B LD K 2RO Z LB BTN D
Llo-FeNi (273 H LT, HAESEROMER L RHAEG)B L VKO EICERYHATE D, ZhE Tl
BT X0 B BT S a S0 R St L 72 = B 4 % 3 % /L FeNiN iz (ERL L, 22280 2%
1T9 2 & T a il L7z Llo-FeNi EIROIERICHK T L=, UL, S=0.87 OFWHBAIENSG HLz—TF
TKu=59x10°)m’ £ 720 MHESNAHEE1L.OMIM) LY b/ EShotz, ZOHEKE LT, BERNT2 D
D ¢ WAL G H S EAS L2 2 FED T ) A— b A XD 72 RSB S U FER, IERO K 2%
NS RREMER B 2 B D YD, 22T, NI TV IMBRFELRNTEX v v VEIRAZ(ERITCE
12, IEfE7r Ko ORI S5, ABFZETIE, FeNiN IS B BZEFREIC L 580 7o bW
ftmm Llo-FeNi IO ERL & IEfE7e Ku OFEiZ HIOE L, 0 R B X F 2 —MBEEIC L W ERIL7=NY
7V N OB FeNiN(110) 72 i 22 FREVWEE 21T 9 Z & C Llo-FeNi(110)# A /ERL L 7=,

[E=B7E:] Fe. Ni B X OEEERFN: ORIFFHLAGIC X 5 MBE $EIC X 0 . U] 22 B b4 BEAS Sh HEbR 1
FeNiN(110)7# (20 nm)D = & % ¥ ¥ v LR 272, NoifiE% 1.0 scem, RF AJJ% 300 W, JEAIEFE %
350°C & L. Fe:Ni OffLplcts 1:1 &£ 722 X O IZHIEI L7z, £D%, AKFEiE 2 L/min T 200 °C, 2h Oz
HEMLIR 2T o 72, FRNTICIEEI A M @-20) 35 J OVMEIN(9-260,)[110] 7711 & [001] 47 1815 B D X #RIEIHT(XRD) & |
FIRIZB T DWACHIE 21T 72 > 72,

[#R] 0-20 JI7E TIZ FeNiIN 220 B — 27 R 572, —05, 020,81 TIXEMK[110107 175 & OFIE Tl
FeNiN 220 v°— 7 . FEMR[001]75 112> & OWPE TIL FeNiN 002 B — 27 OLNZNEFNE bz, £7-. bR
ETHAEDIZE A ER N o7, DLEOFRERNG, AU 7 b oM ERIEM: FeNIN(110)BEA 5 5 4
7oo MLZERPVLEIA L, 0-20 JIE TIiE L1o-FeNi 220 B —27 23, ¢-26,17E O FEH[110]77 1817 5 DOEIE Tik
L1o-FeNi 220 °— 7 . FEH[001]77 175> 5 OHMIE TIE L1o-FeNi 002 &°— 27 OAHBRFNENR 6N7-, £7=, 1\
WANEMGESS D J5 17 %2 [110] & [001] TZ X 7oA LBREN B . IRE N O L1o-FeNi[001]J7 Ik » 7o — il 2 7
PEEMERTET, wMs=155+£0.03T THY ., —HHOBALEFR CHEN - EED D K= (3.0520.06)x10°
Jm? RSN, KBRS AELIY /SN Enb, A%IZZOREO S il 5 TETH D,

[ 3C#R] 1) K. Takanashi et al., J. Phys. D: Appl. Phys. 50, 483002 (2017). 2) S. Goto et al., Sci. Rep. 7, 13216
(2017). 3) K. Tto et al., Appl. Phys. Lett. 116, 242404 (2020).

[B&E] AWFICIXE NI IE A = L — « BEEELAITIR G B A (NEDO) D Z5 5t 3 AR BH AR I AT
a7 7 N TR BE R T @23 — & — HEM BB | GRS JPNP14015) DR TH 5,
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Fe,Ni,C 8 & U FeoNipN ORES 5 5 VEE 8D 8 — [ HEHE

N S (AT I 2
(M fEEEE - 2 3R

First-principles calculations of magnetic anisotropy constant in Fe,Ni,C and Fe;Ni,N
Y. Kota! and A. Sakuma?
('Fukushima KOSEN, *Tohoku Univ.)

1 FL®IC

TP HE7 ) —AME O L 72 2WE & LTI E TIZ FeCo, FeNi & %\ & MnAl, MnGa 7 ¥ O BRI &4
IZIEEPEE OIS fThOoNTE-. ZhSsOWEIZEL Tk, HmEE TR S LRMARGEE2 RTHERENES
NTWVWBEHLOD, FERIZBWTIFHATOMEET VD X S 2D CHARZREZ/ED B4 013 L < HfHE D
DEEPBSNTWRVWOREREEZ S, ERFEED—D2 LT, Fe,Co, Ni D 3d BB TEDADESTIIHEA]
MEARBAFEE O3V F—ZAVNS W OHAREE G S I WRENEZ 5N 5. AT Mn AEBICDWT
H AR Ga e EDRERHATTENAD LEKEDH 720 DAL KIFIZEA T2 WS 25T ORMES FEM EIX
HiZTFZenTERWV. ULEPsTRAIINSOMERZMRIRT 2 X505 L OWIEORE Z2AA TSN
FeisNy ¥ MnyN @D & 5 R IE S EDORNFRMEZ2E T 2WEE MI/m® O —fliR G2 RTZeRRESNTVWE I L
P D, 3d BB R BcE Qp lAEE) OIEWICERH L TWA. 50k, Mg bikic X% L, B FeNi fE
HOMEDHREE HEH 2, ZTOHEYWETH S FeNiN b IR K E B GEE2RTZ Vs NTNWS Y,
T ZCTAMETIEE —FHEHEIC LD FeNi I N B XU C ZRMU 7z & & ORI FMEE % G U 72D T % Ok
Rzt d 5.

2 BRELIUVER

AR DFKIZ FeNi B LU FeCo 12 C £72IE N ZRIML, Wb adW~Ra 7 AhA MNIOME L - 7255 Ot
M, 725 N2 —E R 5 ER K, DFBERERTH L. 2o OYHLE O —FELE %2 X Vienna ab-initio simulation
package (VASP) Z F\, SEATHIZE 3D 3B 25 DIZDOWTIZT DHBREELZ I T2 L 2R L. Bon-iEE
X0, BrHE%E A £\ FeaNiy (L1o-FeNi) & AR T M IZFAIFEDO K E X, F7213/hX <7255, MnAl (M, ~ 500 kA/m)
EDIRBKRENZIEDRDNB. 7277 FeyCo,C, Fe,CooN IZDWTIE K, AVNEI W, FHIFADMEE RO BAMEIE LT
WBEARETHS. FeCo lIMEFI AT 4 v Mo THYBRVTAEZEZ DI TCRERBAEGEE2RT I LM
S5NTVWED, ODFTADRVHERT T AN MIOETIHFIN TV AEAEAEIBONEVWEE XS, —
T, FeNIiZDWTRIBETTEEZEFELILIZED K, D L1p-FeNi KD H RKELR>TED, KT Fe,Ni,C D K, 1%
MnAl % MnGa (K, ~ 1 2MJ/m?) 2L B2 2L 7> T3, #ETlAhiZ Disordered Local Moment 7% F\\ T
F14 U 72 FeyNiy, FepNipC, Fe;NipN @ K, DR ERFMEDFEFRIZOWTHEHMET L2 FETH 5.

Composition M (kA/m) K, (MJ/m?)

Fe,Ni, 1328 0.563
Fe,Ni,C 1055 2.984
Fe,NipN 1073 1.889
Fe,Co,C 1150 0.296
Fe,Co,N 1412 —-0.460

References

1) L.Ke et al., Phys. Rev. B 88, 024404 (2013); S. Isogami et al., Phys. Rev. Mater. 4, 014406 (2020).

