27aA - 1 Fa3 A HAR D FIGREMELE (2019)

Ultra-broadband and ultra-high sensitivity permeability measurements by
transformer coupled permeameter (TC-permeameter)

S. Tamaru
(Spintronics Research Center, Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki,
305-8568 Japan)

Magnetic materials are ubiquitously used in various high frequency electronics systems as inductors, transformers,

noise filters and noise suppression sheets, which often determine the entire system performance. One such example is
an inverter. Among many components used in the inverter circuit, inductors and transformers usually have the lowest
high frequency performance, thus limit the entire system performance such as the switching frequency, conversion
efficiency and unit size. For this reason, improvements of these magnetic components are crucial for the development of
modern electronics systems. High frequency magnetic components are often made of magnetic particles by either
sintering or dispersing into polymer resin. Currently the permeability of the magnetic particles can be measured only in
the final component form because of the limited sensitivities of permeance measurement techniques currently available.
This is a serious limitation in the development of the magnetic components, because it is impossible to study the effects
of the processes done on the magnetic particles, such as crashing, micro forging, annealing and solidifying, on the
permeability, and therefore one can only guess the effects by characterizing the magnetic component in the final form.
In order to overcome this difficulty and accelerate the developments of high frequency magnetic components, a
technique to measure the permeability with high sensitivity has been strongly sought.

For measuring the permeability of a single magnetic particle with sufficiently high sensitivity, we have developed a
permeability measurement technique, which we named as “transformer coupled permeameter (TC-permeameter).
Figure 1 shows the block diagram of this technique. A magnetic particle is sandwiched by two short terminated coplanar
waveguides (CPWSs). These two CPWs are electrically insulated by Kapton tape, thus this structure forms a loosely
coupled single-turn transformer. Each CPW is connected to the port 1 (P1) and 2 (P2) of a vector network analyzer
(VNA) that measures the transmission parameter (S21) twice, first under the magnetic field of interest, and second under
a sufficiently strong magnetic field to saturate the magnetic particle. The difference of S,; under these two magnetic
fields reflects the permeability. Figure 2 shows the permeability of a Permalloy particle with a lateral size of
approximately 100 um and thickness of 0.5 um, which is similar to the size of magnetic particles contained in
commercial noise suppression sheets, measured by the TC-permeameter. The figure shows that the permeability can be
measured over a very wide frequency range from 10 MHz up to 20 GHz with a high signal-to-noise ratio (SNR).

In the presentation, the measurement principle of the TC-permeameter technique, including the jig structure, the reason
why this technique can enhance the sensitivity, how to calibrate the system to give the absolute value of the permeability,
and how the measurement limits are determined, will be explained.

This work is partially supported by ‘FY2018 Research support program of matching funds for AIST and Tohoku
university” and 'FY2019 strategic information and communications R&D promotion programme (SCOPE) #195003002'
of Ministry of internal affairs and communications (MIC) of Japan.
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Fig. 1, Block diagram of the TC-Permeameter. The Fig. 2, Complex relative permeability of a single
magnetic particle is sandwiched by two short Permalloy particle over 10 MHz — 20 GHz.
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room temperature operation tunnel magneto-resistance sensor
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The tunnel magneto-resistance (TMR) sensors using magnetic tunnel junctions (MTJs) are expected as highly
sensitive magnetic sensors operating at room temperature. Magnetic sensors are used for current sensing, displacement /
rotation sensing, nondestructive testing, etc., and in recent years, biomagnetic field measurement that senses the activity
of the human body with a magnetic field has been actively studied. Measurement of biomagnetic field includes
magnetocardiography (MCG)? resulting from electrical activity of the heart and magnetoencephalography (MEG)?: 2
measuring brain current. These magnetic field measurements are considered to be useful tools for medical diagnosis and
basic research because they have high spatial resolution and temporal resolution compared to electrical measurements..
On the other hand, since the biomagnetic field is a very weak magnetic field of at most 100 pT, the sensors that can
perform the measurement are limited.

We have been researching to realize the measurement of this biomagnetic field using a TMR sensor. Until now, we
have succeeded in partial real-time MCG measurement using a TMR sensor and MEG measurement using averaging®.
The MTJ multilayer film used for the TMR sensor was deposited by ultra-high vacuum sputtering system. This
multilayer film is characterized in that it has MgO barrier layer and has a synthetic structure using NigFez in the
bottom free layer. Since it was necessary to reduce the noise of the TMR sensor in order to measure a small magnetic
field, we reduced 1/f noise by arranging a large number of MTJs in an array. The size of the fabricated MTJ array was
7.1 x 7.1 mm?, and four arrays were used to construct a bridge. The output from the TMR sensor bridge was amplified
and filtered and measured by a PC using an A/D converter. In MCG, the R-peak caused by the heartbeat was measured
with a probability of about 1/2, and a clear QRS wave was measured by performing averaging about 16 times.
Moreover, MEG succeeded in measuring the 10 Hz magnetic signal originating from the o wave by averaging 10,000
times, and confirmed that the phase of the signal is rotated 180 degrees by rotating the direction of the TMR sensor by
180 degrees. At present, we are studying to improve the multilayer film structure of the TMR sensor to further increase
the sensitivity. There is a method of thinning the MgO barrier layer to reduce the noise of the TMR sensor. At this time,
when the resistance value of the junction decreases, the signal is reduced due to the parasitic resistance of the lower
electrode film. As a countermeasure against this parasitic resistance, a thick Cu film was deposited and a chemical
mechanical polishing process was performed, and a TMR multilayer film was formed on this substrate to reduce the
resistance. In addition to the improvement of the multilayer film structure, we are also examining the improvement of
signal and noise by changing the spatial arrangement of the TMR sensor. In addition to the feature of room temperature
operation, TMR sensor has the feature of wide magnetic dynamic range, and its output does not saturate even if it is
used in geomagnetism. Therefore, it is thought that operation outside the shield room is also possible. Using this feature
of wide dynamic range, we are currently studying for measuring biological information without a shield room.
Acknowledgement
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Development of synchrotron X-ray nano-beam dynamic force microscope
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Soft X-ray magnetic circular dichroism (XMCD) measurement is one of the most powerful tools for researches on
spintronics devices. In recent years, the size of magnetic materials used in spintronics devices has been reduced to
several tens of nanometers. To measure the magnetization behavior in such devices, a high spatial resolution
measurement technique is required. An XMCD measurements technique with Soft-X ray nano-beam has shown
remarkable results for magnetization measurements. However, the spatial resolution of the soft X-ray nano-beam MCD
is limited to a few tenths of nanometers. Therefore, a new method for XMCD high spatial resolution is required. A
combination of XMCD and scanning probe microscopy (SPM) is one of the promising technique to enhance the spatial
resolution of XMCD measurements [1-5]. Here, we developed a soft X-ray nano-beam SPM for high spatial resolution
XMCD measurement.

For soft X-ray nano-beam SPM, we developed an original dynamic force microscope (DFM) with UNISOKU Co.,
Ltd. The soft X-ray nano-beam SPM was installed in Spring-8 BL25SU (Fig. 1). Fig. 2 shows a schematic diagram of
our soft X-ray nano-beam SPM. The DFM is fully controlled by the original controller developed with LabVIEW
FPGA. The controller can be remotely controlled by python programs. With this system, we can enhance the spatial
resolution of the XMCD measurements.
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Fig. 1. Photograph of soft X-ray nano-beam Fig. 2. Schematic diagram of soft X-ray nano-beam dynamic
SPM. force microscope.
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Femtosecond soft x-ray sources via high-order harmonics for ultrafast MCD measurements
Eiji J. Takahashi
(RIKEN Center for Advanced Photonics, RIKEN)
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Excitation and Propagation Dynamics of Spin Waves Observed by
Spin-wave Tomography

Yusuke Hashimoto
Advanced Institute for Materials Research, Tohoku University

In magnetic media, waves of precessional motion of magnetization serve as an elementary excitation, called spin
wave. To know its properties, one should measure how its frequency with its wavenumber vector. This relation is called
dispersion relation. Spin waves, mediated by dipole-diploe interaction, are called pure-magnetostatic waves. The
dispersion relation of pure-magnetostatic spin waves is characterized by complicated and anisotropic dispersion
relations; their slope may even become negative for the so-called backward volume magnetostatic waves. The
magnetostatic waves have been employed in spintronic and magnonic devices, while the observation of dispersion
relations of pure-magnetostatic waves was one of the challenges.

Recently, we developed a new method for the direct observation of the dispersion relation of pure-magnetostatic
waves by developing a table-top all-optical spectroscopy; we hamed spin-wave tomography (SWaT) [1]. Spin waves are
excited by the illumination of an ultrashort light pulse focused on a very small surface area of a magnet medium. When
the pulse duration and the excitation area of the light pulse are infinitesimally small, the pulse includes all temporal and
spatial wave components according to the Fourier theorem. Then, spin waves of all frequency and wavenumber vector
are created simultaneously and propagate from the excitation point. The created spin waves are observed by using a
time-resolved magneto-optical imaging technique [2]. The Fourier transformation of the observed waveform along the
time and spatial coordinates gives the power spectra of spin waves as a function of the frequency and the wavenumber
vector. The spectra represent the dispersion relation of spin waves. This is the basic concept of SWaT [1].

In this talk, I will introduce our recent studies about the excitation and the propagation dynamics of spin waves
using time-resolved SWaT [1,3] and phase-resolved SWaT [4,5], of which typical data are shown in Figs. 1(a) and 1(b),
respectively.
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Fig. 1 Typical data of (a) time-resolved SWaT [1,3] and (b) phase-resolved SWaT [4,5].
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Improvement of Calculation Accuracy of Axial-Flux-type SR Motor
Hiroki Aizawa, Kenji Nakamura
(Tohoku University)
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m Average torque (N+=m)

1) K. Nakamura, Y. Kumasaka, O. Ichinokura, Journal

) ; Fig. 4  Comparison of torque versus efficiency
of Physics: Conference Series, 903, 012040 (2017).

characteristics.
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Influence of Current Phase Angle on Stall torque of Magnetic-Geared Motor
Koki Ito, Kenji Nakamura

(Tohoku University)

[TL&MHIC Diameter 140 mm

FTIWCEEZLIL, MKRFP—FE—4%%2R1EL, £ Axial length 36 mm
DAEMMZEIET D L &b, BRI~ O Inner pole-pairs 4
AEEMEEZ R LE D, Z20B%OBFICEWT, B Outer pole-pairs 23
XY — FE—FIFERMAAIZEY, B 2z No. of pole pieces 27
TAENAEL D ZERHLMNT -T2, AFaTIE, & Air gap 1.0 mmx3

Gear ratio 5.75

TN AHA DL XY — FE—ZOFE M7 12 %I

M- S\ C, 3 ROCAREEYE (3D-FEM) % Fig. 1 Specifications of a prototyped magnetic-geared motor.
WTHRE(T o D TRET 5. |
= = FYX X
BARAAAA & B LY OBIR 22f eesecc?
Fig. 112, BEHE L LA XY — FE—Z DRk s °
{ER O TAE AT, E—FHIL 349 A m y MR S0t
BOBET & 4 R ONPEE T CHE S, B Z2f
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—/LE— A, 23 fRxt OAMAEER T TR S 4L D
Fig. 2 |2, #BImAAEA IR 2 ~ v 7 o3|
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Fig. 2 Current phase angle versus stall torque.
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T, 3D-FEM Z AW CTHF&1T-o72, 70k, I g . .
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Almm?® THEFELI A %60, 0, 60 & Lia &
BIEELZ 0 A/mm* & L, BAFX YL LT@iEsy
TS A DRE R L LT,

Fig. 3 Radial flux density distribution in air gap between the

pole-pieces and the outer rotor.

Fig. 3 |2, R— /L E— |2 L > TEME N BERE ~ " —

FEW A~ , £7-, Fig. 4 13 FERRERBEIIE D& % e - —
WA D 5 B, b7 R H 55 23 ok L :
HEWBLERRETHSE, ZORERSDE, i 7 o

FIACIS U C, 23 Yy DIRIRASBIE L T V05 = & = i

Wb, Thbb, ARREY—RE—213, B ks Odee  60dee gear

WNARAZHED D & bV 75T D WAy 3
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ABFFED — I RAL RS AIE BELBCRZERE 7 0 75
LTRSS NI,

Fig. 4 The 23rd harmonic content of flux density distribution

shown in Fig. 3.

BE R

1) JVEE, Pk, BAF, HARGKZESTSCRE S 3,1, (2019)
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Efficiency Improvement of Outer Rotor type High-Speed Permanent Magnet Motor
S. Sakurai, K. Nakamura
(Tohoku University)
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(a) SPM (b) IPM

Motor diameter 54 mm
Rated speed 12600 rpm
Rated torque 200 mN-m

Torque (mN-m)
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Fig. 1 Outer rotor type SPM and IPM motors.
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Fig. 2 Comparison of basic characteristics.
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Fig. 3 Comparison of loss characteristics.
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Characteristics of Interior Permanent Magnet Magnetic Gear made of Amorphous Alloy
Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Oishi, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)
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Fig. 212, 3L MREFRIETRO =, SMlllalds1
DER MV EPHOFFMEZRT, P, ZOK
O EEAR| o [E]#E %0 T 300 rpm TH S, [FX(a) & 7LD
L, —RIZT BT 7 AGEDTTNT A FHRK LY
b EAFNE SR E DRI S 0 577, 8RO EHT
TENLNT 7 AEHANDLZET RV RHELTWS
ZENRbnd, £z, RAXbG)EZRSL L, A—LE—
AMETENT 7 AT H T LT, FEEREICE
BTETWAHZ ENbhs,

WNT, 2 b 3FHOMR X Y 2 FZERICRIEL,
Bt Dl %17 > 7=, Fig. 3 12, ZMAlEEEF DK
MV OERINEZRT, ZOXKERD L, ERICE
WTh, A EBHRNPSTENLNT 7 AGEICEET
HZETIVIZNHELTED, Fig 2@z~ LIzEt
FAER L AR Z R L TWAD Z Enbhd,

AW D —EIT ALK T AIE K7 7 v 7 Z
AlZE v ZEENT,

BE Ik
1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001).
2) T. Ikeda, K. Nakamura, and O. Ichinokura, J. Magn. Soc. Jpn., 33,

130 (2009).

3) Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Qishi, Y. Tachiya, K.
Kuritani, Trans. Magn. Special Issues, 3, 74 (2019).

Gear ratio 10.33

Outer diameter 150 mm

Axial length 25 mm

Inner pole-pairs 3

Outer pole-pairs 31

Number of pole-pieces 34

35A250, Amorphous
SMC, Amorphous
Sintered Nd-Fe-B

Core material

Pole-piece material

Magnet material

Fig. 1 Specifications of IPM magnetic gear.
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=01 ——
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Fig. 2 Comparison of calculated torque and iron losses of the
IPM magnetic gears.
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Fig. 3 Comparison of the measured maximum torque of the
IPM magnetic gears.
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Characteristics of DC-DC Converter having High-Frequency Amorphous Transformer
with Interleaved-Winding for HYDC Transmission System
S. Otsu, K. Nakamura (Tohoku University)
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Fig. 2 (2, EJTH#ERA DC-DC =2 /73— & (/R
BEEBR T AT AOMKE RT, REIIERKNE BN
HIEIC L > TEBREBIRPHE I ND Z 05
DC-DC = >/ 3—% O AJJMANFEJ B IR CHdE L
oo —77, HMANTEFERFEELE D EIZ—EITRT
NTWB EREL, EETJR TR L7-, DC-DC =
Y X—%2 D DCIAC ZHEIIA A 7 MR LD,
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Fig. 312, 1 BBAHETENT 7 A FT v A%
WG, duty=06 & L7z &8 EZ RS, 20
Kz 25 &, ANJEEE HIIEIEONAEZE I
<, BRMEMBBERFICHEL TSI ERbnd,
CHIX1EEAREE T AT RENEL, W
NALF DB APD T/hIWNWTZDTH D,

Fig. 4 2RO A2 /R, 1 BERX AR
HZET, EEROMA], WAL v TF o 7]
KOBIFIZ LY, RN LETHZENHALNE
277,

BE Ik
1) HPFEH, e, — BB, ~ 7 %7 4 v 7 AW

ZeaEEl, MAG-14-29 (2014)

2) H. Tanaka, K. Nakamura, O. Ichinokura, J. Magn. Soc. Jpn.,

Vol. 40, pp. 35-38 (2016)

(unit: mm)

0.8
Fig. 1 Shape and dimensions of the amorphous transformer

with interleaved-winding.

Fig. 2 Circuit configuration of the dc-dc converter for HYDC
transmission system.
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Fig. 3 Observed waveforms of the input and output voltage
and current of the amorphous transformer (duty = 0.6).
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Fig. 4 Comparison of efficiency of the dc-dc converters when
the transformer has interleaved-winding and non-
interleaved-winding.
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Influence of Magnetic Saturation on Noise and Efficiency
of DC-DC Converter with Frequency Spreading
K.Nishijima , *S.Amaike
(National Institute of Technology, Toyama College , *Nissan Engineering,Ltd)
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Fig.1 Noise reduction and efficiency for spreading width.
BEZ R
1)  Gerhard F.Bartak, Andreas Abart: EMC’14/Tokyo,15P-B1(2014).
2)  K.Nishijima,S.Ikeda: Journal of the Japan Institute of Power Electronics(in Japanease), 43, pp.81-88(2018).
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Examination of Hybrid Inductor with Large Inductance in Wide Band
K.Shimura, K.Torishima, M.Sato, T.Mizuno, T.Matsuoka
(Shinshu Univ., *Nippon Chemi-Con Corp.)
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Fig. 1 Structure of inductors (unit: mm).
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Fig. 2 Impedance vs. trequency of inductors.
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Development of double five-leg three-phase integrated type variable inductor and
application to 6.6kV Voltage Control Integration System
T. Ohinata, K. Arimatsu, M. Yamada*, T. Kojima* and O. Ichinokura**
(Tohoku Electric Power Co., Inc. , *Fuji Electric Co., Ltd. , **Tohoku Univ.)
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Fig.1 Appearance of the variable inductor.
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Fig.3 Control characteristics of Reactive power.
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2) KHI[, f: BXR T2 CEEA,126 % 10 %5,997-1003(2006).

3) ﬁﬁ?, fit : Fpk 25 FERFREES SRS N3-76 (2013). Fig.5 Appearance of
the Voltage Control Integration System.
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Strong magnetic field array by using cubic permanent magnets
K. Nishimura
(Nat. Inst. Tech., Suzuka Coll.)
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Fig. 1 Shape of the motors.
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Fig. 2 Torque characteristics of proposed model.
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Fig. 3 Comparison of current-torque characteristics.

Table 1 Comparison of fundamental wave of back EMF

Base model Prpposed model
Calculated 194V 174V
Measured 18.0V 142V
Error rate 7.1% 18.4%
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Basic investigation of LLC-LC resonant DC-DC converter using a leakage transformer
T.Denda, K.Sato, T.Sako, T.Minamisawa, T.Sato, M.Sonehara
(Shinshu University)
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Fig.1 | LLC-LC #L4E%! DC-DC = > /38— & O [a] 4] PTT o e } T Vour
3 enetization’ |
BART. SOy S kSR & m; 5 |
FE O SIRE R A Gt b Z Lo kb, HIREM .. Leakage . p.g D,
iﬁﬁ{% IZBW\WT :Yj'\’rfﬁljyﬁﬂ/]’ Vs &“ 7R R 0)%;% %ﬁ'ﬂ Fig. 1 LLC-LC resonant DC-DC converter
1.4 T T 4 T T
A DML E 722> T D AR T, LLC-LC J:iRE S 1) [
DC-DC @y =% & TN IR v N & &Rz & 1 s ] E 3 o 1
7200 LLC-L #6478 DC-DC = v "— ¥ Ofhif e 5. . - T
YD, Tia o4 * * £ " A LLCL (VT 4F)
= . ATLCL s 1F XLLCL(A-7F-F) |1
£ oot * A Rk
ik Sia s S e R R R A
Output current I, [A] Output current I, [A]
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—RABEIR 5 v /X Z OB R Ui i O SHRE R B MK < 72 B 72, EERIEEIC 31T 2 BT
DFIMEN/NEL 720, Figl3lZR Lz RLA VEBRMET T2 2 & CEBBMUBLZZ0EEZLND.

L 2D N

1) Naoki Yabu et al., INTERMAG, Vol. 54, No.11, 2801605(2018)
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Magnetic Circuit Model for High-Efficiency Core Magnetized in High-Frequency Range
Tomoyuki Hatakeyama, *Kenji Nakamura
(Hitachi, Ltd., *Tohoku University)
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Fig. 2 Proposed magnetic circuit model.
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1) K. Fujita, et al.: J. Magn. Soc. Jpn., 37,44 (2013). Fig. 3 Frequency performance of iron loss per
2) K. Nakamura, et al.: IEEE Trans. Magn., 49, 3997 (2013). cycle of nanocrystalline cut core.
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Improvement of Prediction Accuracy of Magnetic Properties in Magnetic Core due to Machining Process by
using LLG Equation
Y. Hane, K. Nakamura, *T. Kawase, *N. Hosokawa and *N. Kurimoto
(Tohoku University, *DENSO CORPORATION)
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Analysis of electromotive force of environmental magnetic field power generation
S.Yamada, S.Ikeda, and K.Tashiro”

(Komatsu University, *Shinshu University)
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Physical reservoir computing based on spin torque oscillator

S. Tsunegi’, T. Taniguchi®, K. Nakajima?, S. Miwa®, K. Yakushiji*, A. Fukushima®, S. Yuasa®, and H. Kubota®
1. Spintronics Research Center, AIST, Tsukuba, Ibaraki, Japan.
2. Graduate School of Information Science and Technology, The Univ. of Tokyo, Bunkyo-ku, Tokyo, Japan.
3. The Institute for Solid State Physics, The Univ. of Tokyo, Kashiwa, Chiba, Japan.

Recently, spintronics devices have been applied to artificial neural networks (ANNs). Spintronics
devices are considered to have high potential due to their small size and high non-linearity. Among
various types of ANNSs, reservoir computing (RC) [1] is an interesting target for applying
spintronics devices. RC utilizes a dynamical system, called a reservoir, driven by a time series input.
The input induces transient dynamics with fading memory in the reservoir. Nonlinear tasks such as
speech recognition are performed by the function of fading memory inside the reservoir. The
interesting point of the RC is that various physical systems can be used as a reservoir [2]. In fact, in
recent years, we have performed the physical RC using a spin torque oscillator (STO) as a reservoir,
and succeeded in the speech recognition task [3].

The figure-of-merit of the RC is examined by short-term memory task which evaluate fading
memory quantitatively. In addition, the ability of non-linear transformation of inputs is evaluated
by parity check task. These computational abilities are quantitatively characterized by the
short-term memory and parity-check capacities. These capacities have been investigated in other
physical systems [2,4], as well as numerical simulation in STOs [5]. However, there is no report
investigating the capacities experimentally in spintronics.

In this study, we investigated computational capability of the physical RC consisting of a vortex
type STO by evaluating these capacities quantitatively. The capacities were measured by output
signal from the STO with respect to modulated inputs. First, we used the voltage as the inputs [6],
where the modulated voltage induced the transient dynamics through spin-transfer effect. The
short-term memory capacity was evaluated to be 1.8 which means that the STO roughly memorized
two bits in the reservoir. Next, we used the microwave field with phase modulation to reduce the
noise of the STO [7]. Optimizing the microwave amplitude, the short-time memory capacity was
maximized to be 3.6. This value is two times larger than that of voltage input. The parity-check
capacity was also evaluated for the first time, which was 3.1 at maximum. The results indicated
that the reduction of the noise in the STO is a key for the improvement of computing capability of
physical RC.

This work was based on the results obtained from a project (Innovative AI Chips and
Next-Generation Computing Technology Development/(2) Development of next-generation
computing technologies/Exploration of Neuromorphic Dynamics towards Future

Symbiotic Society) commissioned by NEDO.
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Acrtificial Neural Networks with Spintronics

S. Fukami®®, W. A. Borders®, A. Kurenkov'?, and H. Ohno?®
! Laboratory for Nanoelectronics and Spintronics, RIEC, Tohoku University, Sendai 980-8577 Japan
2 Center for Science and Innovation in Spintronics, Tohoku University, Sendai, 980-8577 Japan
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* Center for Innovative Integrated Electronic Systems, Tohoku University, Sendai 980-0845 Japan
>WPI-Advanced Institute for Materials Research, Tohoku University, Sendai, 980-8577 Japan

Biological neural network consisting of neurons and synapses is a model system of computation when one develops
hardware executing complex cognitive tasks that the conventional von Neumann computers cannot readily complete.
Here we discuss a spintronics technology to construct artificial neural networks where spintronics devices mimic the
function of neurons and synapses. Spintronics devices, namely magnetic tunnel junctions, are critical building block of
magnetoresistive random access memory which has been commercialized recently. In addition, recent studies have
revealed unexplored functionalities of spintronics devices holding promise for the artificial neural networks [1-5].

In this presentation, we will describe our studies on artificial neural networks based on spintronics technologies. We
utilize analog spin-orbit torque devices with an antiferromagnet-ferromagnet bilayer structure as an artificial synapse
[6]. We will show a Hopfield-model based associative memory where the capability of supervised learning of the
synaptic devices is confirmed [7]. We will also present that the spin-orbit torque switching can reproduce characteristic
dynamics of biological synapses and neurons, spike-timing-dependent plasticity and leaky integrate-and-fire,
respectively [8], making the systems attractive building blocks for spiking neural network. Mechanism underlying the
observed neuron- and synapse-like behavior will be also discussed [9].

This work is jointly carried out with S. Sato and Y. Horio of Tohoku University, P. Gambardella of ETH Zurich, F.
Maccherozzi of Diamond Light Source, and their group members. A part of the work has been supported by the R&D
Project for ICT Key Technology of MEXT, IMPACT Program of CSTI, JST-OPERA, JSPS KAKENHI 17H06093,
18KKO0143, 19H05622, JSPS Core-to-Core Program, and Cooperative Research Projects of RIEC.
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Brownian computing using skyrmions and reservoir computing

in magnetic dot-arrays

M. Goto'?, T. Nozaki?, H Nomural?®, H. Kubota?, and Y. Suzuki!?3
! Graduate School of Engineering Science, Osaka University, Osaka 560-8531, Japan
2 National Institute of Advanced Industrial Science and Technology (AIST), Ibaraki 305-8568, Japan
8 Center for Spintronics Research Network (CSRN), Graduate School of Engineering Science, Osaka
University, Osaka 560-8531, Japan

Recent progress and attention regarding an artificial intelligence promotes the research on
neuromorphic computing using various physical systems which is not von Neuman type computer.
Spintronics is one of the candidates for such a computing technology with the low power consumption. In
this study, we discuss two types of basic technology for spin computing, Brownian computing and reservoir
computing.

Brownian computing utilizes the random motion of particles, such as Brownian motion, which can
calculate information with low energy close to the thermodynamics limitY. We use Skyrmion Brownian
motion for Brownian computing. Skyrmion is the Brownian particle in solid state material and is
topologically protected spin structure which can be detected and controlled at room temperature. We
deposited the Skyrmion film, Ta | CoFeB | Ta | MgO | SiO, on Si | SiO; substrate. The magnetic anisotropy
of CoFeB is partially modulated by changing thickness of SiO, capping, which forms Skyrmion circuit
without strong pinning site. Figure 1 shows the magneto-optical Kerr effect (MOKE) microscope image of
the Skyrmion film. The Skyrmion shown as a black dot is confined in the area surrounded by dashed lines
which is the area of thin SiO; layer and is low potential energy for Skyrmion. Skyrmion can propagate in the
Skyrmion circuit stochastically, which is the basic technology for Brownian computing.

The other is reservoir computing using magnetic dot array. Reservoir computing? which extract
important information from intricated signal by learning the weight of the output nodes. Figure 2 shows the
time evolution of the magnetic anisotropy of the magnetic dots. Blue and yellow dots show finite and zero
perpendicular magnetic anisotropy, whose states change from stage 0 to stage 6. The magnetization of dot
array is numerically calculated, and the weight is optimized. We succeeded in calculating the AND, OR, and
XOR operation by magnetic dots array at the temperature of 0 K. This research is the basis for experimental
research of artificial spin glass.
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Coherent signal transfer along skyrmion strings

Shinichiro Seki
(Department of Applied Physics, University of Tokyo)

Magnetic skyrmion, a topological soliton characterized by swirling spin texture appearing in two-dimensional system,
has recently attracted attention as a stable particle-like object. In the three-dimensional system, skyrmion forms a string
structure in analogy with the vortex-line in superconductors / superfluids and cosmic string in the universe, whose
unigue topology and symmetry may also host nontrivial response functions. In this talk, we discuss the propagation
character of spin excitations on skyrmion strings. We find that this propagation is directionally non-reciprocal, and the
degree of non-reciprocity, as well as the associated group velocity and decay length, are strongly dependent on the
character of the excitation modes. Our theoretical calculation establishes the corresponding dispersion relationship,
which well reproduces the experimentally observed features. Notably, these spin excitations can propagate over a
distance exceeding 10 times the skyrmion diameter, demonstrating the excellent long-range nature of the excitation
propagation on the skyrmion strings. The present results offer a comprehensive picture of the propagation dynamics of
skyrmion string excitations, and suggest the possibility of unidirectional information transfer along such
topologically-protected strings.
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Figure 1. Schematic illustration of spin excitation propagating along skyrmion strings.
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Quantum magnonics in ferromagnetic insulators
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2 Center for Emergent Matter Science (CEMS), RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan

Ferromagnetic resonances (FMR) have been studied for decades. They generate high-quality oscillations of
magnetization at microwave frequencies and are applied to various devices such as frequency-stabilized oscillators,
narrow-band filters, etc. However, it was very recent that the quest for quantum control and measurement of the
collective spin excitations in ferromagnetic materials started.

For FMR at o,/2n= 10 GHz, a quantum of the magnetostatic oscillation mode, a magnon, has the energy % oy
corresponding to the thermal energy of kgx 0.5 K. Thus, at 10 mK in a dilution refrigerator, the number of thermally
excited magnons in the mode could be negligibly small, i.e., the mode could be in a magnon vacuum.

We use the Kittel mode of a single crystalline yttrium iron garnet sphere and couple the spatially uniform collective spin
precession with microwave photons in a cavity, demonstrating strong coupling between the two harmonic oscillator
modes.” We next accommodate in the same cavity a superconducting qubit which consists of a Josephson junction and
two antenna pads.? The nonlinearity provided by Josephson effect results in an effective two level system, i.e., a
quantum bit, with which we control the quantum state of the magnetostatic mode at a single magnon level. We observe
an energy level splitting of the qubit excitation due to the interaction with the magnon vacuum via the virtual photon
excitation in the cavity. When the magnon and qubit frequencies are detuned, the dispersive interaction between them
enables us to count the number of magnons excited in the millimeter-sized sphere one by one.®

We also use this strong dispersive interaction to demonstrate novel protocols for quantum-enhanced sensing of magnons.
First, we demonstrate a magnon detection sensitivity of about 10 magnons/y" Hz by using a simple quantum sensing
protocol that relies on dephasing of the qubit from the excitations of magnons in the ferromagnetic crystal. In a second
experiment, we entangle the Kittel mode with the qubit through a conditional excitation of the qubit, which we use to
demonstrate the single shot detection of a single magnon with a detection efficiency close to 70%, therefore bringing
the equivalent of the single photon detector to the field of magnonics.

For a recent review of the progress in the field, see Ref. 4).
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Machine-learning computation utilizing spin waves
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In next-generation internet of things (loT) era, information processing near/at terminal devices, so-called “edge
computing”, is necessary to receive the merits of big data by constructing a load distribution network. Since such
information processing contains information extraction, compression, and disposal from time-sequential data detected
by sensors, it requires machine-learning devices. The most effective edge computing system can be realized if each
terminal has an on-chip machine-learning device with high performance and extremely low power consumption.
Reservoir computing is a computational framework which is originally based on recurrent neural networks [1,2]. A
reservoir computing system is composed of a reservoir part and a readout part. In the reservoir part, input
time-sequential data are nonlinearly transformed to high-dimensional spatiotemporal signals. In the readout part, the
high-dimensional signals generated by the reservoir in response to input sequential data are used for pattern analysis of
dynamical features of the input sequential data with a learning process. Notably, recent studies have demonstrated that
reservoir computing is technically advantageous for on-chip machine-learning device [3]: Reservoir computing can be
realized with nonlinear physical phenomena for the reservoir part and feasible numbers of weights for the readout part.
For successful reservoir computing in pattern recognition tasks, it was found that a physical reservoir should satisfy
several requirements, such as input history-dependent response, nonlinearity, and fading memory.
Spins in a magnetic material are intrinsically nonvolatile and history-dependent characteristics can be obtained in their
distribution and dynamic motions. Thus, the spin system in a ferromagnetic material (or a ferrimagnetic material) has
a potential capability for reservoir computing devices. There have been some successful reports on reservoir
computing utilizing on-chip spin devices with one input node and one output node, in which time-sequential discrete
values in the output were virtually used as multiple nodes for computing [4, 5]. However, feasible on-chip reservoir
computing devices, which have many real inputs/outputs for advanced information processing, have not been proposed
or demonstrated since there are some difficulties to overcome, particularly, the wiring explosion problem. To create
such devices, on-chip wave-based computing devices are very promising since it requires a small number of wirings [6].
Motivated by these backgrounds, we proposed an on-chip spin-wave-based reservoir computing device with multiple
inputs and outputs, as shown in Figure [7], where spin waves are locally excited by the input electrodes, then they
transmit through the continuous magnetic garnet film, and finally the resultant spin waves are locally detected by the
output electrodes. A notable feature is that nonlinear interference and history-dependent characteristics of spin waves
are used as computation, which can be realized by moderately-unstable precession of spins with a vertical magnetic
field below 500 Oe that is available in the matured magnetic bubble technology. Utilizing this device as the reservoir
part, reservoir computing can be performed by the weighted sum of multiple outputs in the output part. From
successful computation using a micromagnetics simulator based on Landau-Lifshits-Gilbert (LLG) equation, we
demonstrated that this device works well as a reservoir showing good
generalization  characteristics applicable to  machine-learning
S . ol » information processing.
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Magnon transistor for next generation computing

Koji Sekiguchi
Faculty of Engineering, Yokohama National University,
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Advanced electronics uses the charge of conduction electron as an information carrier, and the nanotechnology
allows a robust control of charge flow. Electronics developed highly integrated systems such as LSI which leads to a
laptop computer and a smart phone. We are facing the drastic change of CPS/IoT society. The developments of
semiconductor technology suggest a new class of devices such as the wearable and CPS/IoT devices, and generate
enormous amount of information up to YB (10%*B). While, the CPS/IoT society requires a clean energy source and
more energy efficient devices for the signal processing. The electronics is now facing the dilemma: realization of the
fast processing and low energy loss operation.

A research field which seeks for a ultralow power consumption device by manipulating spin waves in micro
fabricated devices is now called ”magnonics or magnon spintronics”, in which a spin-wave is treated quantum
mechanically and described by a quasi-particle of “magnon”.) The crucial difference of magnonics from
electronics is that a flow of magnon is a flow of angular momentum and generate no Joule heating.>™
Furthermore, magnons have a potential to transmit information with GHz-THz carrier frequencies. Magnon can be
created by electric microwave in general, however magnon is also possible to be generated by thermal and optical
methods. Magnonics now becomes a multi-disciplinary research field including electronics, magnetics, thermal

38 For example, there

engineering, and optics, and shows a potential to create multi-functional device principles.
is the possibility to create a non-Boolean magnon transistor and a neuron-like signal processing with
multi-input/output architecture 7.

In this background, a new type of magnon transistor was proposed using a magnon nonreciprocity discovered in
an anisotropic ferromagnetic Fe waveguide 8). Since the cubic anisotropy of Fe allows four different magnetization
directions for a fabricated waveguide, a magnon generated by the source antenna shows an asymmetric wavefront,
according to the magnetization directions; the magnon densities of top and bottom sides of the waveguide, at the
detection antenna, exhibit a strong nonreciprocity (edge-mode magnon nonreciprocity). By combining the two units
of Fe waveguide, the XOR and XNOR gates can be constructed. With a similar way, the combination of three units
provides AND, NAND, OR, and NOR gates. Logic gates using the edge-mode magnon nonreciprocity allow a
no-field operation and a simple architecture. To construct next generation magnonic computing, these logic
architectures suggest the important progress of magnon transistor: reconfigurable and nonvolatile operations.
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Logic gates using spin waves
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Magnonics is an important research field that aims to realize post-CMOS devices by taking advantage of spin waves
(SWs). The wave properties of SWs enable multiple input/output logic operation modes depending on the orientation of
the wavevector/wavelength and the magnetization direction. A yttrium iron garnet (YIG) is suitable as a SW propagation
medium because of its low damping constant. And a forward volume SW mode is preferable for construction of SW logic
circuits because it enables the use of waveguides with curved and bent section. However, the logic gate using forward
volume SWs propagating in YIG films were not demonstrated. Hence, we show our recent works on the development of
the devices and discuss future work related to new computation using SWs.

First, we fabricated the three port SW EXNOR gate using ~20 pm thick YIG film." This gate worked as a SW phase

interferometer. The device size was 1 mm x 16 mm. Edge reflection of SWs was totally canceled by abruption boundaries
using gold films.

Second, four port SW AND and OR gates were demonstrated (Figure 1).2

Control

Fig. 1 Fabricated four ports spin wave logic gate using ~10 pm thick single crystalline YIG film.

This device also worked as a majority gate. The interferometer consisted of 10 um thick monocrystalline YIG film grown
a gadolinium gallium garnet substrate. The ¥ shaped waveguide was composed of three input ports. Input 1 and input 2
entered the junction area with 45° angle of incidence. The ridge waveguide was fabricated using photolithography and a
micro-sandblasting technique. The film was magnetized perpendicular to the plane so that forward volume SWs were
excited. Figure 2 showed the obtained results. Multilevel AND and OR gates were demonstrated. In the conference,
miniaturized SW logic gates would be also shown.

Output phase @, (rad) Output phase 6, (rad)
n n/2 0 n n/2 0
2n
. <
@ (0]
wn w
£ £
a T a
= =
(= 5 0.
£ =
0
0 pis 2n

Input phase 6, Input phase &,
Fig. 2 AND (left) and OR (right) operation configuration obtained by experiment.
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Local magnetic property evaluation of carbon steel by magneto-optical effect
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FDTD simulations of Faraday and polar Kerr effects for composite structures
with squarely arranged Au particles and Bi:YIG films
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Scanning magnetic microscope based on x-ray magnetic circularly polarized emission
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HERTEVIENREZ RS, ISHMAANOREDSPEGI NG, BUE, AFEE MM U 221U i o R
BEOREZEDTE Y, ZORARTIRHHAFEDOERIZOVTHRET D,

2 BERBLUER

A F6 2 R B Ji S S JfE R SPring-8 D &MY — AT 1 ¥ BL1IXU T2 T4, AFHEIZ & DK BEBEORLK %
Fig. 1 1ZR9, ASF X HE, F9TEAFRICE VAR BICEEI NG, ZERIDMEREIEZ ZTHREY | M3 REST
I/‘/X%ﬁﬁb\f* 10 um X THFEZED TN D, RS IZHOE X BMBFEE S, The LD TETF L. £S5 DM
fRpT 2 B I HEE 9 D IR AT LR TH D, Montel LI T —THRELI N, @ARUEICBHBHDNERFTDH
%, F'ﬂ}?’m‘nﬁﬁ*ﬁ%uﬁ XA Y EY RBMHT L Ge(400) = 4L
F—HREMRLE IR0 585, BHFIZE Y PR & Bt

Circular polarization

SOMELHE T, F TRV EF—REMFEAHHTT  analyzer <>Dete°t°r
IOV X —HRY B & FRC AR £ FEI L. 2 225 IR Energy and
W% 135, 185N FIRHIE D D TR OBAL AR E Y | it |:|
MR ERTSHZLICE Y, BbD 2 ey TRB, (Ge 400) O Collimating
B, BB A X <, 7, 3d BB RRILHENE phase retarder (Montel mirror)
FBWHEEHS TV L WS BIENS, HREERHINRKZ #A
Eo REEX SOOI RV E—IX 173 keV, HETFIE 45 Y L
o ZOBG. REHS 10 yum FEOFIHROHEHRE BTN S w—> l]
; X- i i
LEBE>TVS, B 65um AT Y 7. 30 um A5 7T, Y Focusingoptics  Sample
3 mmx3 mm DB ZET L, AN T TIROBK & EHO
lancet f[X 2 B5 32 Z e BT E 2, S, A X RO T 3 Fig. 1 Top view of experimental layout.