2) K.Ito et al., Appl. Phys. Lett. 116, 242404 (2020).

3) il etal, %538 HHABSKFRFMEES 2014); ik eral,, 5 78 HISHYIF M ZAMEREHS (2017).
4) Y. Miura et al., J. Phys.: Condens. Matter. 25, 106005 (2013).
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B EE 2 W T R T B DI SRAGERR & AR

HR ORE LR R LR R
TR, = BN A

CREERSEEE T, W - MOBHITZERERS %)

High Through-put Exploration and Fabrication of Large Magnetic Anisotropy Materials

Using Machine Learning

Daigo Furuya' ,Nakao Taichi !, Hyuga Saito',
Koichi Uda',Yoshio Miura?, Masato Kotsugi'

(Tokyo Univ.of Science', NIMS?)

[FLHIS

R THER EHT . A H OB OBR A E Y ORB 2 X2 5 BERBESFMETH 5, ZhE ToM

FHAIRTIE, BRe eROTROREME 2 A TIRRE L TE T,

L2 LZIeHR R CTIHHAG OB R &

5D, RO = EENICER S 2 ERREES 572, 2 2 CH A I MEEoREFTH S [
A Rl ZIEHA L, BWRFEEZ AT DML EIRO DR 72 PRB LA R Lz, ~ o ki

Black-Box PIfiE L FiED—DTH Y | 7 —ZIWE IR FBEWSEFIZE N T, DA niIT8 TR %
BOENDEORENRD D, AFIETIEAA AHECITESWTEMEE M2 THIL, 22 Trllanz

MAELOBIB AT 72 o T FERIZOWTHET 2,
EBRAE
fERERL D FHITIE, Fe, Co, Ni, Cu @ 4 FEHDILHE & 4 A £ ToOME)H
W& 2 k5 U, 5B REE T & o Xk & Al U7 BHER
EATo Tz, A AUEEOBRB I EHE, BHEOIFFUGEE DS &S
WOWGAE &9 5 G Bl 2 Wiz, £727 — X R+-0FELE £
J— VBT MaternS2 & FVN 2, SEBR TlEA AxEfbic kv F
U722 S OBEAHYE (Fe/Cu/Co/Cu)is, (Fe/Co/Fe/Ni)is (25T, PLD
R A2 M- BR A BRI X - T 52ML O AR L7-, £
Dt b ME IS =R TR [T, 2 i P 3R - R ) SRR, RS Al A
VX BRI B MR A S B TR W T T2 o T2,
ERiEE

Fig.1(a)D(Fe/Cu/Co/Cu)iz DREALHIHR D & fafnfséft. My & Wa TP
TRV F—K, £ 906.4 emu/ce, 1.44x10° erg/ecc E R SNz, F7-
Fig.1(b)® (Fe/Co/Fe/Ni)is DREALEIFRA B My & K13 1312.9 emu/ce,
3.74x10 erg/cc & R S AL, FER TR OVBERSRELZ R LTc, 2 ORERIT
ez DIEATAFZED L1oFeNi, L1o0FeColPl1Z A 2 DI TH ¥ . A Xkl
b AW TERE BT EIO PRI LA AZER LIS 25,

L 2PN

1) HRKIE 5 68 RN B R EFT PN S,
19a-732-9,(2021)

2) H.Ito et.al., AIPAdv., 9, 045307, (2019)

3) M. Saito et.al., Appl.Phys.Lett. 114, 072404, (2019)
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ALO3(0001) Hijfi i Fx bR b CoPt Z AR IR I 1T % CoPt DHAIME

LIRS PR SRR A I - 2 AR MRS R, ER
(RTRZ w7 o THEISERT, 2 T RICHR NS E Y o 7 —
*KEK ¥E G R ARRZERT, ¢ Se i ST RSB 2 TE R

Ordering of CoPt in CoPt multilayer thin films on Al,O3(0001) single-crystal substrates
R. Toyama', S. Kawachi***, J. Yamaura®®, Y. Murakami’, H. Hosono?, Y. Majima'*
(' MSL, Tokyo Tech, ? MCES, Tokyo Tech, * IMSS, KEK, * Graduate School of Science, Univ. of Hyogo)

[XLC®HIC

WRIPLT v X LT VB ARAFRYVOHBEEBEN—RT 4 AT RTA T EDF ) A r—V Ok
HEHWDAE Y ha=7 A5 30 2T, @O IREMEBELREITE (PMA) & K& 278 (H)
BT HMBHEMEISHAN LN TWS, Pt i A4Th D CoPt1E, BULERIZ LV 41 AELHIAE
5 Lo ARG ZRET D L | 107 erg/lem® 5 DO EV PMA & 10 kOe LA ED K & 72 H, %7~ 3 g0k
e Dled, TNHDOT A ASHOTZODOHRILMENCTH 5, ITF, Foxid, BWRLEEM X Si
HAR FICHERL L 7= CoPt RSB BT 5 7 = — LALBRIS Ok S E . RIS, BRI EDOMR
MraqTuy, CoPt @ Llg HANLZ A L C& 7202 Pt/Co @M Ti, AUREVILEE |2 LK+
HAHEAERNC K0 . L1 AL CoPt 2 & T ERNERA TR Sz 2 & 28 Lz, F£72. (Co/Pt)
BB Z B Cid, BRIk Lo AL CoPt B SN D Z & 2R L2, S5k~ 1%, Si
FAR E CoPt OBANMEIZRT T2 Ti THEOZRAMIEL, Ti FTHEOEAIZ LY L1, AL CoPt;
BT D Z L afis L CE 7R RIFEClE, Eo R O AL O - 7o ALOs(0001) B JEAk _E
\Z CoPt Z @M 2 fERL L, 7 = — /L ALER1Z OfG iiiE & RO 21T > 7= D THE T 5,

RERSE

EABARBIT LD . ALO0001)HifE L ek B2, [Co (1.2 nm)/Pt (1.6 nm)], HEZERI L=, Zh
FCOWRELOLBDOT-OH, THEE L TTIiZ8A LR OIER LZ, Z0%, AvHhLEG T A
FHX FICBWTT =— VB 21T o 7o, fimiEE & RmEEILE £, KEK PF BL-8B (23517
3T A X BRIEIPT (GI-XRD) & EZALE 7FEMSE (SEM) (2 X 0 FF4f L 7=,

RERFER

800 °C T7 =— /LRLPFR A 1T - 72 (Co/Pt)s I (FHuJE72 L) 128V T GI-XRD T L1o-CoPt 001, 110
\CHEIK S DB 28 L2 2 & v 6, CoPt @ Lo BANWE 28 Lz, —J5. Ti(3nm) O F
M) A N L 7= (Co/Pt), ¥R TIE, 800 °C 7 =— /LALFREA (2 L1, HLHIE CoPt 2R L 7=,

i

AWFFED L, SCEREM R [T T 0 o = 7 b <BFEHLSTERL > | (Grant No.
JPMXP0112101001) & A ARZFA RIS RERINFE B 5% (Grant No. 21J13665) D3I L D 1THN
7-. KEK PF BL-8B (2451} % GI-XRD FH#i%, 201652004, 2019V003, 2019G534 OFEEED & L1Ti
7o VSM JIEIL, B KRR FeaT L RFIH GREZE 5 7, 8, 77, 271, 202012-GNBXX-0012) @
b & Tz,

SE X

[1] R. Toyama, S. Kawachi, S. limura, J. Yamaura, Y. Murakami, H. Hosono, and Y. Majima, Mater. Res. Express
7, 066101 (2020).

[2] R. Toyama, S. Kawachi, J. Yamaura, Y. Murakami, H. Hosono, and Y. Majima, Jpn. J. Appl. Phys. 59, 075504
(2020).
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TE Xy /L Mn-Al 47RO & iSRRI ST TR D 228

BP AR - HEPEORER L e RATFE L TARIERT T - JIHEAR L - FRBF U R 2 - FREEE 5
MBEER, 2 AR, 3 IER)

Influence of Film Thickness on the Structural and Magnetic Properties of Epitaxial Mn-Al Alloy Thin Films
Shota Norot, Kotaro Nakano*, Mitsuru Ohtake?, Masaaki Futamoto?, Tetsuroh Kawait, Fumiyoshi Kirino? Nobuyuki Inaba®
(*Yokohama Nat. Univ., 2Tokyo Univ. Arts, *Yamagata Univ.)

FLBHIZ KEp—dxkBE X — (K), /hERfafwiit (Ms), hESRZoer 7ER (o) &b
OMFREPERLY, A B EARBRIEI AT Y OB b o RS Z T ~OISHIZET TSI TS, Ll
(CuAu T, tP4) 15 % 1D Mn-Al B4, (Ku, Ms, o) = (1.5%107 erg/cm® Y, 500 emu/cm?® 2, 0.006 3) &\ 9 ¥
MaEFD, EREZmZITHMEOOESTHL. L LR b, _hif@ Mn-Al & E O F] Tk
PR, BEENEWZ ENREL, BEOT AL RAIGHEZE 2 5 T DIZ3 B ~%+ nm 4—%— @Hﬁr 7‘
DI & MR E R D MR H 5. ABFFETIX, RHEED ( otéf*aaEEE@%@%éﬁé’mﬁf 53k
TEHF—EZ VT, Mn-Al IRORERBROBIZE 41T o7, 2O LT, REZE{SH, %m&ﬁﬁ?x%
a2 AN, ER U 2RIV 2 U, At B A2 sla Tz,

--
50 nm 100 nm

t t

REER Mn-Al x5 L C#iE %47 > 7=~ RHEED 0%2 o2 02

NE—2% Fig. 1 127, BEREOWMIEE S Fig. 1 (a)-(e) RHEED patterns observed for Mn-Al film.
100 nm DJEE F T, Fig. 1(H) ORI xtis3 % L1, (f) Schematic diagrams of RHEED pattern simulated for
VR85 — L R D LT, B O AR 2 (001) single-crystal surface with L1o structure.

JBEE 100 nm OFEHI 3 L CTHIE L 72 1high XRD 23
K — % Fig. 2 128 T WL d L1o(001)#84% 11X
SRR BT, BB (002) 12 %4 % 58 b
loo/looz 1%, ZERALERAE UEUKEDY 0.55, BULERA V3K
23 0.67 TH Y, HAERM LTS Z Lnsy
2D, MBI, S L KRR DO RER AR D
W95

1) A. Sakuma: J. Phys. Soc. Jpn., 63, 1422 (1994).

2) J. H. Park, Y. K. Hong, S. Bae, J. J. Lee, J.Jalli, G.
S. Abo, N. Neveu, S. G. Kim, C. J. Choi, and J. G. 15 25 35 45 55 65 75 85 95 105
Lee: J. Appl. Phys., 107, 09A731 (2010). Diffraction angle, 26 (deg.)

3) M. Hosoda, M. Oogane, M. Kubota, T. Kubota, H.

Saruyama, S. lihama, H. Naganuma, and Y. Ando: J.  Fjg 2 Qut-of-plane XRD patterns of Mn-Al films (a) after

Appl. Phys., 111, 07A324 (2012). annealing and (b) before annealing. The intensity is shown in
4) M. S. Parvin, M. Oogane, M. Kubota, M. Tsunoda, logarithmetic scale.

and Y. Ando: IEEE Trans. Magn., 54, 3401704
(2018).

REEAZE  Cr(001) FHuE 12 300 °C T Mn-Al 44
2 R &7, IR 2~100 nm O TAL S &
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Intensity (arb. unit)
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Effect of surface free energy on the growth mode of FePt epitaxial thin films
I. Suzuki, H. Sepehri-Amin, YK. Takahashi, and K. Hono (NIMS)
T CHIT

L1,-FePt #Bx, £ OEKABREBKEGHEORCA L U A— VRO L b | IO LA A &
v hur=7 ZAGHOBLUS TEACHIZESN TS, L ZAN, FUMETH-> THER SN D EFEEILE
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WA EREEZDZ L7 THBOEXERBBT RV —2ZHT 572012, FTHIE L LT MgO001)FEHK,
J O MgO00)IZ = B4 3 v )Lk L7z NiO(001), MgO B2 ERFHAT T =— L35 L1tk -T
Yefii L 7= MgON £ & H\\ 7=, 25 MgO, NiO, MgON O FE i H H = /¥ —%, fiKkELNY I — KA X
vEhTu—7 ¢ U A RIER R % Owens-Wendt EF /VICESWTEMM L7-, b 3 EOFRE T, 1.2
nm &% X 12 nm O FePt ##ifflia ~ 7 % b v ANy ZiE X > T X XU v LR w7, ER L7230
113 TEM & OV XRD %, BEKHHEIT SQUID-VSM % W T2 EHEki L 7=,

o

MgO, NiO, MgON D # [ [ H = /L ¥ — X Z 24 39.6 mJ/m’, 59.4mJ/m’, 63.6 mJ/m> TH V. NiO B L
MgON [ MgO L W KEARREHH T A LX -2 L TN5Z ENDhhoT-, Fig. 11Z1% MgO, NiO, MgON,
FNEFNORBMICTE X X vILpldE LZIEE 1.2 nm @ FePt #E O F-i TEM 14 % /<3, MgO TIEAKE 2 5
RAREN R S, ZOMERIL 50%FEE TH DA, MgON TITRL MR D720 > I kA B S v7=, NiO
IRV, &0 EBEEIGEVERES R L, £ OMERIT 2% ICET D, ZORF, KT AESITIZEEAL
f—Thdled, TNOHHEBEFEOEWNIEREAAHZRLX —DEWIERT S, 772bb, KEABHZL
NX—% AT D2 LIk o T FePt RO ET— FAFIEEETH D = & 2T,

L 2D N

1) J.-U.Thieleet. al., J.
Appl. Phys. 84, 5686
(1998).

2) T. Seki et. al., Nat. Mater.
7, 125 (2008).

3) K.F. Donget. al, J. Appl.
Phys. 113, 233904 (2013).

4) L Suzuki et. al., ACS Appl.
Mater. Interfaces. 13,
16620 (2021)

Feninein
Fig.1 Plan-view bright-field-TEM images of 1.2 nm-thick-FePt films on (a)MgO,
(b) NiO and (c) MgON, respectively.
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Biquadratic magnetic coupling dependence on material of spacer and temperature

Chuhan Liu', Naoki Hashimoto', Shuu Horiike', Yuichiro Kurokawa', and Hiromi Yuasa'

("Kyushu-Univ.)
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1) G. Nagashima., et al, J. Appl. Phys., 126 (2019) 093901. RREH L By DZEAL
2) S. Horiike et al., Jpn. J. Appl. Phys. 59 (2020) SGGIO02.
3) C.J. Gutierrez, et al, J. Magn. Magn. Mater. 116 (1992) L305.

Coercivity(Oe)

—_
o
(=

— 192 —



02aD - 8 45 B HAR D FIGREELE  (2021)

GBS IR I BRI MR d8 1 % A2 N A T A d6 KON H R
7y X 2 R D SORBMERR 0D 5

At B JRER. BORBERER, sse—
(KRB KRR B T2 ERE)
Influence of antiferromagnetic ordering on exchange bias and superparamagnetic blocking temperature in
ferromagnetic/antiferromagnetic thin film
Yu Shiratsuchi, Yiran Tao, Kentaro Toyoki and Ryoichi Nakatani
Graduate School of Engineering, Osaka University
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1) Y. Shiratsuchi, Y. Tao, K. Toyoki, and R. Nakaktani, Magnetochemistry, 7, 36 (2021).
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The effects of optical interference layer thickness on photo-excited ultrafast magnetization response
Tokio Takahashi'!, Daiki Tajima', Hiroki Yoshikawa?, and Arata Tsukamoto?
('Graduate School of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)
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Technical Meeting on “Magnetics”, IEE Japan, MAG-21-008 (2021).
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CFHERE R, PRRRENLRT, SRR T)
Electrical conductivity measurements of NiFe-Cu nanocubes with ferromagnetic probes
H. Sakuma?, R. Takeuchi?, H. Sakakura?, M. Takeda?, S. B. Trisnanto?, S. Ota®, Y. Takemura?
(*Utsunomiya Univ., 2Yokohama National Univ., *Shizuoka Univ.)
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Fig. 1. Topographic images (upper panels) and conductance maps (lower panels) acquired with Co probe.