¥ —% EIF- L0 EBONES 2R LTV,
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~ A7V AT A ZHWTRNEFEIRITTT A AT LA D
EARE AL & B IE AL

OAltankhuyag Khishig-Ochir, ARATEGA, FHEEEE, AT BIERK—. FRRE—,
Lim Pang Boey, WWH#/A, J Lk
(BHEEFR, *h—V —<A )

Increasing viewing angle and magnifying image for magneto-optical 3D display using microlens array
A. Khishig-Ochir, Y. Kimura, Y. Ito, T. Goto, Y. Nakamura, P. B. Lim, H. Uchida, M. Inoue
(Toyohashi Univ. of Tech., *Holymine)

[FL®HIC

IRFEE 77 D AE CIZ K JRWEBFAZRD, Ar 2777 4 v 7 3WIL@BD)T 4 AT LA ZHEBT H-DIT
WMERIFNEDISHINTWD D, REREHAEZEL DTN 7 BARMETHY | 1 pmP A X
CTRHMFESICE 7 BV AR T 528 BLROESHBIFEMARHS T80, 3D T 4 A7 LA OERL
~OBETH D, TATHRETIEAR 7T 52— F —X L L Citdkd 5 2 & Crodksf o EiE 2 X > T &
7o, EEEEENMAROEZ AR F T A0 L)L, BOMREE CIAEHICE XA Z ERRETH -
oo TITHRAXIZIA 7L AT LA (MLA) EMEENDI/NL  ADRES S NTZE T2 AT, 50
v BN ERIRFICE AL, D oEEEEEA T 5 FiEEZ W 2, R TIE. 2O MLA & W2 %
RICE DA T T AOFEKE 3 RITLBOFAEICBNT, HHAZINT D & L BE2IRT 5 BN THR
5,

HER

ma T AOERTIE, V—FHET XNV T—FT /31 A (DMD) THELHFHZ L=k, MLAIZL > T
L, M LI B EBENFERICEZIAATL, MLA DLV XAy FIE DMD OB 7 L E v F &
[{—T 13.68um TH 5, ZD L = DMD O 7 E/AMMREIZAHY T 5 13.68X13.68um2 D EFEZEET 5 &
T DMD O% A XA THDH 1 cm?2 OMEE YA AOBREIAHLDAREL 72D | By 27— U OFHANAIREIC 72
O, BFEELZN ESELZ LN TED, EEAEHEBHEHEZFAEST 2L T, B8 5L
ZHIENTED, FAEX ma7 T A0 ANS0 0 REBEBLEN/ NS DL, W TEA/4ERE
W& i L= FE Rt 2 A S8, Bt CREEDOER S Z B0 W9, BodEkiT, Lo X2 SHn
T L D 2 5OREBIF R CHAEBREILKT 5 HEE AV,

HEMAT 7T ML T, MHFKRT L —2DFRu T AEFHE L, ik - AW D MR
A F B =LAy ZIEIZ K o THE L 72 SiN(30 nm)/ a-TbFe(50 nm)/ SiN(20 nm)/ 4 7 A FA & v 7=,

3D ROB4XE
B EER A VTR R 7T A A REMERIC SR L, IR 532 nm O L—H L

WS X > THAE LN HE 7 L—2aDku 75 7 4 % Fig. 1 \Rd, FHHET
RKDTZE@YIZ 2.5 mm ADONLHED 3 R HEISNT, BV BALE YT
31 umTH Y, 2D L XHEFA 29 deg NG HNTZ, KIT 2 (FOFEGLFR
ERNWTHR AR 7T 7 4 OFAEBOILRZIT T, ZORER, BEEDN 2
B DL xMER T2 N TEI,

L Z D&

1) K. Nakamura, et al., Appl. Phys. Lett. 108, 022404 (2016). Fig. 1. A 3D cubic frame image

NS RUTEEIIN reconstructed using magneto-optical
2) AFBIAN, 5542 [ AR ELERHRAMEE 12aPS-60 2018).  nolography,
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B L IERIE 7 4 NV Z IS KD End s X BLEG D ) A KUK
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Noise reduction for high speed domain observation images using machine learning and non-linear filters
Y. Odagiri, M. Abe*, Y. Horaguchi*, E. Yanagisawa, S. Meguro, M. Kawamata*, S. Saito*
(Neoark Corporation, *Tohoku University)

[FCHIC BRSNS WRENE XL TR —F —0 a7 e LTRESIEA SN TRBY . TOMiEX
F]F o X R HLhR EFICERT A 720, #IERIEREIRO —RE L THROD CEETH D, S
PEAT B ORESETER O FE & L CIIEEREBICB I 2MEBENEH TH S, FHxlTZhE THRAOLE
Kerr VR ZFIM L7c em A — F O LR BRI BIEEE OB 21T > TE TRV D, pdHE RS T T
0 IR LB OROBIRBIZR A1T 5 72012, 10,000fps LA EDO T L—AL— R TOT v a3 v MREIZEDY
MATE e, ZHEMBORIVERED AT ORM, KFROEBEHFEOYUFZE L Vo TRICEY 50 Hz O
ARV T FeSi R T B/ 7 7 A OBAGIEBRO T v v a v MASEZERTETWD, LLAERS
R OME ., REHE - RS OEEUERHIR SN D72, va vy N A XFED ) A XK FRE T
Holz, FITRMITL TR, BEHBEXBERED ) A XK T 572012, MBI E ) A X7 4V H %
Bt Lz,

Z21IVE3DREE  BERIZECICEE O RS OZALARIBIC /e D 2 L A8 720123, £, 7 L— AL
TEMBERO 7 4 VZIZLD ) A REWPMETH D, THEEBT HFIEE LTS 2 Az g
BARE LT, SRl SE CiL Convolutional Neural Network (2 L D4 — b= a—&ZHW, #HhiliH Y
FHEAT oIz, FERFEMIZOWTIE, #AiT —& & LT 256 BIOEELE T Wil 2, Ai7—2 L LT
Urvay FCHEAG LR EZ Ve, RIZ, BHZICE 25565 2K 5 72 DIZIIEIE 7 4 v &
ZRFRHITEIRICE T2 Z DA TH D, AIENTZERA R EE O R Z b Z B0 BR< R BB TE 5 A
TAT T 4B E RN,

BEER  Fig 1 37EA 77 AWML EEEND AT THRELEZHEAS 1 7L—2&28 0 HLEZL0T
BV (a) IFEFEESEE, (b) 1X () ITXL /A RXE 7 4V FE2EH LB TH D, EHL0mEBE
8 By FOMBIRE CUEAEIToTWD, £ EICIER TS &, va v b A ADKIBICRR S v 3, Bt
IRRER NS — U SBIEAL LT 2 E D, () 1X (a). (b) ODBFDOEMREICKICT DHEDT A>T a7 7
ANERLTEYD, /A APKIBIEB SN THD Z ERDN5, (a). (b) OBF O TR A 72 REE 0O FEE
EARNTT AORHERZFNT 5 &, 74 AVZEARNL 75 o720t LT, 7 4 v Z ik 5.1~
CHELTEBY, 74 NVAREERMICHRTE D,

PR T, BCEE 7 VB LRI T 4 VX O OFEIB LY, BER GO T 4 V2 D v T O R E
FES AW CTHRET 5,

ZEIHR 1) S. Meguro et al.: 28" Ann. Conf. Magn. Soc. Jpn., 24aF-9 (2004).

g e | -
gt ) [ m ©)
; | “;'/w i |
& 127 111 T A/
2T (I
Y \
250pm 0 Position o

Fig.1 Magnetic domain images (a) without and (b) with machine learning and non-linear filters. (c) Brightness line profiles.
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Nanoparticle Approach to the Formation of Sm(Fe,,Co,),Ti Particles

J. Kim", T. T. Trinh*, R. Sato" and T. Teranishi*
! Institute for Chemical Research, Kyoto University, Uji, Japan.

Recently, thin films of Sm(Fe;_Coy)1> compounds (0 < x < 0.3) have been successfully synthesized [1] and they showed
the excellent intrinsic hard magnetic properties, i.e.,, Mg of 1.78 T, Ha of 12 T, and T¢ of 859 K. On the other hand, to
obtain the isolated particles of RFe;, compounds, we need a nonmagnetic stabilizer, i.e., R(Fe, M), (M: Ti, V, Cr, Mn,
Mo, W, Al, or Si), for maintaining the ThMny, structure due to the thermodynamic instability. However, these stabilizers
lead the decrease of a saturation magnetization by substituting with Fe sites. Element Ti can stabilize the ThMny, structure
with the smallest amount among the above stabilizers [2]. On the other hand, a reduction diffusion (RD) process was
found to be an effective synthesis method for Sm,Fe ;N3 particles [3,4] because this process can produce the equiaxed-
shape particles with the lower temperature than metal melting method. In this study, we focus on the synthesis of asingle-
phase Sm(Fe,.«Coy) 11 Ti (0<x <0.3) particles and the investigation on the magnetic properties depending on the RD times.
First, the mixture of Sm acetate, Fe acetate, Co acetate, and Ti isopropoxide was chemically reacted in organic solvents
to obtain the metal-oxides nanoparticles (NPs). Then, these NPs were calcined to remove organic ligands and the H,
reduction and RD process with Ca metal were conducted to reduce the metal ions. Finally, the products were washed with
N,-purged mQH,0 to remove CaO and the remaining Ca metal.

Figure 1 shows the XRD patterns of Sm(Fe;.,Co,).1Ti particles with different RD times at 1223 K. Nearly single-phase
Sm(FeCo,)11 Ti with <1wt% impurities ((Fe-Co),Ti and/or Fe-Co) was produced by the RD process for 1/6-1 h. On the
other hands, the RD process for 2 h gave a larger amount of impurity assigned at around 44.8 ° due to the evaporation of
Sm, asseenin Fig.1. Figure 2 shows the SEM images and the coercivities of Sm(Fe;.Coy)1.Ti particles depending on the
RD times. The H, increased with decreasing the RD time because both growth and fusion of particles were suppressed to
maintain the equiaxed-shape of particle, as seen in SEM images of Fig. 2 (SEM images).

Reference

1) Y.Hirayamaet al., Scripta Materialia, 138 (2017) 62—65

2) K H JBuschow, Report on Progressin Physics, 54 (1991) 1123
3) S.Okadaetal., AIPADVANCES7 (2017) 056219

4) J. Kimetal., Chemistry Letters, in press.

V¥: Sm(Fe,,Co,),Ti

AN
1/6h
1/2h
1h
2h
Fig. 1 XRD patterns of Sm(FeyxCoy)11Ti particles Fig. 2 SEM images (upper) and coercivities (down) of
depending on RD times (1/6, 1/2, 1, and 2 h) at Sm(Fe;.«Coy)11Ti particles depending on RD times at
1233 K. 1233 K.
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Sm(Fe,Ti)iz T & ¥ ¥ I ¥ V0L 7T D /R

UTREE] L RS 2 sguh el 1 db B!
("HALKR. 2ESICMM, NIMS)

Attempt for epitaxially grown particulate Sm(Fe, Ti)» films with high coercivity
T. Kondo', S. Okamoto'?, N. Kikuchi!, O. Kitakami'
('Tohoku Univ., 2ESICMM, NIMS)

ZE®HIT

HIfE, NdyFeuB BéA N ERED KA A & LT HDD, EV 2 SRS FIH ENTWAE R, &5
% A ERER AT & L C, NdoFesB Wt &8 2 5 H K AR OB PNYIL X TV 5, T4, ThMn i
% 12 R-Fepp (R:fr THATLHR) MY NdoFesB Wi & 8 2 DEREHENHE SN DD, KREREHEZED
TWb, oL, RFen REEAMEHZOWT, flix OMRGFHI GBI O TERELS) He 13 IT LRI E- T
BY., H/Hc < 0.1 L7725 TW5D Y, KREFFETIL, REIBEEOJFERGEZ B E LT SmFep; KT
Sm(Fe, Ti)n IO T X X2 v VEEZ{To72, TNETORETIE VA FTHIEEL L THEINTWD
23D V/SmFen S COIEMAHER STV D728, (RN RBBOFHEMGEICIIREY & Ebhbd, £
D=8, ZZTIEW FHEZ AW TG 21T 72,

EBRGE
RV IE A% 232 T T2, (ERIBUEHE MgO sub. IN
/W (20) / SmFer> (30) / W (10) (B :nm) & L7=, #Edh AL g L o % § §
@ B4R 1. MgO (001)[100]W(V) (001)[110]/|SmFe1, g % 2 = B
(00D)[100]& 72> TV 5, (FEIL L7 fBERE ORFAIE, X S| & £
[E4r(XRD). J5.- -8 /1 B EE (AFM)., &= 45 5 T BAMEE(SEM). g @ \ w/o Ti ‘A
IRENRUBHLREE I (VSM), BE R — VR AHE)IEZH  E _
U\T/??Of:O 1 |LJ| L 1 1 1 Tlla(jldeld 1 1 1
EBRRR 30 50 90
Figure 1 (Z/E#Y L7~ SmFe, 35> XRD OHIEREH % 20(deg)

KT, ANy X L— MNOEWIBEZ RKELIED 2 &
T. SmFen002. 004 Db — 7 NFHFH37.4° | 79.7° ?gg%n ]2i<|$nfs> profiles of SmFe:, and Sm(Fe,
FHTFICBIIE N CTWD, £72 a-Fe HEDE— 7 [Tk

ENT. W T ETO SmFep fHO T B X 3o ¥ )Lk E
WP Lz, F£7-, Ti OF MK LT SmFel2 D E—7 1
WCENECTWDN T Z@FENZHRIML TWD Z & MNJR Ti added
K &E 2 Hib, Figure 2 mE G M ORAL IR % 7R, \
Ti #sN72 LOBEIIREES 1Y 02T BRETH DA, Ti il
M LY 07T 1T L7e, A%IE Ti MR OfERE & &
BT, He DR ORI T, ARG ELEE _
AT 5, wio Ti

L 2B 3 0 3
Magnetic Field (T)

1) Y. Hirayama et al. Scr. Mater. 138,62 (2017)

2) Y. Hirayama et al. Scr. Mater. 95, 70 (2015) Figure2 Perpendicular magnetization curves
3) D.Ogawa et al. Scr. Mater. 164,140 (2019) of SmFe12 and Sm(Fe, Ti)12 films

4) T. Sato et al. J. Appl. Phys. 122, 053903 (2017)
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SmFe1, AR AT DRse R Bk

IR, IS0
(THELERY)
Magnetic properties of SmFe1, magnets
Tetsuji Saito, Fumiya Watanabe
(Chiba Institute of Technology)

[FLHIZ

B VERE 72 Nd-Fe-B Wi A 25 B S C LUK THRGA ORFZE A HIC T, 2 E T SmFe-N if 72
R/ HEBANARINTE R, LrLgld, AR CEBEBEOH LWERFLEW & LT 1-12
B 5-17 Blp EOERBLEH N ERE S LTS M2, ZZCHtHEER L EBEROGEL LT Smfe &
&R0, AUREEEVEIC X W ERL L7 SmFe B4 Ok & BERFFEICOW TR & 2 A, AmEEREIEIC X
D 5-17 B D SmsFey BZREAMMERTEX 5 2 Lotz ¥, F72, 1-12 B SnFey, BWGA &AM EEFEEIC XL
DIERLCTX 5 Z Wb hro TE Y, ABFZE CITABEERIEIC L 0 ERLL 72 SwFey R A& RUnEH O AL
ZIET T A< BEREE TR ATz, 5 HITe SmFern Bl O & BERFHED BRI OWTHE T 2,
REBRAE

T3 RS B BRI AREIC L U ERL L 72 SoFe . &4 KON SmFey A4 D Fe O—H % Ti, V 72 & CiE
B L7 SmFe RA& % HEHIH W, BONTEAEEIERIC ) ANVERT HAREI AN T VI R
PEEBIARAITVES E L, BONEEEE /) AVhbiin —/L BSR4 25 Z LI X 2mEeE Lz,
O FEHIIE 1 -2mm, JE S 1020 um ORB R TH o 7o, FONTEMMER 2k L7 SmFe RA4H
KOBECRIGIIIE T T A~ BEfEIETITo T, RBREY 7 A~ BRI, BEEE 773—1073K TfTo 7=,
3 DN BOREIE L X BREITTEEE (XRD) . SR O AR L1 FE 1 BEAREE (TEM) TI~7=, F£7=. Boneik
BFORBR A TR B RS 5 (VSM) THIE L7,

HBRESUVER
BRI [ CHERL L 72 SnFen, &4 AT I IE Y | (emu/g)
7 A PERIECEILRIE C& 5 Z & Bbholz, £ 150 1

SmFe, &4 D Fe O—¥ % Ti, V 72 & CE#2 L 7= SmFe.
REeamER b RRICELERIETE 52 LR
ST, BT SmFe ARG OBEEFFEZ R~ & 2
A, BT T X< PefkiE CIERL LT- SnFe . RfA O
LHFPEI SmFe . SR DRLRR & 1 7 T X~ BEfb 4
WCRELSIKGFETDZ b rot, K1LICKET T X
< BEAREIE CTHERLL 7= Sm(Fe, Ti) n BEA DB AT Y 2R
Hiff 4~ 7, 7 7 X~ BEfiiE CIER L 72 SmFe %
FIEHFE D RE R 2R S 720D, SmFe, A D

Fe O—#h% Ti TEHL L 72 Sm(Fe, Ti) 1o A1 1% 5kO0e % 150 4

M2 DREXRBBE 2 mT 2 EBNbholz, BIfEIX

SmFe, RGO /2 DR O EA HEE LT, foi Fig.1 Hysteresis loop of Sm(Fe, Ti):» magnets
FHRR & B BERE Sl SV TTHRFET L T B, prepared by the spark plasma sintering method.
& XH

1) F R.De. Boer, Y. K. Huang, D. B. De Mooij, and K. H. J. Buschow, J. Less-Common Met., vol.135 (1987) 199.
2) F.J. G Landgraf, G. S. Schneider, V. Villas-Boas, and F. P. Missell, J. Less-Common Met., vol.163 (1990) 209.
3) T. Saito, J. Alloys Compd., vol. 440 (2007) 315.

4) T. Saito, H. Miyoshi, and D. N Hamane, J. Alloys Compd., vol. 519 (2012) 144.
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WORIIN T L 7= 20800 T Nd-Fe-B A7 DR L S Hin 6 FE 5

TEH B, SgHREA Y, [ARTR 12, Jk & !, H. Sepehri-Amin?,
ROALRIENS 2, FEFTE 2, B @3, AREDES ¢
(RAERZ: 1, ESICMM, NIMS?, KIRIRFERSI(IR) °, (k) &2 A R —&E T 4
Detection of elemental magnetization reversal events in a micropatterned hot-deformed Nd-Fe-B magnet
T. Yomogita!, N. Kikuchi!, S. Okamoto'-2, O. Kitakami', H. Sepehri-Amin?,
T. Ohkubo?, K. Hono?, K. Hioki?®, and A. Hattori*
(Tohoku Univ., 2ESICMM, NIMS, 3 Daido Steel Co. Ltd., * Daido Electronics Co. Ltd.)