BE IR

(1) J.-S. Kim et al., Jpn. J. Appl. Phys. 55, 123002 (2016). (2) #il i, S.Kobayashi et al., Molecules 25, 3282 (2020).
(3) J.-S. Kim et al., J. Phys. D: Appl. Phys. 49, 335006 (2016). (4) /A MFEEIE), BXRFEH CEE A 137, 380
(2017). (5) H. Sakuma, J. Magn. Soc. Jpn. 44, 21 (2020).
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STM and UPS study of Organic Molecule — Magnetic Metal Hetero Structures
Toyo Kazu Yamada
(Chiba University, Graduate School of Engineering, Department of Materials Science)
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Faraday effect of (Fe-Pt, Co-Pt)-fluoride nanogranular films
N. Kobayashi, T. lwasa, K. Ikeda, and K. I. Arai
(Research Institute for Electromagnetic Materials, DENJIKEN)
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BRORIEKRFAE Y o =7 ZAEENTRAE o 2 —0RM 221 TiThbivE LT,

L Z D& N

1) N. Kobayashi, K. Ikeda, Bo Gu, S. Takahashi, H. Masumoto, and S. Maekawa, Scientific Reports, 8, 4978 (2018)
2) N. Kobayashi, S. Ohnuma, T. Masumoto, and H. Fujimori, J. Magn. Soc. Jpn. 23, 76-78 (1999).

T T T T T T
(Cog 7Pty )15 Caps Fep film

10
600°Cx1hr. in vac.

6 deg./um (1550 nm)
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FIRiAE R LT ) 7T =2 T — ORI A TR RIET
BRI « R R~ D R

ARG L, FTBRES 1 DR Y2, VR EE 2 R !
(1 HAER:, 2 A BHIESERT)
Shape effect of granule of lateral nanogranular films on ferromagnetic and superparamagnetic properties
Hanae Aoki!, Katsuhiro Uchikoshi?, Shigehiro Ohnuma®2, Nobukiyo Kobayashi?, Hiroshi Masumoto?®
(1.Tohoku University, 2.DENJIKEN )

[TLC&MHIC

F A ZAD/NAY - EEBAL c BEIUE~DOERIN S | BIR-HE- 57 E OB OB 2 b o
JEM B~ DEENE £ > TV D, ERIEORMET /R DNB BRI~ T 5 ) /=25 —FE, b
/z\/v&f%?&(TMD)%ﬁ% ko RBEEIERHTU(TMR) 2D 36 L OVE JE I s S R 1 e & Ok~ 72 EBRER ZhHR

PELNDZERHLIND, FELIX, T/ RFE2EERTIE R, BEENIERE T2 itk - T,
Co-BaF, D [ NGRS PER BN L, & 512 TMR, TMD Ot T, 59 BT DIREMEN [ L+ 5 =
LERHLED, 2oz &b, KA a2 RYAL LTZED TMD « TMR BPEI%, 5ER OB E RIS T 7 < shik
PEIZHSRT 5 2 &R EZOND, AHFFETIE, TMR - TMD 2345 511 % 30-40at.% Co #HA i D Co-BaF, 7~/ 7
T = a7 —BEEMNRIZ, R Cobi DR A Xk —E & LR OB ST, 706 Ol & L CER
TERLT-D3 T & 238 U T EOARIR A LI E 217\ R T TR A3 TR (RGO 7 M) & R e o 3 KT 3782

BEHILNCTH LR AME L, 3000 ——————————
.

SEE 5 2500 (@)

RT-CoBaFeT/ /9 = 2 7 —OIFMICIE, Cok BaFp A2 Hiic 3 200F Fited curve
PRI %52 7 LAY F IR AN U, 4—FyNIEZNEN 2 B8 § 190 "0 osk A
% 3inchg® Co & BaF, 2L . BRI —E LU, Co MO £ 1000 A7 -

/1% 100W CRETEL BaF, Moo AT /1% 100-200W DREFHCTE = 500 gﬁaﬁ? - X

ﬂ:éﬂi Co kM0 BaFo L& ZE LB 72, VEBLL 7= IO iRk I Lo

TEM, I N OB ELIRTU(p) 13 4 Wi 115 §RREUREMEIE SQUID % H 0 10 20 30 40 %0 6070
Magnetic field, H/T (Oe/K)

U‘T%ﬂ%ﬂﬂ:fﬂﬁbto T T T T
A (b)
EERER Qao0of . o, 0 R -
BaF, MO AZE /)75 150W CIERIL 7= Co-BaF, . 32at%Co #L = [.°° ¢ ,
O 3000 . =1
FRCHY | T O Co KL T-(i 4.2, JE7 2.7 nm) 2 BaF2 J8(2.5nm)&%8 § goveset®
FLICHRE LI T, KT AR O BT AL I L O SRE L 5 2 3Mat%Co ook ]
BE A T~ D T DI ERIGKL 70 Co-BaF, I L L4 I IEIRBLINE = ERRIZ N .
Z17o7z, Fig. 112 156K-300K (28 1) 5 ER R 7-(a) B L OVR ki 1
®YDF 7 7T =2 Z—EOHENFENZHIE U7 it 2 =3, 8 20 40 60 80 100

. . M ic field, H/T K
iR T CHUSE L7, Fig. 1(@BREE T ClE. 50-300K TIFIE aanelic field; Hir {OelK)

7 LR BAED B 7 L, 7Y 2 S VBB By — B Lz, Tel 16K800K oy 2 BpkLF (@)

—%. Fig 1(b)F T Tk, 300K THIRIBALAAE <, TOK T %U’“ﬁﬂﬁﬁ(b)@%/ J7==7

R AR R LT 0 SRR LT DAL B, BETIRE T TR L L7z,
B Rk

1) fFTBER FORSAE, IARREL, RIEEGL, AT, AARSRTFRBEFHEHAR, G28,2021 3 19 A

2)  H. Kijima-Aoki, Y. Cao, N. Kobayashi, S. Takahashi, S. Ohnuma,H. Masumoto,. J. Appl. Phys. 128(13), 133904(2020)
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77 = a7 =2 W03 Bt o OB S 2

EEPERAE, KiDCH, EEMEth, BEIRAAR], KEXIE*, MRS, mREF*
(ZEX, *2HEX, **KRX)
Development of strain sensor with granular film 2
S.Ueno, K. Temma, T.Uwabe, Y.Fujiwara, *D.Oshima, *T.Kato, **M.Jimbo
(Mie Univ., *Nagoya Univ., **Daido Univ.)

[ZLC&HIC

TE T #HEDERICAIT, BLDAHFTH/NOTHDBREAROONTNS. Tt=, THOBHE, MEFH
BA&BIVESOEEEENTFICHITAMBEDAED-OIZINEE A ROLNTEY, HRLIABREOVT &
TN ESNTING D). KAETIE, FNERICE>TERMNEILT S5 5=15—FE% FeSiBNb 7EILD
7 A E[E(a-FeSiBNb)A—I DX vy ThZIBHRAALZBED VT ALY DREEFTVREAIGELGV T #ERIE
+o7=.