[FLHIS

PNV KA I T DAV AR, WK IR 72 D ONTHERE 7 & = o 7 BIG )3 ]
P IEANTA U TN D, A OIRBEIHRE DFRIANCIE, BHERERFIRREGHI 21TV, BV &8
FICEE DS SRNTZAT 5 2 ERARBEMICEE L E XD D, 20O, BALKEREREIG DM
WLUHHMESLETH Y, REORMIL & SR B LEH N ER S s . £ 2 TAIFE T
BN T Nd-Fe-B i 42 R A 4> v — 24 (FIB) (X 0BT L, BEAR—/L2%E (AHE) IZ
K DA ATz, BRI TR TXIE RS 300 nm, JE A 70 nm F2EE ORI 250 12BL ] L 72
MEEEZALTED 2, SN TICE DM T AU BREBEBORIIREIND EHRHFTX 5.
AHE JIE D15 5 iR EE TR ERAZEURH o XITHKAFE L7272, AHE 7 v 2 &2 uMb$ 5 Z & T,
PN O SRR K E S FTRE T D . ZAVE TIT V7 ENEIN TRE A ORGSR Z REF L
TEE, I 7P A XETOMMENBARETH S Z L 2R L TWA. AN, KfEkz
1 pm FEEE DY A XN E TG LT AHE HliEZ 1TV, ML AT O D Ik L FBMEIZ-D 0
THRT L. :
EBIE

0.7 mm A2 L 7o BAEIN LW A & 77 T A TSR & E
L, BEMAFEE S Ar S U 270280, JES 1.5um REIC
T CHF LA To 7. EiRE OERIZITIR—Z N & H
Wiz, ZoiEHIR L, Figl (R 9 X912, FIBAIT.IZ
L5 +FR oYY iAZE AT, (0.9 um)?> O AHE 7 &
AZAEBL L=, AHE JIZE 1% PPMS % v iz,
feifR & HE Fig. 1 SEM image of a cross-shaped

Fig. 2 |2 AHE #if#% 20 [RIE L7 fE R 277, Bk hot-deformed Nd-Fe-B magnet for
RAERBR & W L1227 » PROEZPHRTE, % AHE moasurement.
DO K UFFBIME N RE S V7o, B2 D000
BE1TH LT, H—DRAT v S ITHTHE
BRI AT C& 5. A% 7 HIRBES) r
AT LB A Z o EZEM L,
ENENORETHONIZAT v FITH LT

Norm. AV e

PEL SR AT 5 TETH S, ’

IR © FIB N I3 AL R o S s S bt ek I——

Woet o 2 —TTiTo 72, F ARSI IR -1 -

72 B TNT ESICMM |2 & % B O 7T T 5 4 3 2 ;'1H 8 %7 a8 e 2
7-. o

4. B35 3Lk Fig. 2 twenty times repeatedly measured AHE

1) P. Gaunt, J. Appl. Phys. 59 (1986) 4129 curves of micropatterned hot-deformed Nd-Fe-B
2) J. Liuetal.,, Acta Mater. 61 (2013) 5387 magnet.
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Nd-Fe-B A BEREW AT OINE « INEC K 5 WX A& 2L

L 82, AR thiG, i B3, WA flAx
(UK, *=Z57EHK)
Change in Magnetic Domain Structure for Nd-Fe-B Sintered Magnets by Compressive Stress and Elevated

Temperatures
N. Eguchi, Y. Morimoto, M. Takezawa, N. Matsumoto*
(Kyushu Inst. Tech., *Mitsubishi Electric Co.)

[ZC®HIZ

AW TIL, IBT). B B L OZE O T OARH
Nd-Fe-B RBERGREA Dt dhl OB XAEIEIZ 5 2 D5
BEAGNIT D20, IEEINEZRIRHZITS 2
EDOTEDIHEE V&AW TR DR 72 D it DR
XL EIT -T2,

SEER A&

Ble2 L= 3B 4 Tablel 1IC39, W s ~HEIT 3
mm f Th 5, FKifi & BEHAFE LIREMR L LT Ta e
% 5 nm BRI L. B Kerr 20 SRBEMEE 2 O TRkl
P RMABE LT, I8, B\ HEDRDO 3
DAFFHZOWT, 50k0e TD /3L R ERE & ARTD
Fndr, A b O AL BB 21T, £ O
I bl UTe, INEILRA LA S h & SEATIZ 70 MPa
DM T % 30T TAT . INEEEUEE T2~ & 8142
A 50 Cl2/ed X ol Lz,
ERFEREER

Fig.1 & Fig.2 1352582 & » TR E N ZL LT
FEeRkLZ R LTEBIXK G B Cd 5, AR CH A AT (£
X) (T, EETCHAZERT (X)) XEARE
W L DR AN BE S NSRRI Z /R LTV 5,
Fig.1 O H. DA A Tk, BAEBEEDIRICE - T
AL LTSRN —E L CWBD Z E MR TE B,
S JTEIIND . TEAL L T fh dbbL 3G B ino 72 2
&M, 70 MPa DIi 1 3B XHEIEIZ 5 2 5 5B I
WINE WD E0yin D, Fig2 OféA B Tk, fa
A EFRIBRICEN E AR K D EALBE TS —E L T
W5, & H. OFA C T, BIEEE N TS
Bz E SN o iz,

3 OO DEBRFERE LT D L. RED &
VWMEE, BB KO A RRIC K DRI~ DRI/
SWZ EMND, B, EORBROBXZEL S
A D OFFZICIEET 5 Z L3 hho T,

Table.l #lg2 L7-38t

PR | R fii %

B: (T) H.j (kA/m)
Wt A | 1.40~1.47 875~ Dy #iN7e L
i B | 1.41~1.47 1273~ Dy RS LR
Wi C | 1.10~1.16 2785~ Dy k&

(a) (b)
Fig.l A A OZALERT : ML, (LIS OBA

20 um
I

(a)
Fig.2 A B OLALERT : (QINEL,

(b)
(o)A & IS0 E

B

2% Z ORI E NSRBI A B R L —
PE TR G B (NEDO) D ZERE 3675 Tk AR A
B A T R h =R — & — AT B AT BR RS | D
REoNTcbDTHD,
BEXH
1) M. Takezawa, K. Fukushima, K. Morimoto, and N.

Matsumoto, The 21st International Conference on
Magnetism (ICM 2018), N8-06 (2018)
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37D&w@CﬂMM&mRMMT/ﬁ%@§‘k?ﬁ%ﬁ

IR, FARRLE, =2580n, PlRsA
(FPRE)
Synthesis and magnetic properties of core/shell-type CuFe,04/Coo sFe> 204 nanoparticles
S.Yamada, M. Kishimoto, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)

[ZLHIC

BT DOMGEClE a7 /v = MEE A 3 DT 2 hi -3 o mEn - {L2MMEE N HIER ShTnd
MRl a7/ = DY A AR, AL FM A ZE T2 2 LT, Eefotéﬁmiﬁﬂ@ﬁ@T@*HEVE)ﬂ
é’ctD i 7o ReE 2 FEOM IR B 3 AR & 72 B, Fox D7 N — 7 TIELIHL, BT AEEEICLHIEHE
AL L TR & 22— BB R 5 ME 2 7R $ CoFe,04 12 A St 2 EEH 5 v — 0 - T7“‘§<jJ%’ri’/T?‘Cu2+
HR—7925Z LT, (Cu,CoFeOs ki -2 ER L, IEFEAZBEAT D Z & THRIEIOHEKEZ MR LT
Bl, 22C, Bx I ZOFEZaT7 /v o VEEICHEFAT 2 Z & T, Fiic @ EaRHERIE 2B A L, B
Meom Ex B LTS, RFZETIE. 227/ = /L CuFe;04/CoosFer 04 T/ BiF D& & | it
B L OBRFFEIC OV TRET LT,

RBRAE

a7 &78% CuFe,04 7 / RiF1T, Cu?'y Fe¥'A F o 2@t /KIRKIC
NaOH KIS A R4 L, BEEIESE & L CILR S BB ks 2 O c Ak |
Uieo W E LTAR L7z CuFe0s )/ BT 23Dk EE LRz L B
#%. KBr 77 v 7 ZFILIRA L, BUUEZITO, fNTHRALE, 85§
NI FIIREREL 7 T v 7 ZA R BRE L, BRBBICE®R L, K £
237 s vl =101 OFBEHRICEHE LY = VOHFEME L 2 D E’ — o 650 0c
Co**, Fe*'A ﬂ‘/ L a7 &b CuFe 04 )/ HI 1% & Lo /KRR IZ NaOH J\.\UJ!,"\L S
KEEERE L, S gTIoh— b7 L—TIcB L, ABAR e
AT o7z, [RRRICHT B TR F I3 8EKPE LR L 72k, il sE 5 20 [deg ]

ZeTary/vavt R R ER LT, BUBHETEE AR, X RRET
(XRD)IZ & DAt f s i aT. IREEEHREE R (VSM) & -V 72,

ERER

Figlica7, Y=LBLXRa7 /v =d XRD ¥ —2kRT, ¥
VI A B AMEE, a7 B X0 a7/ = VIZE A BRIV
K& D[RRI S Au7=, Fig2 loa 7B X Na 7/3 = L Ofib i
BT, AT BLOY = VORI B ZILZETL 560 Oe 35 L T 680 Oe (2
iq“l,\ a7/ VE 690 Oe TH -T2, ¥ /LORBETIN 2 7IZ YK

MZHBEDL LT a7/ = VORI BRI L, f#E T, =
7//:»0)/\527«4&#%32%@4% EOBILE, K ALEE TR 5 R 7 26k -30
ERARET D, %58 6 4 2 0 2 4 6 8 10

H [kOe]
5% R

Fig. 1 XRD pattern of core, shell

and core/shell nanoparticles
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— Core(CuFe,0y)
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S

Fig. 2 Magnetic hysteresis loops for
[1] Q. Song, Z.J. Zhang, J. Am. Chem. Soc. 134, 10182-10190 (2012) core and core/shell nanopareticles
[2] A.A. Sattar et al., J. Magn. Magn. Mater. 395, 89-96 (2015)

[3] H. Latiff et al., IEEE Trans. Magn. 53, 9402304 (2017)
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FeCoN 7B~ Al ININZ X 5 g5 58 5 M o 8 K

WA (BeE) , aHT= (4d) , EAIIE
(RK H K #E T0)
Enhancement of magnetic anisotropy for FeCoN films by Al addition
Yusuke Takemasa, Chihiro Shirai, Takashi Hasegawa
(Akita University)

27aC -7

o
%&

FeCo &4 1%, EBE&RBRAA T TR ROkl (M) &, WiE W= UV —REZ2E TH5METH 503,
SR TH LTS, KRG (K) &b 722 0WiRBEMEMELE LT bbb, 0 X 9 7, FeCo k1
TIEFBE (Ja=125) #WAT DL TEVM & KWEBR T2 L8, mnzkate 25Podmim) oW
HEanz, ERTOENFBEOEH AL, B#MTLETHDL VERARGTLETHS NORKFRNINEZ TH
B ENFEADEEOHETH LN ->TWBEL UL, V& NORBFEMT, ©EHHEOE AT
RE7En, FeCo 64 L T MyME FT2RENH D, T TR TIE, NOARERM, HDHWEI N &
Al ZFRIRFHRINT 52T, J0EN M & K 2AabED OMELOBR #1T- 7-,

ERAZE

REMERICITBEE L i~ R b r 28y Z Y U 7R (BEEEE~10T) 2V, ERICIT
MgO(100) H i s FEAR AV €, THIE & LC Rh & 20nm, BEMERE & L T FeCoN & % VM FeCoAIN % &)= 5nm
CMEIZ BRI U7z, FEMOMEMEEE 1X . Rh & FeCoN, FeCoAIN T4 4 300 °C. 200 °C CHEA 4T 7=, Z D iz,
SiO, ¥ v v/ (BEELSNm Z=|\ECTHELZ, NBFN&EIX, ANy Z TATHD Ar & Ny DIRA L THAE
L7z, Ard& Ny OEFEHEIZ03PaTH Y . KEBRTOD NaD4YE (N/(Ar+N,) 13 0~18% (0~0.054 Pa)
THESHT, FeCo 3L FeCoAl DI HTIZIZE T~ 7 a7 F 74 % (EPMA) | N D3 HTIC
T EPMA & X BOEE TP EE (XPS) & AV, it (a) 2
WERENTIZIE X FREIPTEEE  (In-plane XRD, Out-of-plane XRD,

-

-
o

CuKo) . &SR MEETAG I IR BB D 5 (VSM) 2R Wi, T
RBRHER e o 0Tl

Fig. 1 (@)ik Ky Z NI () IS LTFmy hLELO, b) 2 ”
K& da IZHLTTE Y FLELOTHS, FeCON Hro, ¥ 1 o '. ]
FeCoAIN [Ze T/REN TS, (@Q)&4 5 &, FeCoN & FeCoAIN ) FeCoN b

EBIT, Kildx=3~5at% T KZRLTW5, £72, FeCoAIN oo ‘ ,
DIFHS, FeCoN £V b LT KA HI TS Z L3 bn S0 composition x @ty
%, (b)&H5L . FeCoN & FeCoAIN & H 12, K iE da=1.05~ (b) 2° |

1,08 K3 CHik %75 L TV 5, {3 1 FeCoAIN T, cfa = 108 S oo

T Ky =1.24 x 10" erglem® O Fe K737 51, FeCoN Tl cla=1.05 E °

T Ky =1.09 x 10" erg/lem® D fE K AlEA R 5 TH Y FeCoOAN D B | %S

P WURE < o TG, 72, cdaMEFERLEoH AT, 2701 =

FeCOAIN 1 J7 75 FeCoN & U &1 U C i\ Ky 2 TR AR b ¥ 1

Do A EORER LD [ IE N iA§ G A AT D FeCoN ~d AR, | ®
Kcom EicHETHLEEZLND, o [ - -

2 & Tk (L:c) 14 12 1a (:éz) 15

1) Y KotaandA. Sakuma, Appl. Phys. Express, 5, 113002 (2012).
2) HRE ., EA)Zetal, £ <1R,12 21-25 (2017).

3) T.Hasegawa et al., Scientific Reports, 9, 5248 (2019).

HEE . Z OBFFEIEL NEDO O XHE % % 1T 7=,
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Flg 1 K, of the (FeO,5C00,5)100_XNX (.) and
the ((Feo5C005)09Al1hooxNx (0) as a
function of (&) N composition (x) and (b)
c/a.
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N #7500 L7z Fe, Co fe OV DG4 TE I O sb G & BeURF M O FH X

A= (Bed) . Res: (BRERELT)
Phase diagram of crystal structure and magnetic properties of N added Fe, Co and their alloy films
Chihiro Shirai, Takashi Hasegawa (Akita University)

FLHIC

TR TG ROME R GEEREAR DB RE A LD 72D IZIE, MV e R T EER (KW & mwaafniidt (Ms) &3k
AU Z MBI OBRBNRMETH D, EHDOHRETIX, VN ZEIL72E S 20 nm LL_E D FeCo IR
T, FeCo #&FITkf Ltk clax 12 DIESMEAPEAS L, 100)M A — X —Om Ky 3G 65 Z & 2
L7z, L2 LB Tl 3 =J0R U FeCo Db IE 2 IET fIC ML S E 25E LW A T = X AR
ThbH, T THRIFFETIL, Fe, Co KZEDEBHEHIEIZKT L TNOALERML, FeCo DOfEmEEIZx L TN

M52 5 B SV CIlA LT, I
KBRS ik S -
IR E RS TR~ /% hn RSy 2 Y vy ST
W (BIEZE~107 Pa) &V, IEHERIZR D@D § o ¢ Geer s
Ti»% : MgO (100) sub./ Rh (t = 20 nm)/ (Fe1,Co)iooaNs (0 § (boos 1 2)
<x<8.8at.%, 0<y<1.0,t=20nm)/ SiO; (t=5nm), Rh & § 2 * bocte
(Fe1.yCoy) 100Ny 13 EEHRANZAEL FEE 345 % 300 °C, 200 °C THk N SO
BEL 7z, NIRIIRIE, A/Sy 4 HAThD Ar & N Ol (3) °° g comidsition viase " %
BHTHEI L7, Ar & NoOBEHEIIE 03 PaTH Y, 10
REBRTO Ny DHIE (NI(Ar + Ny)) 13 0~18 % (0~0.054 £ ,
Pa) TZL &7z, FeCo DMEATICIXETMT n—7 X7 M, femucrm]
~A /BT FIAF (EPMA), N MEOHHIIE X B S : | §§§31§§§g
JETH (XPS) &z, 728, N KD XPS 7347 gg ¢ 1400-1600
I (FeosC005) 100Ny THOHITH TRV, Co MKEZ(LE  § 2
WIREHI OV T, RO N SECERLga S0
1% (FeosC005)100xNx & [FIERD N AL 72 D EARE L7z, K6 () 000 020 040 060 080 100
T a e O ¢ OFHIZIE4 % In-plane XRD. Out-of-plane 10
XRD (CuKa) %MV 7z, BALH# o BE T RER ¢ 2
HISCEREE (VSM) & FV 2, &, g fo 1 o]
RERER 56 ©.05-03
Figure 1(a)i%. Co#ilpk (y) & NVRME (x) <MLz £ Moy
(FesyCoy)100Nx DA T % , bee HARDG B L5 AR D g; 20305
11X y = 0.40-0.50 @ FeCo #1i THiKZ/RLTW5, T =z ©05-06
bl Fe k0 b FeCo DM bee MEEIF L ThH o O ot e o e

(c) Co composition, y (at.%)

CERIBEIND, TSV Z S L. NSNS 7=t
Fe O fec 1% 1%, Co 2N % & R E{k L T bee #ik
ICRDMEMDB DD E L ERD, ElfiFelZIEET A &
N RINEDOHEKIZ - T (Fhb bt Fmic s &),

Fig. 1. Phase diagrams of (Ft—zl_yCoy)mo_xNX with

(a) crystal structure, (b) M-value, and (c) K -value.

bce HLFHAD beetfee D 2 FHZ R T fee HUFH E 72D . Z OB TFON beetfee O 2 RS HN TV D, THLLIFFED
F=H T EFENR, N BINEE S SIZEKTHIE bee BFAFHOEK SN D AL Z 2 b, 2T
Fe O &M 72 10 — AR O FEHRRAEX L LT\ 5 K H I Bbiu b, Wi, Figure 1(@DFHXK LI, Ms & K, D
ExERTTry FL7bD%E% % Figure 1(b), (c)lZ-~x7, Figure 1(b) & ¥V . M i bee FH O FEIE C @V ME 35
LA AR TEND, —J5 T, Figure1(c) L V. Kyl beec #1 & fee A0S 2 ARA7EBfE3 2 55 AT TV M %
AT ARTEND, UEED | M & KIZZDREHA D =X LN/ > TEY . Msid bee FHOHIE &1
B H U | Kyld bee #H & fec FHOFIEE R CEA SN D IESFHEA (bt ) OEIG LRSS L EEZBND,
[1] T. Hasegawa et al. Scientific Reports, 9, 5248 (2019).  #&FE : AWF5E 13 NEDO DX iR % 21T 7=,
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MgO F:8k & Si0, FaAk I AlEE L 72 FeCoVN @ bet A8
BB A (BEE), KIDEWEEE), B L), AHTFaEeE), ER)ISE FKHKET)

bet structure of FeCoVN films deposited on MgO substrate and SiO; substrate
Y. Seki, M. Oikawa, Y. Takemasa, C. Shirai, T. Hasegawa (Akita Univ.)
I EHIT
TR TG AT RO GLER AR DB RE ] LD 72113, BRI (M) & A SR SR T ME(K) O i W RPE D B 36 708 4 BE
Tho, ABFFEETIE, MgO FEMK EIZ Rh TﬂE%X/\‘/?EJZH%L\ FOEIZV EN ZREFHZEM L2086
FeCo HiliA — X ¥ U v VR ESH D 2 & T, #likk c/a = 1.2 O bet HIENFEBRIICHEOND Z & 72 107
erg/em’ A —X—D@E\ K, W EHND 2 L %‘f?&ﬂ:b“(b\é[l]o LMWL S ZZTO bet T%iﬁ&f%b\ K. &
(T, Rh FHLEICEE 22 v ViR L7235AIC RN TR Y | fRRNR T2 BIETI2IE, 250 bet
g & M KufE % 70 5~ filiF 1k th#?fﬁ% EBEEL TR D, & T TARMIETIE, MgO FERRRC Si0,
B b~ D E AR . B 2 M S e AR 2 AT LT,
ERGE
AUEHT, BIERZEE ~10°Pa £7213 ~107Pa DRI F T R br Ay XU v 7k VTR L7,
PR RRIZIR DB Y TH 5 - MgO (100) or SiO; substrate/ (Feo sC00.5)90-0.9xV 10-0. 1XN (0 <x <30 at.%, t=20 or 100 nm)/
SiO, or Ta (# = 5 nm), ARSI HTICIE EPMA & v, VEREE 10
at.%|Z[EE L7z, N NI, XAy?ﬁXT%éAm&M
RA W CHIE L, FEIT XPS THOMF Lz, b Efiiric
XRD (CuKa) % V>, in-plane XRD & out-of-plane XRD 7> 61‘%
FEB a KO e DR EIT -7z, K OHEIIZIT VSM & vz,
ES TIPS
Figure 1 (a)l%, N AL (x) 22 b ST MO FEMK EICE#2RL
f5 L 7= FeCoVN B (f = 20 nm [#E &) in-plane XRD & TH i Vs isal B (MgO sub)
Be RWEFIT/R LT FeCo =7 1%, x = 0 at.% Tl bee (T 60 65 0 & 80

Q
o
o,
>
=

(a)

~Focc-FeCo (200)
Tee-F4Co (220)

X =9.6 at.%

x=22at%

x =0 at.%

Log(Intensity) (a.u.)