EBRAE

BIEIL DC EIR-RF BREF OV ROV RNVAR UG EBEHFHLT-. a-FeSiBNb B[ 0.5Pa, Co-AlO &
fE1E 1Pa TRELT=. IBE(XEBIZ 300nm THS. ERZIAIVQHN—HSREFARAL:. VT HEUHFRFIEY
ThATI12&Y a-FeSiBNb BABEERIL, X4y TERIZ Co-AlO FHIRT AT ETERILE-. RFDERHEL, ¥y
TEIE 3um, 18(E 600um THS. MSERMR)AIEIXERZHFETTofz. MK VSM, MLOB AT
FHEL7=.

EBRIR Hpc=5[0c] ﬂ
ARARDVT At RFOBMRE Fig.1 [ZRY. a-FeSiBNb 3 | Higp

— I DHKRE—AVEMERBRSES=0I, 9;%%%25%;:1#?2 — Hi/gap
ARIZENMT 5. SEIELEED-OIZ, FryvTIcHLTEELAR

& (H L gap) EFA77518 (HW/gap) D28 SR &ML E=. Hgap
HEIZVFHIZEY a-FeSiBNb I—F DHSE—A2+ M D HEEH] Fig.I| Schematic of stain sensor

#IL, Co-Al0 ¥5=25—BBOEREELEHE. ThizkY, ol s T

Co-Al0 ¥5=15—BEDERELELTVT HERET . al Tanese e
Fig FEBLARFICEMUIBIROT & e (CHTBHANBEE  Zos| o * T

L THY HRONMARIE@H Lgap, (b) Higap THS. F=, HO " ™' [ *

TOYREVTHEMBEOHERER, FOTOVNIVTHHDED e o Hiew
AEHRTHS. (TIIOT AHDEMICHELE AEEAEML, o 2 4 6 8 M0 W
VFHH 6 X 1055 HEMAT HEAERE TS, (b)TIEEH e
DHEE—AFOREEVTHOARAHLRELTHRI=HIZ, FIEH @
[CHEREEARNET THHS, EFOHABESNLRLTLS. [ Wigap
SERELERFTE, 6X 10°BEUTOVTHERETESZE |

RERShI- S%IE, BELLROEMAZETHD. sois «—hanad

e T LA
AR, BEHBRFREMH - DRATLHRRRICE T SXEG L T S
RELTERINT-. e[x10°]

BE ®)

Fig.2 Output voltage change on strain.

1) M.Lohndorf et al.: J. Magn. Magn. Mater. 316, €223 (2007)
2) Y.Hashimoto et al.: J. Appl. Phys. 123, 113903 (2018)

(a)Simulation and (b)Experimental results
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WS U 72 REMETRIR D A AN 77— B L R ﬁﬂﬁ

BLuelR P NERRRALE YRR D, MR SEA Y
€ /B‘Zk%mﬁﬁbﬂﬁ”” DB RFHIEME R D, KRR Y)
Mossbauer study and magnetic relaxation of frozen magnetic fluid
E. Kita"*¥, R. Onodera®, M. Kishimoto® and H. Yanagiharaz)
(University of Tsukuba TAC"?, University of Tsukuba FPAS? NIT Ibaraki college®)

[XLC&HIC

WAL Sk T R IZ DWW TR, SRR R 720 T idve < B BEMERER D T~ i b I NMR 1&E 578 EI2F)
MENTWD, T/ RFIZBIT DEEREFE, A S—— I 7 ORI L L TOFEERRIECRENETT AR D EE
LR BICRE 0B a5 2 %, MR Zi#im T 2BRICI3 R R 2BRRFHEIC X 587 — 2 =N A0TH 5,
% 2 CHERZRBIE & 10 RREOBHIRRIZ A0 L BN A AN T —REMEFE L L,
MRI &2 & LTl ST 2 BRIE8 T/ R REPETTA 7 & OBEKRER 2 B2 T %,

EER

FBHIZHT AR DR FEME T 2 B 7 MRI & #)., Resovist? & Co SMNERIE~ 7% Z A b F / Ki1 D4y Hs % H
Wiz, JPEREFE LT 2~3mm JED TV I B 1T 72 B 10mm OIS, KK 0.5mm JED PET %
BERl GM) ICEVEE LT, K[idxB 720, /NS RZBR A2 E- T, sUEHIM B IZ BV TmiEE L &
Wi, EHBOTDWHHEGHE Lz, A AT T — RO AN ITERE R A ok 2 v, Bz
BEIX 25K ThHhoTme AANRTT—ART "ADT 4 T 4 720%, MY 7 b MossWinn4.0 % FV 7=,

4 112 2.5K 705 250K THIE L1z, A AT T =435 1,00 - sreseae
DOFERAERT, 2.5K D A~LT | LiE Maghemite O AB
YA RELTT A YT AT TE, ZONRNTA—F %
Table.1 (2759, 100K LA_ETIZ_—RA T A > 23Tl
72720 | BEKERFORHED B4R TERIRIZ 2 51X ]
LERE L1 5, S %]
TR I HEARIRRE & BB TO A AR T — 22 g 0%
7 PVCIERE RAETR DR oT, 100K ULETHE,  § 100 e
MABMOFBEEELTH, BMIC—MEOY 1 15 oo
THZ 4 v FCEP, BRREORLD 2y DFEE F ose-
ZEY %, 200K T Jump Rate 706 RS o 72 5EFIF  of 1.00 F
%, 5.7X107s]. 12X 107[s] &3 bTz, SHICZo 098 50K |
AR DFEEEDM O FHAKE R LB TV D DR 5, 0.96 -

0.98 —
0.96 —

1.00 | wrmm

1.00

Table I. Mossbauer parameters from fitting of the 096 ]

spectrum recorded at 2.5K. 092 ]

Site Hhf (kOe) | IS* (mm//s) Area ratio (%) B T e o T

10 -5 0 5 10
A 509.7 0.535 44.8 Velocity (mm/s)
B 530.0 0.492 55.2
*IS © with respect to a-Fe at RT Fig. 1 Mossbauer spectra of Fe oxide
nano-particles in a frozen magnetic fluid of
Pt Resovist®. Sample temperatures were

1) Resovist, L7 A VARl T 7 —~ changed from 2.5 K to 250 K.

— 200 —



02pD -5 545 B AR AR EAEE R (2021)

— R HERIARIE I & BT KT FesO4 V7' 2 27 1 vk F DGR I AT
B A S8, /NS, BFH &, J. Manjanna*
(AT RHL T, *Rani Channamma Univ.)

Analysis of magnetic vortex formation of cubic Fe;O4 submicron particles by FORCs method
E. Nomura, S. Kobayashi, C. Noda, J. Manjanna*

(Iwate Univ., *Rani Channamma Univ.)

1 FL®IC

AR, AV (SV) REEZRTY 73 70 VIERERR 723, BN 8= Y — I 7 ORI R R & O RIS
RO EICHfFShTWS, ERSHEMEOR EICIX SV EEGaR 2 HET 2 Z e AEETH 50, SV OFKE
FRIZIERE - B X - RTTIC K E KAFT B, RS SL A AREDRL 71X AT AR TR 2 DR S R 5 70 7= O B i FH 40 85 CHE E
INTVWED, 73701 ZRFIZET D SV IRBOMKEHECOWTHAEEI T Wi, £ 2 TAWET
LSRR Fe3O4 7' 3 7 1 VREFIZ D W T — KRR (FORC) HlE 247\, SV QLN & iR EMRAFMEE . IATHR
& U7z BRIRAP 2R 7 DGR 2 L L THE T 5,

2 ERAEE

SR &4 U 72 FesO4 ki 7 (—34 26534 nm) 122\ T, SQUID kil & %4 & % F\C FORC HIE % FHa L
7z FIBESHEIP H = +3 kOe. H & K§EfES H, O A5 v 7iE 100 Oe, HIEIRE T = 10~300 K O 54 THllE % 17
. FORC 5 p %K1= 2,