128D . x=9.8at% CH foc IFVWEBICH Y | ZOHETHS 20 det:
X =22 at% Cld bee B — 7 [l & fee &'— 2 {7 fE o> L) g g
SNB, TRbL alilltx OEKIEEA TS = b (D) s 8
%. Figure 1 (b)iE. (a)& A L0 out-of-plane XRD # £ Th S\ 5
%, JRRFEITCH L= FeCo B — 2 1%, (a) & [AEIC, x DI P = ] X=98.2L%
Vs bee fEBA B foo (T E CEIEL TS, Thbb, clilikx 2 x=22a%
DRRICHEOIOT D E5bhs, WICIRLOBTER B
|

MO cla ZEHT DL, x =22 at%TiE ¢a = 1.07 DMED

Uy KolZ 5.78x10° erg/em® (M = 1423.1 emu/cm? )23 5 HAL72,
ZAZIEEETWARW Y, 2.2<x<5.2at.% Tl bet #1E ., x<5.2 20 deg.

at.% ClE fec WEEZ RTZ ENbroTz, LEXD,

FeCoVN T, FHiZ HW T2 MgO MR _E I E A

L72GEThH, fdiEEIx x OHEKIZHES T bee 125

bet % T fec ~E 2 LT 52 L nbroT,

[1] T. Hasegawa et al, Scientific Reports, 9,

Article number: 5248 (2019).

HEE . = ORFSEIE NEDO O KIE %213 -, indicate the experimental peak positions.

B.G. (MgO sub)

Figure 1. (a) In-plane XRD and (b) out-of-plane XRD
patterns of the FeCoVN films. The black vertical line
shows the B.G. peak position. The red vertical lines
show the peak positions calculated for the bcc
structure and the fcc structure. The red arrows
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NEETZ =T 14 b Ba(FeixScy) 12010 D EFE TR & BEK B

H ARk, Ll —. PIVEEE
ANV TE SRS S NE I NE S )
Single crystal growth and magnetic properties of hexagonal ferrite Ba(Fe«Scy)12019
S. Tanaka, K. Maruyama, S. Utsumi
(Suwa Univ. of Sci.)

XUz

N7 =T A b BaFenOpo 13, WhfgeoE—4% —, A=W —%CEL DS TV D b — KA 72 B
MELDO—2>ToH %, BaFe2019 IZFERENM:A A2 Sc3 % I L 7= Ba(Fe1.Sc) 12010 TIXRERE — A > b A3 FEELS
L7z~ U VBB 5, LinL, m@w&mmm@@bmﬁE%AUﬁw@ﬁ@%ﬁ%%kEﬁﬁk
A EB BT ENTWRW, R TIX, 77 v 7 AEE W T—E#O Sc % x % F£52 B HE 72 Ba(Fe1.Scy) 12019
B A Bl L, HAEEREHI OV TRUERIE 217V, BRPMEEZI SN L,
ERGE

Ba(Fe14Sc) 12010 B ik BHI 7 5 v 7 2B L W BR L=, H 100 H/l c-plane
x = 0.0585
FIFEFE LTHARD BaCOs, Fe 03, Sc0s, NaxCOsz & iz, 7= x=0
80
7L NaxO & Fex0s D375 v 7 2L LTI, 3% 1 mg //

DOFEETHEL, BXIFOFTI693K THEL, FEE2 77 v
N LIAATE, fedbkzal %, IEEZHIPH 50-100 K, 1R
M 0.5 K/ OFMFTHESE S Z B LTz, 2 IEEE THEWH L72 B
FERIZ OV TR =33 X AR5 ﬁ&@m&kiUﬁFm
Bk X #EHr (XRD) 1 & VRl L7z, KRB HLRE Sk &

(o2}
o
T

o(emu/g)

S
//"'% x =0.130

N B
o o
T

I mm BREO MR 280 H L, SUBHREVRL I (VSM) o 5 y (i‘(’)e) 15 20

Z W TRAEINE 21T > 72,

ERER Fig.1 Magnetization curves of
EDS & XRD DO 726 BE 72 Ba(Fer.Scy) 12010 Bk i AVE 5 4L Ba(Fe1:Sci1201 at 77 K (Hic-plane).

Tl EMRENT, Sc IRE x DR D LT IER a, ¢ 1T 60 : : H /I c-axis

L, SciffE x=0.18 frCafiziE L, ol ‘ ‘ |
Fig.1 12 77 K IZ351F % Ba(Fe1.Scy) 12010 HLf fh B OB dh i & — x=0.130

T, Sc MR x =0 5 CITRHUEIE 16 kOe THEIFANTIE L 72 » or
to&%ﬁxmﬁm¢ét&%:£ﬁéwﬁiﬁwb Sc B x
=0.130 F5fETlX H=3.7kOe THIFNIZE L 72, ScIEFE x=0.130 T

o(emu/g)
w
[=)
T

20 -
ARG BN TR D 7272 & 237 BRDNE Sdv, ~U I VieE
DFBP T S NI, 101 ]
Fig2 |C S /% x = 0.130 &S OBL o DIEAAL &R T o HfE % 2('JO 460 600 800
TOEREEHITHALIZ— RN L, 200 K {7350 TR 2 B> 72 Temperature (K)
BT L, Néel ST 0 Eiente. WAEZEDDIE, ~UHL Fig.2 Temperature dependence o for the
GPEDND 7 = U R EA~RES ISR LT L £ 2 55, x = 0.130 crystal.

— 255 —



27aC - 11 Fa3 m  HAR D FIGREMELE (2019)

CoBEBHMAEI 7 254 MZBIFTS Co DY MEHM::
PCo-NMR (Z & %155
R, TFSAD, RIS, FS 2, C. Mény®
(BUKT, *IPCMS)

Site-selective Co substitution in Co substituted M-type ferrite: >Co-NMR study
H. Nakamura, H. Nishida, T. Waki, Y. Tabata, C. Mény*
(Kyoto Univ., *IPCMS)

1 Loic

T4 MEARMO MBI T =51 MTIEEERARICELRS 5 20O Fe V1 2% 5. BMEECOBRMM I =51 b (Blx
1¥ Sr-La-Co 2% Ca-La-Co &) DR TIE, —f&IZ Co DEMEN X 212Y, —HHRGMENB AT S D, Co 1ZEHD Fe ¥ 1 b
EHETRIEBHIONTWSD, —HERGHEIZEF ST 2 OEUEAREA D 4f) 31 FD Co DAT, ENUHNDY A - D Co I%fi#
SRS > TOWRVWATRENER H 2 2. 2D72od, RSN/ Co R THMARM 28T 211F, 4f T b 28K B
THZENLEEND, Bk, BEANTEEZIY bE—L L THA%Z Co D Sr-La-Co 751 hE2&ML D, £ ¥Co-NMR
FEBREToHE IS, CoflEMNREL LB EMHIZ, CoDaf, 1 NERUEDMETSZZZ2RAHLED. ThbbshDss
SA—Z%3>ha—)LL Co DY+ MNEREZFIHMTENGD, LOMRMII—HBRLELZBRIEL LT THS. Fx
13 ZNF TEIZ Sr-La-Co RD PCo-NMR DfEH 29 2#4E L7zhY, Co DY A MEFMED LK F 2SI T 5720, Eike
Ba-La-Co 2 & Ca-La-Co RIZIEEE L 72D TZ DFERZRET 5.

2 ERAE
B2z Co BB X F 0.2 D 2 RRID PCo-NMR EEi%Z 7o/, 75 v 7 AETHEML ZBERE2 A7 X —1Z L THW .
—7J31% Bags9LagsoFe 1 80C0020012, H 9 —J5l& CagssLagssFei;74Co0.17012 (CLHR 3 D #3) TH 5. Fki WDX oK T H
%. Co-NMR FEi%, Strasbourg ® IPCMS O LB E 2 HWTIT», ¥ ulE, 2K Tfio7z.

3 BRELUER

FE 2 B D PCo-NMR ZARZ7 MLAERIZRT. ZHS5DARY MVIZTRED Co DEBDHIZHIGT 3 LS IZHiELTdH
%. Ba-La-Co iARlD AR b JLIZ Sr-La-Co ZDK Co DT —& 2 & LT WB. 90 MHz fHED(EE (S1) AP iAR
KD 4f, A D Co DIFE, ®JEP D 300 MHz (S2) & U400 MHz (S3) {FED(E 5 IZ/NHEAARALD 2a £ 721 12k ¥ 1
FD Col7HA1rEN3 D, §T7xbb Ba-La-Co ZilEHIA L ED Co A/\HARALD 2a /21X 12a 1 b2 59 5. —7,
Ca-La-Co il Bl OB S IXE M OESHBENE UK T TS, RS2 DESRIFLACEME RV, T742bb Co d 4 ¥
FEIMENEE o TWE I b5,

Sr-La-Co % & 0 Ca-La-Co RD AMXMRENEH VDT, U EDHREX

—HHER AT ET 2004 Y1 bD CoDATHB LT bii%Exk 1
F95. $7bb, CoDY A MEFIENREIC X THRED, This L s ]
|
BSHE C EC B L TV 5. RICIEEFBIO Co 0 4f; 1 M ER T
#%, [FAFED Co #4 Sr-La-Co RikBI Ol L 125 T, ThY i ﬂq \
LEGEY 1 2 Bao St Ca L ALTHDIMY, CoDdf, ¥4 T [ "\ ‘\ y
NEPRDIA L B R R T a2 | \ S2 ]
s t h \“ S3 ]
System Co content c¢/a  4f) occupation ratio ‘% i ‘\ W )‘WVJWM
Ba-La-Co 020 3.9282 0.72 £t Ba-La-Co C00.20 1
Sr-La-Co 0.15 3.9122 0.75% I S ]
Sr-La-Co 0.28  3.9098 0.83% S3
Ca-La-Co 0.17 3.8918 0.94 -
. . Ca-Lla-Co C|00.17 1
0 100 200 300 400 500 600
References

Frequency (MHz)
1) T. Waki et al., Mater. Res. Bull. 104, 87 (2018).
2) H. Nakamura et al., J. Phys. Mater. 2, 015007 (2019).
3) T. Waki et al., J. Solid State Chem. 270, 366 (2019).
4) H. Nakamura et al., J. Phys.: Condens. Matter, 28, 346002 (2016).
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<A a7 oA MERKEEICRT 5 FGL & SIL ORE L RiER S HRE ORBI%

SR, JRICCT
(THBERFRFRE LYRER « B 558
Examination of FGL film thickness and spin torque magnetic field condition in microwave assisted
magnetic recording
Kurita Keisuke, and Fumiko Akagi
(Graduate School of Electrical Engineering and Electronics, Kogakuin University)

FABX

AR, R T 4 A7 %E (Hard Disk Drive:HDD)i%, 77 &'y MEROFEEFEELNEREIN TS, LrL, TO7k
DITITBEAMEE, 2D X, ik~ y FOBSBERRE WS M LY~ 2 fRT HMERD S, THEMRRT 5 HikE
LTC~A 7 a7 v A MR iEk(Microwave Assisted Magnetic RecordingiMAMR)ﬁfﬁiT%%éﬂ“(b‘ %[1]. MAMR (%
e~y RICEERE L TR YV L7 BRFEF(SpinTorque Oscilator:STO) & 7% 17, FL#kFIZ STO 75 & AR 34 &
5. ZOEERBEN D SRR SRR A o, f&ﬁ?ﬁﬁ“ﬁ%?ﬂﬁ%ﬁ)“(% M LU~ ZfRTDHZENTES.
STO 7> HFAET D & JE L 100 KA/m PA EOBESFIRER LI L SO TWD. BT T, K 130 kKA/m OFEIRRE
FIREETE SNR %R L TW5 [2]. 72, STO OAFA)E (Field Generation Layer @ FGL)DEE A BN S 5
&, BERGREABMCTE S Z L bl LT A8l LavL, STO HBEAR~y ROERMREE > —/L ROMIZET 272017,
STO %% T 2% FGL OFEEA RS EHITIFRANDH D, F£iz, FGLIZAE Y MR Z 5 %225 STO OBIOREKRE
FTh DA 1EANE(Spin Injection Layer: SILDOEE LBMEL TL 5. > T, AFIETIE, ~» K, BK, KO STO
EEBLIE~A 70~ RT A7 AV I alb—arilkoC, FGL, KO SIL O & IR EE & ORRZ R
%ﬁ;g:{_f AR OB Table.1 Magnetic characteristics of head, medium and STO

ARFFE TR ZEBE R X 2 L— 213 4D A T m | o | SR ikijm
. . . . N U =
ANCE Landau'Llfshltz_:Gllbert(LLG)’CE?)E) [2]. ~oF Zox 103 | 25 0.05 | 1.0x 10 &
1+ az)‘fi_l‘z = vl x (H.py — afiy) %g% 5.0x10° | 0.8 0.05 | 1.0x 107
=M (M x (aHers + Hyt)) @ WM | 12x10° |08 | 005 | 1.0x10 1
MIZRHEAZ bV, yld ¥y A nREESR, a3y | L3R ; —
v OER, MR, H, X ERRAN Y F L Th X 10, o S Lox 10
%. Hyld STO ~Efi% i+ % C FGL %7213 SIL |2 o ?g: 135 = o5 ;g: ig_n
MENDRBAE ANCL DALY VTR THD. - : : -
o= @ FGL/SIL
2eMgd” P —8— 10.5nm/7 nm —®—12.25 nm/5.25 nm
h 3747 785, JIHENGREL, e XEAHRE, —e—14nm/3.5nm —e—15.75nm/1.75 nm
nRAC SRR, AT, M3 OHaDHRs kv 35
T&)é LR~y RIFHEBR~y K& L, AA VR—LDfE E
FEIE 98 nm, F v 2081 56nm & Lis. eIk T o 3 ¥ \
A Tnm, B 5nm ORBEERE & BRI K > THERR S o
5 ECC(exchange coupled composite) ik & L, #picdka 4 20
FEIE 1814 kfci (1.65 Thit/in?) & Liz. ~v K EHHRD A ~— B 15 \
YU /iE Bnm, ~v K- SRR ORI 20 mis & L. 2 10 )
STO X b7 v Z7IF 28 nm, &S 28 nm, BE 21nm & L, ® 75 195 175

RO TEEEZ 8.5nm & L7z, £/, AWZETIE~> F, Rl:/lﬂl/?%??! kAfm
STO;‘ &U}IK%FHEJ@%M% ES*EE{/E@i%E‘ LT, 7272 Fig. 1 Dependence of AC-magnetic field on spin torque
L, AIEIOFRERND, FEIRER & R LEICSEDEEDD  fiold with different thicknesses of FGLand SIL.
STO ~HIIN &3 5 e IR CTEE Z1T - 72[2]. Table.1
WZHEARTS L OV STO OREREFFMEZRT.
BHERER

Fig.11Z FGL & SIL OREEZ £t S B2 56 OFERNBE D A M7 BESUREME 2 77T, SBIRRSSREIL Y 7 2
N v 7S CEERROBR E L. MLV, FGL ORELXEL 35 ERIRRIHMD T2 2 Lxbhroiz. Tk
FGL OBEOEINC & b 720 SIL OBENEA L, SIL OBMLR—F iz mnt, fnzimiEz 34506 Thd. £7-,
AV MRS D &, BIRBAREN BT O/ERE o7,
¥
FGL O 28Kk X+ SIL OIRE 2 &% & SIL WAL EREZZEF 21T 9 120, FIERFSEE N T 5.
aig ;ﬁiﬁ%@*%ﬁ , JSPS BHiF £ 16K06313, K OMEH A b L — UHFZeHEdERES (ASRC) D Bk 2 32 1) TIT - 7=,
BE
[11Y. Tang, andJ. G. Zhu, [EEE Trans. Magn. 44, pp.3376-3379,2008.
RIZREEMS, FSCF, SR, 2019 F5#K, C-7-2, 2019.
B & Es, RIS, EHHF, E5HE 114(327), pp. 1-5, 2014.
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STO ZMEWEVINE I E CLEICHIRT D720 D—5 %2
MRIERR, 455, Simon J. Greaves'
Hrg TARR, PAEKR)
Effect of magnetostatic interaction with MAMR head on STO oscillation
R. Itagaki, Y. Kanai, S. J. Greaves'
(Niigata Inst. of Tech., 'Tohoku Univ.)