3 BRELUEE

Fig.1 I FORC 24 DIREMRFIEZ RS, (a) 1T

. . T ) T=30K
T =10 K Tl FORC A DWW X TV — 27 BWEN |

Fo T=30K T, XTVE—s BRI, Wirn S 8

¥ — 2 %% L7 (Fig.1(b) %A, T =70 K L ETH o= 10
TNE—2FHEEL, Y= LTRIE A A . - ay
Tzo YVINE=2IE T=30K25E5NEH L H(09) e 3y
U= BRRRCONT Y ¥ — FEHEL LD TH 5, ©T=70K R
T=70K $CBMINEL TN =18, WCRED 3 g 3
flower IRHED 5 SV IRFEAN D RAHIM R T LN POBR = 5 £
CEET B L EXSND, RENRERTE— 2 OK g

% TN Hy, Hy 29 5, Ty (0Oe) oo e Cr (“Oe) oo
k7T, AR FIZBWT T=30K A ET

RonfzH—Dv—273BHlE N7, T=300K £ TD  Fig.1 Temperature dependence of the FORC diagram. (a)T

JEWREFEIR TR 2 X TV — I Bl Tz, ¥ =10 K. H, and H, denote the nucleation and annihilation

Sz, HZEKRTFIZE T % Hy. Hy 3 HGHRR L&D B E  field of the SV state, respectively. (b)T = 30 K. ()T = 70 K

WA B, BLEED . HRKTO SV IZdEREE  and ()T =250 K.

F OB LIZLS K, EAAERKFTHZ Bl N

TN —21%, /O 3T OB A FEN R EAGBRIC R ERBE 525 LfEEIND,

References

1) N. A. Usov et al., Scientific Reports, 8, 1224 (2018)
2) M. Chiba et al., AIP. Adv., 9, 035235 (2019)
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C11p CroAl R D b & 7 At Fs & OF Néel IR EE DR E

BRMERER, WEReth, B, hese—
(KRB R R S Tt 5E )
The evaluation of crystal structure and Néel temperature of C11, Cr2Al thin films
Kentaro Toyoki, Shunsuke Hamaguchi, Yu Shiratsuchi, Ryoichi Nakatani
(Graduate school of engineering, Osaka University)

[(RE= k /Zﬂ/ﬁ% EHE, ERMEIETZIR L Vo EHRIBRMR) D EIZA Y Y fr=2 X
TNNA ZADFERZ 2T TE T, M EBICHBRBEICBNTE W MR IEDREBLEIND Z L RHEINT
WA ZHIUCR LT, AL T A& UC R TR M O KRk O 72 % £ U LTz O SORREEIERE I
BILCIE, HERDPORIEMREBE TS L, REMFORMBELLEE2D. Thbb, EkhoElL
LTHWLRTE7Z I-Mn(111) % 2 L, & MR Itk ® Co-Fe(-B)/MgO(001)/Co-Fe(-B) ;& D <>
C02MnSi/Ag/Co:MnSi(001)5% 2Tt L THEFHEA O RWERIEMERICE L THET T 2 0B H 5. £ 2 THx
IL RS MR fERE B A L 7o SORBa MR & LT Cll, CrAl IZES L TReET L T 4. Cll, CroAl 1 600~700 K
DE Néel IR, MgO 125 LT 0.7%FREDIRN S 27 ¢ v R ERDETER R ENREEN TS I,
Fex 1%, ZAUE TIT Cll, CrAl I I DI X OMBGE FE (254 2 FER ko= v & &% /wvﬁuﬁaﬂ»iﬁ
TR LT L7z, AWFFETIE, Cllp CrAl EIZH1T 2 Néel i IS K OBIRIEE DM AAMEIZ B L TS
L.

[EERAE]  HEMERICIID TR E X o —iEa v, 4R IE MgO(001) & L7-. Cr-Al H#ED#s
B3 X ORI E I Z 24 50 nm, 1073 K & L7z, #ED Cr-Al fHA T RE L — M i k- T8k &4,
BRI I R Ay RS X MR & AWV O 2 [RE L7z, B3 L 7230k Al %ﬂﬁmi, 0~44at. % DHiPH T & -
7o, FERAEETTEMIZ X X ARETZ2 VT2, Néel IBE X ERIPIROBEERFIEIC L > TRE L.

[EERFER] Figure 1(a)i- Al $lpk % 44at.% & L 7= ik Bl 0O B ASH TR DI EEMSY dp/dT OIREKAEME 2~
480 K LA F & 710 K LA LI T, dp/dT IZIZIE—ETh o7, ZOROBE L% 653 K T dp/dT 13485/ ME
llrol-. ZORUMEZ Cr-Al OFRBEMERFIZ L > THE U v v 773, Néel 18488 2 7-BIC %k
L, ¥ UTEENBLLEZEICERTIEBE 20N, Thbb, 20O do/dT 23/ & 72 2R 5 Néel
IREECHRIST 5.

Al 1A IZxE T 5 Néel i5E D2 k% Fig. 1(b)i2rnd . K oRIE

FOEAEER BT BT Clly CrAl o Neel lES £ 23] —
FOAN BT 2MEME NS 5. Clly FHO B (Al A1 2 15/ ]
fik, 28.6~34.5at.%) Ti% Cr AHAROBINM LYY, Néel I BENT 2 i % LOAWM‘M‘\/,
BEO, ZOMIESTIE Neel 2SHER—TE & AR HEIICE LT, #iE S oo e
MERORE Tl HUERRIRGIELELS. K Nl B = oo 0 w0 T
JEDOREHMEIZBE L TH v 7 O & MREE LS RBG 5
t.ﬁ%&’%bfi%’&Uy?@ﬁﬁ?ik%<ﬁ??é@ﬁ O My e Thssuy
DELNTZ. 2D Enb, Cll, Cr-Al OAIEE L Néel EEIC gmo * O, O Ref.[3]
5L T B A 2 0 LR S B gmm R
B 3

=03 a0 50
1) K. Yakushiji et al., Appl. Phys. Lett., 115, 202403 (2019). Atomic percent of Al
2) Y. Sakurabaetal., Phys. Rev. B, 82, 094444 (2010). Fig. 1. (a) Cr-Al 1 (44at. %-Al) DHE
3) W. Koster and K. Grube, Z. Metallkund., 54, 393 (1963). PURIC BT DIRFEEBSY dpldT DR

224k, () Al L% %45 C11, Cr-Al
@ Néel IR DAL,
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MgO 3 L O SrTiOs(00 1) B ft Jetly Bz BT 5
Fe-N O T ° % %3 v LK E

AP e TSR T KPT TS e CATERG - IS - RS 2 - AR
(BRI, 2 AURERK, S ILTER)

Epitaxial Growth of Fe-N Thin Films on MgO and SrTiO; Single-Crystal Substrates of (001) Orientation
Kosuke Imamura!, Yura Maeda', Mitsuru Ohtake', Masaaki Futamoto', Tetsuroh Kawai!, Fumiyoshi Kirino?, Nobuyuki Inaba®
("Yokohama Nat. Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

FLBHIZ y-FaNIZAE U REBERN/RKENZ END, AV b= A5HTOIGARRN S TS, =
NWET, ANy 2 7R MBEEEZHWT, RS EZE 2 TRERFHEZR ERFRHTWD 59 KIF5E

T, Jimiivw& U U 7RI R D (001)EEM BT Fe-N IR ZTERC L, HARFEE, BEAGREE, N, /3 E2 W
1 & WU RAE T 2 2 BRI ISR~ T

KEBAE BHEEZERF 7R ARy 2 ) o 7EZHNT, Ar & N, OIRGTATREK T (BF 7 x
10" Pa) T, Fe & N ZHSE5H 2 L1280 MgO 35 X O SrTiO3(001) 254K 12 40 nm F@ Fe-N & JEAk L
2. ZoEE, o ERE 0~5%, HEWRIEE % RT~600 °C O TEL &7, FHmICIE, & asatEdE oM
\Z RHEED 3 L OV XRD, FHFREDOBIZIZ AFM, BIKFFEOMEIZ VSM & v iz,

REER MO Bl EITERK L2 Bk L C#IEE L7z RHEED /8% — > % Fig. 1 (TRT.  No 3 F 0% CTHE
HIEE RT~600°C TlE, a-Fe(001)[110]||MgO(001)[100]D %k b 71z BAFR T a-Fe %25, Na43EE 2.5~5%CH
HARFE 200~600 °C TIL, 7’-FesN(001)[100] || MgO(001)[100]D 5 S H AL BEIFR T y’-FesN N = & & % o v )Lk
FLI=Z W05, Np iy ERH 2.5~5% CHAMRIEE RT TlE, ZH5MD YU 73— REN TV 5. y’-FeN
HAAE LIS 26k U CHIIE L 7= XRD 234 — > Dl % Fig. 2 (2779, RHEED TS 5 &[RRI p #8225 o [RlHT
BRI HZ LN TE D, F72, Fig. 312 y-FeaN B LV a-Fe 7 HAER SN DO #R 2~ W hud
FEH 10015 DAL RS £ 72> T D Z 3D, MBI, SITiOs FER EIZTE AL L7z Fe-N RO R & il
T5.

Substrate temperature (2) Out-of-plane @v-FeN

2 200 °C 400°C  600°C  (d)y-FeN E T[T 7
o (a-1) (a-2) (a-3) (a-4) 025 015 005 015 029 O — 0.5 |- [110]
% g’ 024 014 004 014 024 i_ﬁ/ ‘l‘; 0
g Lo 023 013 003 013 024 g
E 032 02 u.oz 012 024 g §r70'57
— o] S J
£ o o 3 (b2 S att—— S
< = 35 40 45 50 55 60 65 70 E - -1
8 LOQ Diffraction angle, 26 (deg.) 2 Magnetlcfleld H (kOe)
z N (b) In-plane € (b)aF
p g (b)oa-Fe
(&) a-Fe o[ g8 g frmay
(c-1) (c-2) (c-3) (c-4) : S| S =
o 114 004 114 : % % g 0.5 7[110]
S 5 =" S o
] A — Z
) ’ 1’12 o.oz ’1.12 >
g, 0.5+
Fig. 1 (a)-(c) RHEED patterns observed for Fe-N films formed on MgO(001) substrates. £ e /
(d)-(e) RHEED patterns simulated for (d) y’-Fe,N and (e) a-Fe (001) single crystals. A A SR e 32101 23
Diffraction angle, 26y, (deg.) Magnetic field, H (kOe)

1) S.Isogami, M. Tsunoda, M. Oogane, A. Sakuma, M. Takahashi, .J. . . o
Fig. 2 (a) Out-of-plane Fig. 3 Magnetization
Magn. Soc. Jpn., 38, 162, (2014). and (b) in-plane XRD curves measured for
2) K. Ito, S. Higashikozono, F. Takata, T. Gushi, K. Toko, T. Suemasu, ?aﬁe”zis of Fe,N (f""; films consisting of (a)
ormed on MgO(001 v’-Fe,;N (Fig.1 (a-3))
J. C’:).’-St- Growth,.455, 66, (2016). substrate at 400 °C. N, and ?b) a-Fe (Fig.1

3) D. Golden, E. Hildebrandt, L. Alff, J. Magn. Magn. Mater., 422, partial pressure ratio is (c-3)) single crystals.

407, (2017). 5% (Fig.1 (a-3)).
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BRSO - Z IR LV AERL L 7= Co-Ni & oM & xRt

B L - AR Y - TR L - RATFE L - )RR L« ZRIERE L - B SCR 2 - FRiE 5 e
HREER, 2HREAR, SIER)
Structural and Magnetic Properties of Co-Ni Alloy Films Prepared by Electroplating
Shunsuke Aketa?, Yuta Nakamura?!, Hikaru Kondo?', Mitsuru Ohtake?,
Tetsuroh Kawai!, Masaaki Futamoto?, Fumiyoshi Kirino?, Nobuyuki Inaba3
(*Yokohama Nat. Univ., 2Tokyo Univ. Arts, *Yamagata Univ.)

[FUIZ  WEMEEEGL, Rt v FRERE S — L R YOSy £ 8
BCEASNTEY, ARICEDvA I aA—F— « F—F—DE ggg
BERESND. ERIGRICIL, Do XENADTHS 2. Lo LR =ZEZ
5, REMARRIEITLHE Th D Fe I AIEAMES | Ho XIBTIc S 3 S

Co-Ni(1100),

AL IL L RIS LoV, D78, HoXIEICLY Fe A4 D
2R 5 2 LI3A 5 Tidew. —7F, BULBEMETHFED Co = Ni
IR 2 ENED I <, Co-Ni Ga B #E itk & 4 feo [IZHlET 5 2 &
NTENE, HEHEEEEZE 20N TE 5. AR TIX, EHRD-
XIEIZ XD Co-Ni 68D & kA, HEiE & BRI 2 <7z,

EBRAE BRI SEE A2 cERD > TEELEH L.
BB 1M 99.98% D Ni i A M L, FEMRIZIXSREMNR 2R Lz, £
7o, WRFE% 50 °C, pH % 2.2, [EMREREEZ 0.95A/cm?2 & L=, #
AR EEIZIE, Co, Ni A A OfFKEIRE L TENE LIRS 2 3L b
(CoS0Oy * 7TH0), fitEe= 4/ (NiSQy * 6H,0), pH FEMfE AL LT
T i (CeHgO7+ H20) , IFMIARRIEHER] & L CHifkF U 7 & (NaCl),
IESRERAFIE LT B U v U A (C7HNNaOsS « 2H,0) % v
72.CoE NiA AV DOEFHDOEELZ 020mol/L b L, ZNHDA 42D
PR EEZ D Z LIV IEMR A Z LS Eo. MEFEHnICIE XRD %,
AR PERTAI L2 12 VSM A4 L 7= 35Diffrac‘t‘fon angleffSZ 0 (deg§§

EBMER Fig. 1125 /A0 Co & Ni A A2 Ol x &2 (s 191 XRD patterns of Co-Ni
thick films grown in Plating bath;

2B DIED XRD /X% — > % ~kF. Co U » FHRKOIE T, hep(1100), () x=0 (b) x= 03, () x= 0.5
(0002), (LOIL)SHABN TS Z Lhh, hep HDTERENTEDY,  (d)x=0.7,(e) x=1.0
Ni U F#ALTIE, feo(111), (200)S 4t & Hesd+ 5 Z &

Co-Ni(200),,,

Intensity, I (arb.unit)

CEHZ LMD, fc BB BRATNG 2 L bns. Fig. 8 | 100 €
212 x & M, Ho OBIR &5, x = 0 TiE, My = 1400 emu/em® 80 . HS 1200 g <
L2, ST OCoDfff LN EIZ /257, Elox =05 60 T 53
FEIEE TH M BB L, x= 05 2825 kx £ 40] . 1000 £ §
WA LTA. ZOZ Lid, WAL BHmARR->T 3 20 800 £ 3
WBZLERRLTONS. Hold Ni A A ofia ot 3 T — Y

172 BRI RS (I X BN 72 v o T2 (Co) (Ni)
Ni concentration in bath, x (-)

1) T. Yanai, K. Koda, J. Kaji, H. Aramaki, K. Equchi, K.  Fig. 2t_C0t?rCiV|$/lforC$\i_Hc and Stattl_rati_onb "
Takashima, and H. Fukunaga: AIP Adv., 8, 056127 (201g). " agnetization, M vs NI concentration in bath, X
2) A. Nakamura, M. Takai, K. Hayashi, and T. Osaka: J. Surf. Finish. Soc. Jpn., 47, 934 (1996).
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Fe-Ga-C HEHEIZ 3
TG & FY - EhAOME SR lﬂa@ C RHLRAR AT
FIing &, EWZEE, S
(HAER)
Dependence of structure and static and dynamic magnetic properties of Fe-Ga-C thin films on C composition
Shogo Muramatsu, Takamichi Miyazaki, Yasushi Endo
(Tohoku Univ.)
X LI