[TL&MHIC

EE T & A MEEKGEEER(MAMR) G 2L, @ RS IRFE 7 (STO) 2 b I AT 2 i A b 5 & EREAR(MP) 2~ &
DFFRFICEE L, SR GEMAE~ORERE FTREICT 5 Y, B i3EBO X b2 2FH L7 STO &
FLEk~y REMA G DY~ 70~ TR T 4 v VRWTICL DETVEHEZITWV, MP & ML —U 7o —
L R(TS)MIEFATOX v » 7 HIZ STO ZHiAT D & STO DRIENLET HZ a2, 72721, MP &
TS WIEVAT & 22 o EIL, BUTORE T o 2AOBIENLEE L2V, £ T, MP, TSR L USTO
1T BARENC 6 U T 72 BT L O R 24TV F OfE X 28 10°7> 5 20°D#ilH T STO D22 E L= IR S
BB EERARZI, UL, STOIMEE NRKEWIE L FGL ORI L, BIERA LD T4, 21
F T, BxIXMEREZ RO~y ROax 7 4 v T 4 7HRFE LTHRW, KRE2RE(@=02)%52T
X7z, —Ji, STO L~y ROFEKMHAEMERZIEL BV 9 I3 a lZITBIEOM(a=0.005 - 0.02) % 5 % %
VERD D, AHETIE. MP, TS B X ONSTO AR E 26 L THITZ2WET LA ZE L, STO D MP
BLOTS Da D STO DRIRIZH 2 5 EHBE2 RS LI-0O THRET 5,

BFAETNEYVI DT X
Fig. 1104 £ 9 1o, FGL & A ¥ L AB(SIL 672 5 e_i
STO #% x5, STO Difit# Table. 1 IZ/r7, Z ZTik, #&X 20 nm z v
Wtk SIL EFBRDO A Y MV BARE LTz, ~A 7 a~7
T A v 7 FRATICITE L@ o EXAMAG V2.1 % Fiv iz, »
E‘l‘ﬁﬁ% Main pole -Zr?iltlellrlig
Fig. 212, ~v FOa % 0.2, STO D a % 0.02, 0.005
L L7oBRo> FGL ORIR v e 4755, fiEliliE FOL Bl =i =
WY & FGL R T L Bt TR L L CRaR L7z, Fig. 1 Schematic of STO inserted into Head gap.
MIM;=1 D & &, FGL DL NEEIZIHAN CTHEERL TW\WDH Z Table.1 Major parameters of STO.
LT, AREY . STOMEHEO G 0,02, 00058 D& EE 77 poye =
FGL DRIBENEEL TWN5H (@“N:ODTEFIJE DR E < FBIEE M H  in perpendicular 31.4 Oe 31.4 Oe
ME). ZAUE, STOMTEFD a7 0,02, 0.005 D& Xidai g y5 0% stom 195 10 ergom
0.02 DI &t~y F& STO OFERA EAEH 359 728 Thickness 10 nm 2nm
LEZLND, OED .~y KOa RS NE X STO Lap o WAnTiean 20y sonm (e, erayer=2m

[ B E D~y ROBALNEIE LS <, STO B3~y Rinb %
;L ‘é#ﬁﬁﬁf?ﬂdx ; b\:D oLk x ;?jzﬂ%'-é?ﬁi;:(f)ﬁu = 3/.o><1o8 B §”0 NWM{&M/J(\\/& [M /ﬁ\/\(/\(\m
Alcm?)iE 2 E TOFE = 6.0x10° Alem?) & FE T 431270 WMW\WWW M \\J MW

&<, EMICh-2ZFOEEEOE» S bEFITH S, s 2 N 000kt Tmepd 6
ABFIED —FRILIFHRA b L— DR FEHEEREAR (ASRC) D Al Fig. 2 In-plane component of volume-averaged
Pl Lot T ZITREL TR 2, FGL oscillation vs. time. = 0°, Head o= 0.2
SE 3 (STO vicinity: 0.005, 0.02, 0.2), J = 3.0x10° Alcm?,
1) J.-G Zhu, X. Zhu, and Y. Tang: IEEE Trans. on Magn., 44(1), MMF = 1 GHz, coil current = 0.2 AT,
125, 2008.

2) ME, &%, S. Greaves, Fffi: 35244 MR2018-5, 2018.
3)  MddE, 43, S. Greaves: & F&ME MR2019-4, 2019.
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MAMR (ZEB W T~y RN SR E T DAL DR 2
FE AT 44
HAL TEERFEREF LFR ALG iR A XUR LT 35-1

Impact of Transmitted Spin from Head Pole in MAMR

Ikuya Tagawa
Electrical and Electronic Engineering, Tohoku Institute of Technology, Sendai, Japan

1. ELC®IiC

~A 7T v AMER L (MAMR) IZB W T, Ak
V3R (STO) P HIRVREN L R 2155 Z LI IREL T
A THD[1], STO FEEB IO B, ~v gt STO
DD K728 BAERIZE T it 372 &g 2],
THUTH U CHe & 1T, fEfE STO DRIZERT DAL DE
IOV EIT o Te, TTIRO~ A7~ 2T 47 AV
2l —% (& 123 Examag V2.1.1) V>, MR E T O
IAFE AT OF B 5 nm) IZBWTBIIIENS~ 12
i 7 AMESR (MA field) ZVEREFE B LTz,

2. ~YRBBAE DRE

11T, ZEH 441D MAMR ~yRET VEBRFEH R~
RIZI T DREE DEWE R T, YYIOT A TIXTEEL -
TEHEAS STO W EBEEG S DT, ~v R EifR (MP) 35 &
W=V 72— LR (TS) LA 28 STO IZiitivAZE
10, —J7 . ERHT AL T MP BLO TS 23EMmE
L TERSNDTO , ~y R CRIGRL 72 A 53 STO ~
PRAL, R R AT,

2(a)lt, MP/TS HAE L NRIRN Y HIET LICE
5, ~yRETHR (Hx) . b7y 7@ )5 1w (Hy) | BEOE
187710 (Hz) D FeEE R ORERIIE A Th D, He 1TTRVE
BEoRL, BE O~y REEERE I/ /il AN EEL
TW5, — 7. MP/TS 7O AE L AL H B E T L D[]
X (b) TIEIRENA b2, kD, MP 2D DFH AL
RV EMEIIALNHTHD, AE U PLECE RSB
B EWE - EOIERME4R) [3]1% MP & SIL OFIE M
ERHD, BIOTATTELT, MP AE AR IET 5800
2, BB AE Y O E RS EHZ LB A THD, ADA
E AR RO BN B L2 5 [4],

3T, AT ANMES (MA field) DN (J)
KAFEMA TR T, MA field 13RS EE DT —) ATV
MHRDTZ, MP/TS MHAE U BENDE G (a) . MA field 13
FEU TRV, MP/TS B AE U BRI NS () L TEA
RO BENNIE T T MA field BSEINT 25, MP AL % 50%
WZHIBRL7=355 5012 % (0) | 7RV KX 72 MA field 73 %57z,
TS BNADREA L, B ITIE (TS 225 MP) (Zi
N5HEE (o) FEABEIRISE 5D BIF ThoT,

3. ¥£&®

T O EO AL AL E X Z IUEE LR T2~y
RBEARND DT AL DA L CX 3 STO Dfgik
R ZPRETHIERERD, 22T, EVWE ROV EHZ
W28 YT BEIO, ADOEEHE Tz~
RNRSH DA A R~ LT,

[CHR]
[1] 1. Tagawa, et al., IEEE Trans. Magn., Vol.52, No.9, (2016).
[2] Y. Kanai, et al., IEEE Trans. Magn., Vol.53, No.2 (2017)

Original idea Practical design
(no MP/TS spin) (Al spins)
= 2
o 3 o
3 =
o s @ e "J' =
et 1 ko>
- ‘ | b —_ -> —_
Rp7eH <7 FPr| Bad spin

Figure 1. Structure design difference between (a) original idea and
(b) practical design of MAMR head.

12

Magnetic field (kOe)
o

\
|
N |
6 \
v

No MP/TS spin
J=6x10% A/cm?

------- Hx Total 5

——Hy Total 7 |
| ——-Hz Total F—
EAVINSTIN

- ~
12 VAN MANNAASVNY

0 0.4

0.8
Time (ns)

12

Voo
e
/:’?/’{1:{'(, ==

All MP&TS spins

Magnetic field (kOe)
o

6 \ ——Hy Total J=6x108 A/cm?
"L\ ——-Hz Total
" p
W wes e~ —~" Gap edge, MagSp 5nm
_12 I Il
0 0.4 .08 1.2 1.6
Time (ns)

Figure 2. Time response waveforms of write field and
magnetization distribution in pole tip area, when there are
(a) no spin and (b) all spins from MP and TS.

——No MP/TS spin
-8-50% cut MP spin
12 | —=—Allspins

-=-All spins, -P TS

0.8 r

MA field (kOe)

04 r

0 2 4 6 8 10
J (108 Alom?)

Figure 3. Injection current dependences of MA field amplitude.

[3] J.Bassand W. Pratt Jr., J. Phys. Cond-Mat. 19 (2007) 183201
[4] M. Tsunoda, et al., Appl. Phys. Express 2 (2009) 083001
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CoGa /N> 7 7 g & v 7= Si Ak MnGa (001)#d ) s oo /E SR

"W fERT, KB OEE, R WS, S5m0 R
CAEINED)

Fabrication of (001) oriented MnGa film on Si substrate using CoGa buffer layer
Y. Miwa, D. Oshima, T. Kato, S. lwata
(Nagoya Univ.)

LI

ST 72 A A U BREHE, REPRITIZ LA EREE X TR Y — G2 ER X 5 FIETHY, K
A NTEREERE Yy hRZ—VIERBPM)OERIZICHTE 2 Z 2 65, FxlX, ZoAF R E > K
R — RIS DR E L TR E R mEMA R G EEZ AT 5 Lle-MnGa HLHIA iﬂﬁ ICHERL, By b —r
Pz fER L CE 7/ D A OMETTIE, MnGa B3 MgO(001) Hiik i Ak LIS /ER L Tz s, IR _BidsefliZe
T AT PRS2 0EN B 5720, BallE, BBEIEST & Si i 12 (001)ELM S 72 Llo-MnGa D ffi &
ZITH-o T 5 2. Alal, MnGa(001)BL DT RIZ R TH D CoGa /Ny 7 7 @ dDEMLBLLFOMRF 21T 5 Z

LT, ﬁﬁﬂlﬁﬂ%ﬁ% Si FitR BT mEBLm D Ll-MnGa (001)% 2 Bl L 72 O T 375
ERGE

JERE %1 Cr (2 nm) / MnGa (5 nm) / CoGa (30 nm) / Cr (20 nm) / MgO (20 nm) / CrB (5 nm) / NiTa (25 nm) / Si sub. &
L7-. MO JBOAHBEEZEARBZICLIVRIEL, ZOMOEIE, ~7 b ARy X ) o 7HEICTIT>72. Mgo
J&§ LD Cr Ny 77 J@E TORTORBITEIRTHRIEL, £D1% 800 CT 60 77, BEF TAWMMAIT72. Fiz,
CoGa EDMMIREAZ Ts & L, IREE Ta T 30 40, HAEF CHIILAIT 572, MnGa iEi% 200 °C THUE L, Rkt
L1 AL D728 400 “CT 60 7], BEZEF T AT 572, FIOIZ Ts 2 200 CTH 6 500 CE TE{L S Th
WEAZRE L7c#, Ta &2 500 CH5 800 CHOMTE(L I 7. EOMKEEIXRZFER AR /) FH(AGM) TRE
fili L7=.
ERER

F9, Ta=500°C & LT TARGFMEEZTARTZE Z A, Te 23400 ChH & X2 MnGa FEO S b3 e K & e > 72D
T, WIZ Ts% 400 °C & LT TAKIEMEIZ DWW THHRT=. Fig. 112(a) Ta= 600 °C, (b) Ta= 700 “C T Si HibR iz fE#Y
L72 MnGa €D M-H /v— 7 %74, F£7-, Fig. 1 (c)iZ , MgO(001)EHx EIZ/ERL L 72 MnGa I M-H /L — 7 %7~
9. Si FEAR B MnGa EIZ W37 40§ R & e R E ﬂﬂi‘%ﬁ@%ﬂ* L, Ta= 700 CizBW\Tafnmgafbid 290 emu/ce &
7poln. ZOfEIE MgO M Ed MnGa i (Fig. 1 (c)) SIEEALRIUTHS. EHIZ, Ta=700 ‘CH MnGa =T
%, Ta=600 C&Lbik L <, BEmBEETMONL—TDEENEITR> TS, 2L, MnGalEDBE 23 m L,
A b— RIRERER BN DTN TV LT ThDH EEZXLND. LLEX D, CoGa Ny 7 7 J& OB St 2 it
HZLICRY, BIRERHEEZ AT 5 MnGa(00L) Al A iK% Si F FIC/ERIS 2 Z L ICEI LT 52 5.
&3
1) D. Oshima et.al., IEEE Trans. Magn., vol.49, p.3608 (2013)
2) T. Ishikawa et. al, IEEE Trans. Magn., vol. 55, 3200104 (2019).
3) A. Ono et. al., Appl. Phys. Exp., vol. 10, 023005 (2017).

400 : 400 400 © o sub
a) Ta= 600 °C b) T.=700 °C ¢) on MgO sub.
(@) Ta | | (b) Ta= | g 1D ot
g | ) g
E. ok E 5 0k ’P’W,/
= = S //
-400 : ‘ : -400 R ‘ -400 " ‘
15 0 15 215 0 15 -15 0 15
H [kOe] H [kOe] H [kOe]

Fig. 1 M-H loops of MnGa films grown on SiO,/Si substrates using CoGa buffer layers annealed at T, = (a) 600 and (b) 700
°C. M-H curves of the film grown on MgO (001) substrate are also shown in Fig. (c) as a reference.
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MgO/bee-CrMn &8 T HUE HIZHUE L7- FePt 77 = = 7 IR OREEURFE

O, K L, AEE M GRAERT)
Magnetic properties of FePt granular media on MgO/bcc-CrMn stacked underlayer
©Takashi Saito, Akihiro Shimizu, and Shin Saito (Tohoku Univ.)

[FILHIC KA EIX 2022 4% TIZ 4 Toitin2 b D EBELARD N TEY . ZhdEH
FTHRMAROFEST K E UTET v R MggKREEk (Heat Assisted Magnetic Recording, HAMR) 735£ H 41T
5o MAEEBFOHNEME L, D55 /MEE 2y m < BB ELYE A A7 5 @ik £ HAMR RO FZHLIC
I, ZIR T 2X107 erglem® LA E O @ —diliil i e S 85 M= %V — & A3 D EMERS SR 2 B SIS AN A b
L, 2O T2 T ARICRE ST 7 =2 THMEZ FEBT OLERNHD D, L LR bBUREb FEH
ERFIREA TV A LK E 2 H 35 MgO FHiE % U 7= Ll FePt-C BEA Tl FePt BalfE dbhr 3 BRIk IC
MELTLEW, MWL T MREERRIN D725 7T = 2 THBEMNEBLTE T, AIFZETIE, B
twE (MgO JB) fbdbmhBlmtiiHE (beec-Cr A@&fE) BMFERE (7ENLT7 7 AB)OREIZIEA S HHEH
RIEEAEE 2 LICARERE U7 BME RS O BKAFFE 2 3R ISR L. £ O R & JUITHERBIIZINNE LT 2 T 2RI
M7 7 =a 7% R HERREHEH 2R ET 5,

SRR B O EHERIE FeP(5 nm) MgO(5 nm)/ a—CooWao(80 nm) (CEH T H#i) & FePt(5 nm)/MgO(5
nm)/CrMn(20 nm)/ a—CogoW4o(60 nm) (8 EIRFEEL FHh) & U7z, BRIl o=, 7E/ 7 7 A8 Ok 620
OC ~DMEE 20 T2 7 2 a2 THY OB RFE i Uiz, F-prtEORAEDZ MgO 8D fE%Iz, it
BHZ 630 °C ~DIMEAEIT - 72, FEHERL I Out-of-plane XRD H|EIZ XL Y CrMn J&, MgO &+ L O\ FePt &
HENZ ¢ HEA L TWA Z & 2R L7z, Fig. 112 FePt & % il THll B2l U750k & /8 B IR T i
I EE U723 O ki &2 7R3, PRI H X2 Z I DFRENT 10kOe & 25k0e ThHh o7z, ZDZ LiX
T HuE OHE B R LA IS SRR SR ORI R RS B AR S ETWAH Z L 2R L TW5, ZOHEE S
LTI RBIISEAL Zh B D TE B d Al & 5 7o, HH Tl b & BRFEAS Tl B plisE L 7= FePt #ECx LT 9
T OHIIRER O T THIE Lz by diggns B U7z —dilifs e B e 2 VX —K,. BTV 3%
NZH Ku=1.23%x107 (emu/em®), Hi=39.3 (kOe), 725 NT K, =1.42X 107 (emu/cm®), Hi=42.2 (kOe) Td »7-,
Fig. 2 I~ A F—/—7 DBl L7258 M, & FIIRER Hapy OBIRZ R T, M 23 0 & 72 DFRE IR
He I3 FHUA FHO 72308 I 13.0 kOe, M8 BARFER T HEZ W 2308 Tl 27.7 kOe TH D Z LoD o
7o ZORRES LI Ho/H 85I T 5 &, SFH FHEZ V3BT 033, M B REEE Tz v 7230k
TIX0.66 TH Y, B IRFER T OB INIAL ~DF it 2 Mgl Lz,
HERBREEEZFTRALETRIEEDIRE U Lo E4 B E 2 T, Ll FePt #8502 FR LI 7 5
=2 THMRICRE S %% HAMR BHAIEAE A2 52335, Fig 3 IZB5 % L7z HAMR BEAROFERE K O]
%o, FEIERERLI FePt-iR{b¥ 7 7 = = 7 J&/ FePt/ MgO/ bee-Cr B 48/ 7TENT7 7 A TH D, T7bb,
MgO JE DO#E B IRFE L E EICHE FePt J& 2 piils U, Bt i 23 RS SobL O W EZ R L o Bzt A PR L 72 5
REEMBOE R EIE T, 20 & X RETRERBIE VY ER ool (A 3— i) L7eb, SbicE
D I FePt-F{b¥)E % 2 BT S H 5 Z & T, FePtffidnhicd 2 7 LARAE S8 727 7 = 2 BN FEBL S
HEWRFIND,

SEX# 1) Roadmap of Advanced storage technology consortium (2016).  2) A. Shimizu et al., 7. Magn. Soc. Jpn.,
3,7-11 (2019)

(= D £
| N
Flat M, (a.u.) Recrr ing layeT \ f R\
Network underlayer Columnar Iayen‘l | FeP:t‘-Oxlide
underayler J' ) 5
i Bum\7( layer ) pure-FePt
o ie) Hcr (kOe)f Thermal insulation layer MgO
' % + 27{' T_ ; { ! 3'=Oh Seed |ayer for she}et texture CrMn
40 30 20 /40 0 aTexture inducinglayer  CoW
Happ (KO€) ' Sub,
Fig. 1 M-H loops for a FePt film on Fig. 2 M; - Hyyp plots for a FePt film on Fig. 3 Schematic of proposed structure
network underlayer and flat underlayer. network underlayer and flat underlayer. for FePt granular media.
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T2 DR D Z —757 > b & O TER L 72 Nd-Fe-B IR OIS & ik R

O+H Mz, w5 M, #k K, i B, EE EE GUeRs)
Nanostructure and magnetic properties of the Nd-Fe-B thin film fabricated by various targets with different
compositions
(OTakayuki Tsuchida, Jun Fukushima, Yamato Hayashi, Shin Saito and Hirotsugu Takizawa
(Tohoku Univ.)

[ZLHIZ HFRLE ORI > THRKGEEIEAOmEELOTEREmE->TE Y, 5 Thit/in? Z# i
2 DA E RO ERIIEOBEEERICETON TS V. ZOBEEZERT L, BT V2 Mg
KAtk (HAMR) 23ER STV 5. HAMR BEARZ FZHLT 2 72 0121E, S|IE TaWO s A R 1 e
(Ky) & 300-500 °CCHREEEDF = U —iREE (Te) AT HMEDNLETH Y, BIfE L1 FePt (K, = 6.6 MI/m?,
Tc = 477 °C) ° Nd-Fe-B (Ky = 4.6 MJ/m3, Tc = 312 °C) NZDEME L TRFI SN TWD. Z09HhH
Nd-Fe-B #EIZB LTIk, HAMR KL U CHZED, c filifidifl, Riesmiifl, =7 2Rk % A
ICERBL TODHEN LS TZ 5220, ZIUT O WD TER X IR X 0 EE IR S 2 B o
KL OIS L O OFE## Y Nd-Fe-B 3% Nd/Fe Ji1-kb, 72 5 NS B IBEEICIKIE L CTRZR D 2 LIZFRA
HDHOTIEIR N EE 2T, 2 2 TRIFZE T, Fx O =Jcflkd % —7% » b % T Nd-Fe-B #f %
ERLL, O & REXURRE 2 5Fm L 7.

RBRAE WRERIZIEDC v 7R brr ARy 2 Y o EE T EEORTE R Mo (5 nm)
/ Nd-Fe-B (10 nm) / Mo (50 nm) / Ta (5 nm) / glass sub. & L7=. #MEEH % —~7 > b & LTI, ~TiE% 1644
& L (A) NdisFez1Bis, (B) Nda1sFe724Bs4, (C) NdigsFere9Bss

&V D 3 ODMAE HENR L7 (Fig. 1). BEMERE O RBSRIFI, mNG.Fe,B.A)
RCHETEEE 600 °C, AETIS500W THDH. B ol 40,0 :Hgizigzzg:g
DWW T XRD (2 X DHEE, AFM IZ X 5 REFEDEIL, AN, Fey,B

VSM |2 L D RFFE DT 21T 7=. AyA Y (at%)
NAN
VAV

Nd (aty
EBRBER Fig 2lcfix 0¥ —5 >y FTERL 72 Nd-Fe-B 1 A
B LC T T 5 1L B85 A FIL L C 15 1 2 Bl &
SIS N OB MR (2 TR et s N AVAVAVAVAW
I 078 2R LTWADITH L, #—4 v b (A) £721% 100 PR 60
(B) % FIVVCERL L 7= J I > T, A28 0.9 BLE & Fe (at%)
BTN <, BEA LA B 73 5 i 2 15 1)L = B ) Fig.1 Target compositions of Nd-Fe-B
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FePt-Cr,0; 7" 7 = = 7 — I O BGIRELRR 221 & B URF M

$iAK—>, H. Sepehri-Amin, m=iEA T, EEFIfHE
(WE - PRI ERSAE)
Microstructure evolution and magnetic properties of FePt-Cr,Os granular thin films
I. Suzuki, H. Sepehri-Amin, YK. Takahashi, and K. Hono

(NIMS)
[T L&MHIZ:

L1p-FePt 7' 7 = 2 7 — 5% FH =8 T o 2 MG T A 2 S v, FREEE 4 Thit/in? F2EIZ ) )
ZOBRBNENNTND, TD LD 72 BERLEREE 2 KT 5121, & E 2 H 7 5 FePt ki -2
TS SRRIER(D) & K1 [ FEBE(PD) DRI AR RI R T U KL% £ (GD)3.8 X 10'%/em? LA _E 2 <
NIV 7 =a 7 — B RKBETH LD, FePt-Cr0s 1%, D: 5nm LU T ORGMIZRRL 723 EH CTE 5 —F, bt
P A RZHEARPD NKRE L GD /S WESR, BRENPMETLTLEY ZENMETHH-7?, 22T
ABFFETlE, FePt-CroOs DRI FHBEDOSZEEZ HIIE L, S22 2 TER L 2R B ok T8 E 0B b %
PRSI AN To, FEo, BEREEESCOER Z LR IEBOBARNOIE L O TINERET D,
EBRAE:

~ 7% bu ANy HiERHAWT, B2 APEE O FePt-Cr05 Z IR L OV CrnOs (AfEH 228 2 TERIL
7o FARITIX T HUE OB Z BRI 5 72D MgO(001) BLfE fh A2 L 7=, Me&URFHIE SQUID-VSM, i
FHARE S OVt 04113 TEM 38 K OVEDS & W TN EHET L 7=,

ERIER:

TP EMGRE 400 °C CTIERL L 72 FePt-Cr05 (2331 2 THOAH AR O IEIEAR T 2 0~ 7=, Fig.1 (IZIEE 4.5
nm OFREOYEH TEM B 4779, ZDOHH 5 D: 3.9 nm, PD: 5.1 nm, GD: 3.9X10'%cm? N NEhE b
Too ZAUD OEILFEEEE 4 Thit/in? O EHUZTR S5 GD &= L TW5, E-BE%E 8.5 nm (2
MEHTH D:3.8nm, PD: 5.1 nm, GD: 3.9X10'%/cm? & Z N6 DEITIE E A EBEM A LN -7z
(Fig.1= (b)), Z DOFERIL, FePt-C DIGH & B0 | BT O KO KR(ES GD DX T2 & TV
IRNZ EERIBEL TS, L LG, WTIL) FePt-CraOs & DIRIEIIHIFE & A ETHEA L Tz,
Wz, B2 D IRE CTERLL 72 8.5 nm @ FePt-Cr03 OFGHIFRKE 2 38~7-, FEHIEE % 400 °C 75 R &
5L, 450 °C LA FClE GD O LIZbT N TH DA, S5 EFSE5 L, D, PD DM AALIZHEN
GD k& <K F L 500 °C TiX PD: 6.6 nm, GD: 2.8 X 10'%/cm? & 72 > 7=, Mz T, R It A A
fEfEL Di: 2.1 nm, Dy 6.2nm O — 7 BT, R Tl CrOs OFRFELSCIRE, FRHKAT A 2%
ZCTHERL U 72 30BHT D W T SIS K OB 2 AT RIS WD T H R THAE LU, BERE S
{EDER % EDS OfERE R 2 Cikamd D TETH D,

SEXH

1) D. Weller et. al., IEEE. Trans. Magn. 50,
3100108 (2014).

2) T. Shiroyama et. al., IEEE. Trans. Magn. 50,
3202404 (2014).

F1g 1 Plan-view TEM images of (a) 4.5-nm-thick and (b)
8.5-nm-thick FePt-Cr,O3 grown at 400 °C
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CoCrPt 7' J = = F R BT DR At & o
<A 7 YT A AL SR~ D 22

VepRisRk b, g Amil 22 A Bat2 dr b fEr? EEalfs 23
(AL KZ IMRAM, 2 bR CSRN, *HIL K FRIS, *H ALK RIEC)
Effects of intergrain exchange coupling on microwave assisted magnetization switching on CoCrPt granular
thin film.
K. Sato?, N. Kikuchi'?, S. Okamoto®?, O. Kitakami®?, and T. Shimatsu®3*
({IMRAM, Tohoku Univ., 2CSRN, Tohoku Univ., °FRIS, Tohoku Univ., “RIEC, Tohoku Univ.)

XL&HIZ

~A 7T v A SMELER(MAS: Microwave Assisted magnetization Switching) 1V T o i % FE RS RE Bk
HiffE LTEASNTWS., VI =a BB TE, v B AT ML 28HmST / Ry R TO
KBREWB LT, ~A 70T VA RMIRDNENZ &R0, ZOREEEIRGEESESNTH D &\ 5 R
FRICLVESNTND D, _ODJ"EFI& LClE, 77 =a ZRTORBROMK IR ED A FE - 58 D4 HE,
MR- D BB« ZHAA AAERIC X D2 ERET o Tn5 2. £ 2T, ARWFIETIE, CoCrPt-SiO, 7 7
== 7 D B A HE A E b LT CoCrPt Hift/g #fiE 35 Z & C, 77 = a ZHhi 1RO HE B EH
DRE I ZBMANCHIF L, ~A 7 a7 ¥ A ME KR~ DB 2GR~

ERFERVER

J v R—=7® Si vz — EIZHE 1 pum O & RS HINA Au #RE &2 X 100 nm F2 5 Ok % i,
THuE - RESE L & 1T CoCrPt-SiOx(15 - t)/CoCrP(t) i ERE M 2 Al L 7=, t1Z CoCrPt /& DIRIE T, t=
0,1,2nm L Z&{bEH7. Au ﬁ‘%ﬁ%t@@ﬁﬁﬂ%%ﬁ¥ﬁ VI T T 4—=KORAr A A=y T 725D 06 x
3.0 um2 DRI T L=, =0k, FHiEZ R e Hall 215F (AHE) HIERAOBBIBIRITIT L=, & &K
siE, 2% Hall )JJ%EHH#?@{E' EF, m R A Ee & LT AUBRBRICIE T & TR L 7=, FEBRICfE
U7 BEPERE I O B VERES Hild, t=0, 1, 2nm TZ 4L

%1 18.9,19.3,19.0k0e TH 5. Fig.1iZ, t=0,2nm Ok H o (1=0) hs= 470 Oe
BHEDWC, BRI he = 470 Oe OB 10 [,
RS Ho, 1) o, BRIRESS Hy 00 SRR A1 2 Hoalim2) o oo C
Ho (2RO 10973 AT 2 RE85, Hs 13 90%73 [Riis S % B I ° 000000
%kﬁ%bt.mﬁ&mk% KRB TR O® T, anaiaatasast
’%ofﬁ&L/%E@H&ﬁTY/xﬁw%ﬂﬁwb S 6 | e

CERL D RERBBONS. REHOMERT DL, *00g00e. He o
%®ﬁM%&Uﬂ&ﬁ IR D %W L b ITHGHIR O A 2, M “%ﬁﬁ oﬂﬂgi.
CEDBORROAAR. EO—HT, MEMOMHIZE . “gReee
0 RASBMARES COT > A ML L 0 E R E TH B Mo e
(272D DIZxE L, BaFIREE TOT v A MARIT X 0 AKSE K 2 o0 o0 haas,
BITHEL TV, SR b0/, KT HOHE A S| “oagoe . aaitt
MAS I2 5.7 2 BB, ZOREEIRIE & 0 K < 2L o Lai=2mm 2279000000958 ]
LT LERRTHLDTHS. 0 10 20 30

tf frequency f; (GHz)

B £ Fig.1 Microwave field frequency

dependences of nucleation field H,, coercive
1) N. Kikuchi et al., J. J. App| PhyS. 57, 09TEOQ2 (2018). field H., and saturation field Hs (¢t=0 and 2,
2) S.Okamoto et al., Appl. Phys. Express 10, 023004 (2017). 4.~ 470 Qe).
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T ARG RO B DRI S — 28T D A B O SRR R
FWehn, BOGRZE, HPHEDE, lnds
UMK RFEBE S AT DG REFT)
Spin wave resonance properties of magnetic dots with different aspect ratios
X. Ya, M. R. Akimitsu, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)

[T &I
MR R Z — o D EAh 5 mIZ MSSW B — RO A U 267 2 23k 2 i mic Z b St 5 V3
NI B[] —F CHEHNBACIB IR R F M L0 B e 7 2B Z B A 2@+ 5. Btk 2 —
N 4 BRI 2 A1 5 C & TR KIZ R iR X O oW T CLET B2, T a3 7 AT MSSW £
— RORAE VFRIRAATRETH D, S HIHMTIBIC X v bz Edh 5 % 2 & T MSBVW £— Rizy])
DEEZ DL\ D ZHEREL NI T X 5. ARBFETIE, 4 BRI BT AT 5 LT R A o v TR BT
& % CogoFer N Z N — AL L[2] , & DOILIGRFE 2 JE LI2AE R, Bu S 7 AR R Z — o O Rl 7 h)ic
E8ET 5D MSSW & — K L JAHE S5 A B USRI BH S, O BEEEN 25 GHz &0 ) i EVE T H
LI ENMERESNT. S BIC, WBFEIRB O N — 7 2T b HARIFEEIC O W TR L.

M AEFRRAE R 7638
Mg0 (001) HAfIZIRBE 400°CC 40 rm JEOD CoFern (200) &R 38, s . oo —
L7=. VSMIEIZ X0, BB L 7= CogoFero 1 MgO b D<110> 7 - A
M3 & O 10 IS AL R B il 2 Ff o P [l R R 52 F 9 5 of

<}

TLEHEMER L. ZoOHEEA Fig. 1(a) Lol Z—A4bL :g:;:r)ooolc | | T ; :3:1::4000[0 | ‘\Af |
(L =18 um, # =10, 6, 3.6 um), T O EHEICHEZE R L O <+—~—“xy of [
WEEEIEML, 7 bRy bU—I T FIAFEROTEE ol .$§;%7¥[.
FEE 2 E Lz o it
5;“%%% é -0. _—ouole 1 T ) -0. -_OUOIe 1 ‘_l ]
Fig. 1(b) 12 # = 10 m OFEOEGEm (W) (b~ =] :
WRREFIN LB (50 2Rt Espichs et . X0 N '
DT 4 v T RHRTEDLIEDPLRBDO R HZEHDOAE ,O,?:_Wk | -O?Z-m ]
W NAE T TN D ERbND. £, ARPLERRED b el
ETFEEBICINODOIBHEHPMETT 52 L, AT BEEIAES

N A AR O LB IR EREE RS KT B~ L DNFERTX 5. Fig. 1. (a) Schematic figure of magnetic dots and

Fig. 2 IIAMERREAR 2 w51 (WH1) WCEN LB % waveguide. (b) VNA S21 characteristics
RaMEAR R B — TR B NG E B £ & A R o oy e EafR & B
TR, KoRH = N B T D IR JE I 5 O R aE s 7 IR IR B
DRI DA U PHE BRI SN2 82K D, H =0 0e D
L, 30 OB SZ — o ORI E R EIE 12 ~13 GHz TH
D EBrANLTRARTH AL EREAREH I TS, 20 . .
Br, BEMEIR RZ —o D FHREWITE, HBREREBIIELS 5. 0 300 600 900
= AR 5~ DRI (F F71R) DIRRFRBARS Fig. 2. The depende:éz(i)):)resonance frequency
v \;L:i:)’ B%j;jigﬂ&? ;%g&;’fig;:%éij EEOSJD%Z;&)B’?@&);@L V(< on the magnetic field applied in the easy axis.

. H y — Z VaN 2\' N 95

B — T E T D LG R B & AN R D o B EAR Ao T, R {Y’ "‘ﬁ“"‘l)o
il 7 T2 BR OISR S 2 N9~ 5 & Ak 1 R il 5 o m) & > 9k o S & 26
TR TR E DR T & & I FERBLA A T2 72 D I E . g . Pl o
WHIHE TS % . SMBRERREN S I NS <25 L, BHLI A
RS s & A BN IR 2 (ERB T D720, AR R & Y I
EHITE SR L DM N L, g JE s LA 5. 0 200 400 600 800 1000

ﬁgiﬁk ) H, (Oe)

[1] Kazuto Yamanoi, Satoshi Yakata, Takashi Kimura, F|g£h3. The df_pepdlednce Olf r(;es_or][ﬁnche f[jequgncy
and Takashi Manago, JJAP, 52, 083001 (2013) on fhe magnetic el applied in e hard axis.

[2] Martin A. W. Schoen, Danny Thonig, Michael L. Schneider, T. J. Silva, Hans T. Nembach, Olle
Eriksson, Olof Karis, and Justin M. Shaw, Nat. Phys. 12, 9, (2015)

(GHz)
4
9,

°

jl S 3

— 265 —



27pC - 10

CogoFesg R

H43 | AARESR AR ANREAEEE (2019)
BIFOEMLEAE A ETFWREE 0 Yy 7 T3 Z~DISH
BOERZE, HBER, WAL, ilings
(JUNREE: REFEBE S AT D REFEIT)
Interferometric properties of standing spin waves for CogoFe;o and the application to a logic device
R. Akimitsu, X. Ya, T. Tanaka, and K. Matsuyama
(ISEE, Kyushu University)

[FL®HIZ
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PEhEEIA b 2 R A LA ERLL 7. X kL dependence of the spin wave resonance frequency.
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IINIAHZE 0 D& ZICETEA Y K OME, (ifHAEx DL XX
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Fig. 2. The dependence of spin wave interference
intensity on phase difference and corresponding truth
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Fig. 3. The intensity color maps for inductive outputs.
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[1] X. Ya, H. Chen, S. Oyabu, B. Peng, H. Otsuki, T. Tanaka, and K. Matsuyama, JAP, 117,

17A719 (2015)

[2] Martin A. W. Schoen, Danny Thonig, Michael L. Schneider, T. J. Silva, Hans T. Nembach, Olle
Eriksson, Olof Karis, and Justin M. Shaw, Nat. Phys. 12, 9, (2015)
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Simulations of the racetrack memory using a field pulse
Riki Yamaguchi and Yoshinobu Nakatani
(Graduate School of Informatics and Engineering, University of Electro-Communications)
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BWFERREANATON TS D, BEEREM L —2 h5 v s 22y c D ® ® ®
. ECERIC L A MEFBAER ShTWB Y, Lhl, KEREE O
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THUNL ., BXOWimOMEEEZZZ LIy 7 hSEDH 2 LT, WhEE—TJ5 Fig. 1 Sequence of field-driven domain wall
ENCEIDNT, BEREEREN O FIEIZKRDOEY Th 5, @Hz = HP2 + HDC;’(EEU motion using 3 types of pinning sites.
M+ 2%, POREENT E L, Py TBEI%, 151272, @H, = —Hp, — Hpc ZFIINT 2, P, OREEENT &
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Yal—va iFlRuEO~vA I a~ I RT 4 v 7 BT AE WL, MERESIE Co/Ni OfEZEE L,
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Fig. 2 127V RIRIC K D BEEEDS T © 0§ 5V ABER O S DAL, oo
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Fig. 2 Pulse width(t,) dependence of pulse
w amplitude (Hgepin) With various pinning site

1) S. S. P. Parkin, et. al., Science, 320, 190 (2008). 2) F. Ummelen, et. al., Sci. Rep., width(r,). The colored part is the region where
the domain wall is depinned.
7,833 (2017). 3) T. Koyama, et. al., Appl. Phys. Exp., 1, 101303 (2008).
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Simulation of STT-MRAM with skyrmion structure
Hiroki Asakawa, Yoshinobu Nakatani

Graduate School of Informatics and Engineering, The University of Electro-Communications
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Fig. 1 switching current density and skyrmion number at  Fig. 2 switching current density and skyrmion number at
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[1] J. C. Slonczewski, J. of Magn. Magn. Mater., 159, 1 (1996).

[2] L. Thomas, et al., IEEE International Electron Device Meeting pp. 27.3.1-4 (2018).
[3] I Dzyaloshinsky, J. Phys. Chem. Solids, 4, 241 (1958).

[4] T. Moriya, Phys. Rev., 120, 91 (1960).

[5] S.Rohart, A.Thiaville, APS Physics 88, 184422 (2013).
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TUBNLNT 42 b —RANT I LD ATV A OBEHE

A SR LM B, S
VEAUBIE Y B TERIR, SR T

Control of a Skyrmion motion by an angelfish racetrack
Koudai Migita', Keisuke Yamada®, Yoshinobu Nakatani'
'Graduate school of Informatics and Engineering, University of Electro-Communications
?Faculty of Engineering, Gifu University

X C®IZ

AXNVIF AL IR D AINIREENE R OF ) A7 — L ORAEEIE TH Y | UNETE CTOBEENN Al gE T o
HZ M, AXAIFUEHANEL—A NI w7 AE Y OMENER SN TVDH[12], L—A T v TR
Y TIHEAECVEROEALREIZIOAFAI AV EZFH ST RN T =X OFAEZ LTI, A%/
SAUVPFEELRTWARY Y a &2 ED | MERIEATT) ZENEETH D, AT, A A BRHEICE
D AR EREMEE A B BIS T BT v a b =R b T vy 741 L BRI K DB
FREREL, ~M 7~ T4y 7y Iab—raryzHun, KRFEEOFGIEZRE L,
HE LM 600 nm
PPEHERIE PtCo il 2 U« SURIRAE Mo=580 emw/em’, Biilliaie
=176 X107 rad/(s * Oe), ZHLAT 4 7 R AEEL A=1.5 perg/em, HKE
B a=0.3, FEWBIHE £=0.3, DMI %L D=3.0 erg/cm?, REE ST EHIE
= AT Ki=7.0 Merg/em®, ZALLIAN Tl 8.0 Merg/em® & L72[2], 1
PERIAR O K & S1E 600 nm X200 nm X 0.4 nm & L7z, T OREMEHIBRIZ A - : :
NWIF & O?E% L. AU 2 miE S CE A L CBREh S8 5 2 Fggﬁ;lic;li;lzgxg ﬁzgﬁgggfggfcetr“k
ab—a raTol, RFRESUIAAR D 2 RO 2 Fvie,
P S

2 [Z RV DIRME Hoan=1 kOe (28T D AF NI A OO T2 7~7, X2 KV, ZZ5iest 15
T, ARV IAVIEREBLSERN D | DB =ZARERICEEIT 5 Z L binoiz, ERTER O
MARIZ KV AF VI A OB G RMNENT D2 ERbhrole, TNHDOFRERID, BEFIEICLY AFL
A CEEMIIBEISED LD ARRTH L Z L bnole, TG RMOBENRAETHDL T b,
BMOMmGZ BT TMAEL—A T v 7 AR UREBARR LR | SRR T X OHAHEZ LTI LNT
&5, X3 ICRFHESR D 1 JEH 5 OWF#E] t EHRRER a Z 2L SHT L ZITAF VI A N IEMHICBEI T
% Hmx O Z T, EHASOBEIOSGE, a£7203 tp /NS < T 5D & Hua OHIFADIAL 725 Z & D30
moi, HIFM~OBEOLEIL, o 7203ty DREWVTD Hue OFFANILL 725 2 LN oTz,

v
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Fig.3 Conditions of a Skyrmion motion.