EReBIMEEZ A T2 Fe-Ga AL ED >/ N7 @R T A A~DI AR ST D
21X ZAVE TIZ Fe-Ga ZAE L EIEIZ 3517 2§ - BROREKUFFIED Ga fiLAIC K 2B b &2 EtL, 2 b Ok
W1 Xy TEBDEL 18D Z L EWRE LY, ZOERIX Fe-Ga S MM A B EBERT /A A~
SIS B 7201213, TN O OMRFHEELSET 2MERH D Z L 2R LTS, £ 2 TR TIE, Fe-Ga ¥
DOERBEMEAL I X VR EERRFEOSGELZ HFF LT, C ZII L7z Fe-Ga-C HEAER L, C DR 5
Fe-Ga-C B OAEE & 519 » BIRORLKURFMEIC DUV TR - BT Do
KERA %

50 nm JE D (Feo.75Ga0.25)1004Co(x=3.7 = 15.5)% 7 7 A KM LIZ DC v 7R b U ARy &Y 7 % TR
L7z, VER L 72 30B OREARIT B L TR BRI AR s & RE Lz, REIRIZ OV TIL AFM % &l >
Wi XRD 5 LU TEM 2 W TR L7z, E72, ##AY - BIRUBESRFIEIZ DWW TIE VSM, T Zisa v
T S e SRS TR A 2 [ S L OV 1 — KR K FMR(B-FMR)HIE 1 & W CREM L 7=,

KRR

Fe-Ga-C 2351 DB S5 17 ORME T (H) 383 L OV 100 [TT T T[T TTT] 0.030 S
B2 7 EH () D C R R 1R, HAZBIL Tk C g80; ——0 - §
#EK 7.5 at% &2 BT, C RO & bAWELT 5 5 F —o.020%

B T g0l ° . c

T o7z, 26 OEIZIEATHIIE TH 57z Fe-Ga-C (10 = L i 8

~ 30 0e)UTHATH LEWME L 22572, ZOEWZRES = 401 2

o o ° 00.010F

BOBECHRT D EHFA6ND5, £o, INHOMEIECH O 20l o ° =

AR 8 at %Ll EORERIZ IS T, Fe-Ga SIS0 00z © T[T H ® 3
FEATIRUME & 7o 72, o 12BI LTI CRBROBIIMIZ & & % ) SIS S FE WS

0 5 10 15

120027205 001 T THEALI-Z-OH, 8 at.%lh Fd C fHEGE C Composition, x [at.%]
HTIZ00l BRETIZEELAL —TEL o, ZNHDOMEIT

Fig.1 Dependence of coercivity and damping

FHRL D B O EIIZ BV T Fe-Ga Z5EaRIE(0.04)d & LT 4 constant on the C composition

O R LIRS | BRI R E L B TR forthe Fe-Ga-C thin films

EREZEL TS, 8at%ll Lo CHBEEIR CII M OB EL & RSO L 720 Z L bh Tz,
PLEDRERIX Fe-Ga B4~ C OIRNNZ LV Fe-Ga ik s OB RS L OV B s KU E 2 dig

THZEERLTND,

BEE  RWFIEO—ERIE, JSPS BHFFE JP17H03226 DBk &, BILKRFERER =1L 7 b= RB%E L ¥ — (CIES) ,
WAL RZEMmA Y b =7 ZAFERRE v % — (CSIS) , HALKFEA Y b r =7 2 R #E & > % — (CSRN)
BIOHFHRA L — OB HEERERE (ASRC) OXHEO L & TiThbivE L.

SEXER (1) 158725, T. Magn. Soc. Jpn, (Special Issues), 3, 34-38 (2019). (2) Xianfen Liang et al, IEEE MAGNETIC Lett.
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Co #AL D F72 5 Co-Fe-B EIEIZH1T 5
FRHY « BYAORLSKURFMEIC B9 2 F5E
HAIEE, HiRZ0E, e, EmERAS CGROERT, *adby b ky)
Study on Static and Dynamic Magnetic Properties of Co-Fe-B Thin Film with Various Co Compositions
H. Tanaka, T. Miyazaki, S. Hashi*, Y. Endo (Tohoku Univ., *Tohoku Gakuin Univ.)

02pD - 10

FC®HIZ

STT-MRAM, At a7 #F, AL MEMS B R EOHHA Y Y ha=2 25734 20 AR\ T
T, INHDOTNA AT 5D Co-Fe-B HIEOFN « BHBKHFFEICBIT 25 A I ThIL TN 5.
T, fAFBEROT R hs) EX B TER (o) 1, TAASRABICERST D FEARBR T A —4
D—D2THY, As & a ZiANCERTEINERD BH. 1EROMILTIE, Co-Fe-B K (28T 5 s & a DB
A L D28 Vi SlconTHEIN TS, —FHT, ZRHDRT A= OMEOFEIZ OV THE S
NIBNE72 . ARAFZETIE, Co MRRDFE 72 % Co-Fe-B I 51T 5 §## « BIRUBLG AR IEIC DWW CREMIC T
TV, As & o OME B L OMBICOWTE#HRT 5.

EEBRAE

5,10, 30 nm JED Co,Feg, By (Co-Fe-B) A, 145 um DO T AFEM EIZ RF A% &2 38 E 2 FI L CTERLL
72, {ESLL7= Co-Fe-B D Co Ak (x) 1%, 0~80at%& A b &H7=. (ER L 72O X, XRD B X
OAFM & FWWTCRMl L7z, E72, §#AY - BORERFREIL VSM, T 2EIC X 2 m iR s 5 e 2 i
L OVVNA LML 57— RN K FMR JIEEE AWV TR L 7.

RBREBIUER

M 1 XBEED 72 5 Co-Fe-B #IEICIHIT AR T 74 (As) @ Co MAUKFIETHSH. WTNODEEIZ
BWTH, As 1T Co MARKDHEIMIT & B RN ST AN L EDHZEFNHA Lz, ZbOfERIE, vy
IZBIT D As @ Co MERIZH T2 YL HBRIL T D, 72, WTFRORERS IO Co fAKICBWTY, As
EIFAVZEICHERTEBRRE L RoTc. TORKIE, BRI & EROBITISIRFE I 2 &1
b0 EBEZLND. HNAENY L 7ER (o) 1, WTHOBEEIZENTE, Co Ak (x) DN
I2&E B2, Cofpk U v FHICHIT 2EmA R Sz (K2). ZhboMmix, BITrEoisEopcir
B—MElichkT b0 EEZLND. £, As & o, OMBICBE L T, BEICLY B> TnT, ZOFK
FBEMRSTR TH L. LEORERED, As & a)lfTREIC L 57 Co MAICKE {IKFETH 2 LibnoTz.
E L

AHFFEO—TIE, FHFEFEAZISE (B) (No. 17H03226) Offilh &, HALKS: CSRN, HALKZ: CSIS, HALK
# CIES B X OVASRC DXED L D LiTbiniz.

£EXX# 1) C. L. Platt et al., IEEE Trans. Magn. 37, 2302 (2001)., 2) R. C. O’Handley, PRB 18, 930 (1978).
_ 80 T I T I T I T § 003 T I T I T I T
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E 4 o teSm o O g | t=30nm i
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FIG.1. Relationship between A vs X for various

thick CoyFegg.xBoo thin films.

Co Composition,x [at.%]

FIG. 2. Change in ¢, of various thick CoxFegoxBao
thin films with Co compositions (X).
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