Fig.2 Time resolved Skyrmion motion by the
opposite field.

BE R
[1] T. H. R. Skyrme, Proc. Roy. Soc. Lond. A 31, 556(1962). [2] J. Sampaio, et. al., Nat. Nano. 8, 839 (2013).
[3] C.T Rettner, et.al., Appl.Phys. Lett., 80, 279 (2002). [4] N.Hayashi, et al., IEEE Trans. Magn. 8, 16 (1972).
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B AE PIV fifm~ OB E it Co-Pt F / Ki+DHE %

)

>

FHOOERL B B RUHE R 23, fmElse KL FRHEN L

B A SER 4, fREISEE 4, Pase— L J)IEE 2

(1 BRI, 2 BRKEARF, 3 IREKRERFE, 4 BROKFHEEEE FEMEE & —)
Synthesis of superparamagnetic Co-Pt nano-particles in protein cage structure, PfV crystal
M. Taniguchi,' Y. Shiratsuchi,! A. Higashiura,>* R. Fukunishi,'
E. Taguchi,* H. Yasuda,* R. Nakatani' and A. Nalagawa?
(1 Grad. Sch. Eng., Osaka Univ., 2 Inst. Protein Research, Osaka Univ., 3 Hiroshima Univ., 4 Research
Center for Ultra-High Voltage Electron Microscope, Osaka Univ.)

[(HEBM] WS R OEEERIL, BT A ARESNC L - ThRA KRB Z =T, 2D DOBER
K& Z HIMH 9 2 7 OIIIWEME T/ K ORI EAER QMU AEAER 72 E) Zdlild 5 Z & AR
Thbh, ZhiZ ‘i‘)”/?{u%"j‘/l'x EERFN O S Z EMECHIE T 2 LER D D, EEI 5O HIZIX B IEHITER
WEEAERTHIEAENH Y . T OBEMEIZIT T A Aoine, £z, B OfERbIZ X o TEREAE
&% 3 WOTICHAIMICEY S H 5 Z &N TE 5, T72bb, B T%L%ﬁféﬂzlél IRt S EHE
fEmaE 7 7L — e LTHY, BEHERNEICEMSE T 2R 25T 5 Z L2 X0 A X8O/ W HLHY
Be U7 matt 7 2 b D& A IR C& 5, Fx 13X Pyrococcus furiosus virus-like Particle (PfV)\2% 7 > 7' L —
M LT, b EE72 PEV (LU, PIV #dh) AR L7ciertk T 2 ko 3 WonBRIESI A2 HES L T
Do AHFZETIEL, PV fEfH~D Co-Pt -/ ki F-HEk. 88X NZEDOREKFFEIC DWW THET 2,

[RERAE] PV OfERIT, PIV 7 2=y NOKRIGEN TORFE, KGR, B, EREEE O B
I VITo7, 1ERILT- PEV z»’:/\‘/ﬂe“‘/&“ Rw oy ZFARKICBIEIC L0 fEdfb Lo, fERL 72 PV #Eds A f
FCHIAE L 7= Co, Pt A A U ERIZIR L, &Kl (NaBHy) ZM2 5 Z & T Co-Pt ki T a2 G LTz, PIV D45
FEATI2IX SDS-PAGE., PfV ﬁtaa@fld:ElElT%L A e P ORI I e X RREITEE, PV fbdh O IR 22
I FBAMEE. SR L7z Co-Pt T/ hif- ORI &M Z AL 7B EE (TEM) Z Mo, B 6 XORRIET
I%. SPring-8 BL44XU (ZE\\\TIT- 7=, SPrmg 8 BL44XU (23T DM EFHIICER L T, Co Lind &L OV Pt L %
W23 1T 5 EELS IE & [AIRFICAT o 7o, BEAURFMERTEAM I I IR BN RUBHRE /15T (VSM) & Wz,

[REER] CoBIUPLAALZY—F 7 LI PIV #EICk
4% EELS fIEIZ LV . PV #id:HIZ Co, Pt A A HHVIAENT
WA EEHER LT, Aok U GEICEZITH Z LIk D,
OB NBIE S, BEREEICB O T L IERIE e B L AR A
Bz, (Fig. 1) B2 SN-Biics W TR & 7Rk
fbix, HRIZBWTETHD, —FH. 5 K IZIT Dbl T

=
]

oo o
RR S

Magnetization (memu)
& o
R B

1359 1 kOe DIRBENAVBEL S HL, 250 Oe LT THIGE L 72 BALORE ool ]
EAFEIC R W T, B riamAEl (ZFC) & OBAL O R 0.06| X0k
BOTHIMERE =7 BB S D, 5T, Co-Pt F /i +® TEM 008 ——

BAZIE, FI24mm BEDF VR FRBERIND Z Enb, A&z Magnetic Field (kOe)

- (. (< A =] ﬁu‘i — — ATIN /s . an .
Co-Pt ‘f//ﬁ?:ié{ Q :J‘ob Tﬁ%ﬁ‘n%ﬁi Zj;é }:? Tl%ézh Fig. 1 Co-Pt F /i 7% &5k L 1=
%o ZFC % OO v — 7 1EIE, WIERSSIIR L THAISHED T ppy Fﬁa@ﬁiﬂlﬁlﬁfﬁ JRET 300 K.
%2 &G, Neel SEFIM ZFC # OAL O X R ERN THDH b0 L BRIFSKIZBT HME-REZR~T.
EZ B,

L Z DN

1) K. Namba et al., J. Biochem. 138,193 (2005). 2) F. Akita et al., J. Mol. Biol. 368,1469 (2007).
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HEARA R L 7o 8k-IeAb k7 R~ BRI 36 1 2 B ARG SRR O R
INWE S, “HRARE S, FHEH
(FAEKRBE L)
Synthesis of Fe-Fes04 nanoparticle assembly and its dynamic magnetic properties
T. Ogawa, °Y.Sotome, S. Saito
(Eng. Tohoku Univ.)
XL ®HI
AR IR T R O GIR TIE, R E) < KPR AR BEAEARBEEIC R Y, A== 7

T AR/ ED SN IR ST RE S B DWRRFRHBT 52 ENMbN TS, ZHET, Fe
J R L IR T DT/ Bt & OIEERIZIWT, Fe 7 /R OIRE ZHIH L7256 12817 2§k -
B ORERURRIE 2 BRI R A, BRI 215 C & 72[1,2]. ABFSE T, Fe 7 /R MIC@ < AR OZEH %
REES 2 2 & 2RI, Fe /R & fafii b o B2 5 FesOs F / Fi+ & DEFER O LEEMRIZI 1T 5 8)
HIRE AR DR 24T - 72

EBRA &

ERIRF DR Z FIREZRBR D M 2 2720, RN
lppm ARG ICHIE S iz 7 a— TR v 7 AN THFE G
IZ&k->T Fe T /RFRER L. P70 BB
Fe(CO)s LA LA /LT I &R & L TR A LINEYR
¥, ZO®% T b TR LEZEGBRIZ L > THhEREZ S
oo Flo, FAVANT I BT Fe(CO)s & A LA
fe % HiBEIR L LT Fe F /R 1 & RO EBRZIT WV,
FesOs 7/ Kit %157, Bonict /a2 LEOER
HETENEN M CHESBEE, BRE Lc&iIcT
)= NERAWTEESED Z L CTHRERG LN R, : _
% Fe-FesOa -/ Ri D IEEEAR 2 AR U 7. M RIAT & Fig.1 TEM image of Fe-FesOa nanoparticles.
LT, BinAEFBMEE(TEMYBIE 21T > 7=, WF gt

AL PPMS-ACMS(H AT+ 4 1 « F9 4 L4t % 8.0x10 °
HWTHEBWACEOFM 21T > 72.
—~ 6.0

EBRER 2

BRI FeFesOs=101 OMEERIED TEM R % Figl 4.0
129, Fe b JRif(E=2y N7 A MRL1) RO FesOqs 7 ) -
SRRz N T A MR 0L L T DAk 23 8L E
SR, SEERICHO T Fe RO FesOs 0 FHRIERIE  — 2.0
2 9.3nm, 8.0nm Tho7-. Fio, EHEMILED = =47 Lz
FI(r) & () DR R, ZH2Eh, Fig.2(a)& U(b) 0.0 |
IZRT. Fe OERIBAAEL 25100 -> T x i3k & 100 200 300

720, £, PEDTHITED 2 MWRIREN SRR 2.0x10° ) L= .
(27 b LM RED. 2 OMKIRE 138 B D
BREEME, DV, RA—8— AL T T RA~DOMSIT ~
DEEFBLTCND EEZBNS. YA, BARE S
OREFBIARANES, =1 Do 78GR, VM W% 10
RRIRFEREOFEAN, 72D ONS, REAHUFICBLCoO®®R 0 S
217, g
B2 SCHk =

[1] K.Hiroi, H.Kura, T.Ogawa, M.Takahashi and T.Sato, J. 0.0 F?m* |

Phys.: Cond. Mat. 26, 176001 (2014). - 100 200 300
[V, fHEE, miEar, /NI, B AR 25 35, Temperature (K)

203 (2011). Fig.2 Temperature dependence of (a) x”and (b) x ”.

il
AWFIEO—F01E, BAarse g mibh e SR ZEB) (%)
(18H01466) DX EEZ T TiIThbN2bDTH 5.
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M JC3E B — AN R REL e LT iE e =L 7 e R LD
”-(Fe, M)1gN, = 2Hi1-(M= Al, V, Cr, Mn, Ni)D{/EHL
°FREtE R, SRR R GRIERS)

Synthesis of a”-(Fe, M)sN, nanoparticles obtained by hydrogen reduction and subsequent nitrogenation
starting from a-(Fe, M)OOH (M= Al, V, Cr, Mn, Ni)
Masahiro Tobise, Shin Saito (Tohoku University)

FLHIZ EHRERARULEY a-FergN, 13m\ I L 1680 emu/em® 24 L, —dilifk Sk < 5% 7 M= %
JLE— 9.6 x10°%erglem® 2R T ZEMNLEIN—RREIMER B E L TSN, vy TREGHE L TO T HENEE
BHLTWD Y, M OIS L 85438 7T L TI7- Fe B F 42221k L a”-FereN, BI F- 42 A5 7 mt
ANZBNT, a”-FeygNy FHO L RS % 8D 572001 HI TR v A G 2 i 2L L1, o-FeigNy b1
BLOFOEBEROIZHELBRFELDOBRIZ SN T EDOIGEEIT->TD 23, A RENTLYE RS R
IO EA B IRLCFe ®— % M t#% (M=AlV, Cr, Mn, Ni) TE#L7 o”-(Fe, M)1gN, -/ Ki 1D A
AR AR LT
EEBAE  HREIFEHIIE a-(FegsMoos)OOH T ki 1% iV 7=, %8 JFUEHE 300~500 °CC 4 h 7k & Hig oo
LA &Hex 150~180°CT 5 h 7o E=T HEL AT o7, AR X BRET, BEAREX VSM CREL7-.
EEIER M ET a-(FegosMos)OOH T ki 1% 3 T « ZALALELL o*-(Fe, M)1gN, FH D & il sk A 725 3,
M=Mn, Al DA LIS MRS 2507, Fig. 1ICHZEFEEO TEM %27~ L7, a-FeOOH DIk
ITAE /F/Vﬂ(“(&)é@ KU T Mn [EHCRITERIR, Al EHRIZERIRTHY, M ILHEEHRICIOIRNE(LL
7o, Fig. 2122 bzt - BB L 7o D F TR B IR ORIE )T H A8 TR B L OE(IRE IR LT
7ayhLiz. 72 a’-(Fe, M)1gNy AR U7 fEIRA 52 C/R L7z, Mn [BH#5%13 400 °CLL_EOIESET Fe(Mn)
(CIEESI, SHLIRILA 160 (COLID A a™(Fe,  FeOOH  (FeqosMngos)OOH  (Feg gl 0s)OOH
Mn)gNo FHZME Rl U7, 22{LIRERTA 16 h £ CIElT ‘ g5
L72&Z A H 1% 480 Oe 725 970 Oe FTEi7e o7z,
— 5 Al {E#RIT 340 °CLL LT Fe(Al)ZIILSHL B8
22 (VIR 155~170 °COJEV VDA T o-(Fe, Al)igN, [ e,
AR LTz, EHIZE/RIREE 160 °ClZBWTZEAL
IRFfi] % 16 h ETHEIXL72&2A He 13 1390 Oe 75 e
2180 Oe FTmikRo7c. ELIREAZEZ DL Fig. 1 TEM images of nanoparticles as starting materials.
HE[LFFHZ EL<THZED TN H A EICHZD

Tholz. ZOIHT M Starting material : FeOOH (Feg.95Mnj o5)OOH (Feg ssAly 0s)OOH
THRICEST a”HRE 2 He (Oe) Hc (Oe) Hc (Oe)
Ekj—%) Ly %‘ﬂi{mf Y 2'.180 ajlger :Ze';grigguggg“-phase - |
RESE LIz, Skl £ (74041030 4 3904510 ¢ 80 B 0100 ¢90 i 440 ¢ 1180
L2 5 3 S o0 80 2180 1250

$EEXT) /%Tﬁ%{fé‘f 2160 BE‘U. 860 Y 70 - 1sh.az}‘(]] o110 ¢80 - .871gh.1390J330.1190
UiIANE LT AN VoA - #1480

. [~ 703 L L
ZRHEL a”-(Fe, M)Nz £ ’ g
ﬂ‘/;{:i‘¥$/\{2|§0)ﬁ§2/— Reduciblle F» Reducible . Re«l:iucible

L & S50 140 : ! 5
300 400 500 300 400 500 300 400 500 600

(ERE R E'ﬂ 1%‘ (22T Reduction temp. (°C) Reduction temp. (°C) Reduction temp. (°C)

%\ e (\ 3 ﬁl: - - - - - -
B LI G R E BT Fig. 2 Plots of H, of nanoparticles as a function of reduction temp. and nitrogenation
5. temp. for several starting materials.

SEHk 1) R. Skomski et al., Scripta Mater., 112, 3 (2016). 2) M. Tobise et al., J. Magn. Soc. Jpn., 41, 58 (2017).
3) M. Tobise et al., AIP Adv., IM12019, 035233 (2019).
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FRPE T N ECELIS LD H 28 FesOa 7 2 7 v R 1 DR R AEAT

THENE -, /ARRE, EELRWE, A R, Jerzy A Szpunar', Jayappa Manjanna?,
RSEEZ 3, BRIE 3
CEFRETL, "B ANDF 2T K%, 2T7=Fx <K%, *CROSS)
Magnetization process analysis of hollow Fe3O4 submicron particles by small angle neutron scattering
(M. Chiba, S. Kobayashi, T. Watari, T. Murakami, J. A. Szpunar, J. Manjanna, Y. Kawamura, J. Suzuki)
(Iwate Univ., ‘Saskatchewan Univ., 2Rani Channamma Univ., *CROSS)

[ZLHIC
T AT BRT—NVERT 4 AT R Ry N OBERERERICBN T, AV RNREEL & 5 A
B RMLT v 7 X AT SV)BERREND 2 ERIES bR TWAD. il ld, T2 FesOs 73 7 1y
B f-O LR ERE#R (FORC) JIED D, HZERI 7 TH SV IRAED T=10K~300K O JAREFIFH CHEELT 25—
77, Verwey IR AL (Tv~120K) LA T, SVIREENRARZENT D2 & 2RI LY. RBFETIE, 22k
BT SVIIREEL ZORGRIEZ I ST 5 2 & % B ISR T M M BELEBR 21T > 7O TS 5.
EBRAE
172 FesOg V7 X 7 1 AR - (CE¥IRIAR:417.4 0.8 nm, FEIFLAE: 2111 nm)IZ35\U T, KRR B 1 sk 5
7% (J-PARC) D K % AV CTIRAB 11/ NA T A BREL S BR(RE A 40 H=1~-1T, JRFEHiIPH T=10~300K) %17~
t.¢ﬁ%@k%ﬁm;ﬁﬁ@m$ﬁmum%%WML,m%ﬁﬁﬁm@wmﬁﬂﬁguwwm&ﬁ@%ﬁ
1177 1R DOREEHGELTREE 1(Q)n,mag & HIE L 72.
EBRER
Fig. 1(a), (0)IZ T=10K (Z351F D (Q)v,mags 1(Q)nmag DY
KIEEEZ ZNZIorT. fRRETH D 1T TIE, Q) mag

o= BNERE T2 — 8, (Qhmag TIE, H(Q)vmag &

(2, B ORI & & HIZHREE TN L, H=-0.03T Thx
KaERUTe, H=IT TliE, fafmikiE 2 Kk U Cidm B E
) D F S BCEL TR ﬁxﬂzjt Ll b —J5, KBS (H=-0.03T) T

y ;
IZHBNT Q=001IAT T m— Rt — 7 Bl S hiz. 1
BOWD & L HIZ, (Qumg DAL THD L, SV 10° S ;
TERAVRIZ S % H=-0.03T CHE N R/MEA =T 2 & A 10° :
otz £, ERS(orlT) THEIH S 7z Q=0.01 Atd
B — 7 1% H=0.03T TILIIK L, ftb Y Iz Q=0.015 A1 TH 10°* ;

-6 .

Intensity (a.u.)
= e
o O

sond ool v oned viomel o

VR T I 7 1 R ONTEAT 7 18 0D B L B 7S RV R A 10°
B ENGMoT. 102
F72, IRAEGELN D, Bragg b— 2 TR S EFEEAHELAE L

T H=-0.03T JHETRAH 5 VIR N RT 2 & & R L 10™

7. UL EORERIY, KBS (H=0~-0.03T)T SV MEk S 1 10°®

soomd vood vowsd v veed vied 1 ou

(b)l(C?)

TW% &) FORC OFEERER L —E 5. . h, mag.
A 107 =501 )

AT BELERIZ2—F—Fr 7T n GRESE S Q(A™Y)

2018B260) Ot &, J-PARC B - EAnFHFIBLRL TH Fig. 1 Magnetic field dependence of magnetic
fi L7z scattering intensity in the (a) vertical and (b)
B E ik horizontal directions at T=10K. For clarity, only
1) M. Chiba etal., AIP. Adv. 9, 035235 (2019) upper limit of error bars is shown.
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L1lo-FePd/a-Fe 7 / B 7129 5 “FHEAD ZHAE A O AL

IMARFERL EERK2 FaAr - Zr - MyA 2 FARKLK S FHEFNE?2
CHRPEEE, 2R B, 2 k2% HE)H)
Visualized Two Types of Exchange Coupling in L1o-FePd/a-Fe Nanocomposite Magnets
Kenshi Matsumoto, Ryota Sato, Thang Thuy Trinh, Noritsugu Sakuma’, Toshiharu Teranishi
(Kyoto Univ., "Toyota Motor Corp.)

[ R] R BERAMEFA RN @ < SRS B 1T, T/ UL CTREERR T 5 & &1C L 0 RBEMEAR DAL iz %
PHlT 2 ENARETH Y, St Eb - BRI Z AT 5HMBA L L TIR2ES 7/ 2K Yy b
i (Nanocomposite magnet: NCM) 2R CT& 5 L HifF S CE W, & Z AN fkx A G HHE D NCM
DINETMESINTELLLODO, HHBEAIZH R TRAEREG DGR D Z5EMT 2NN TH -
B, 512, NCM ORI NITREX M O EAEM . #hdh 7R, TRIR7ET T <8R/ EEREMEAR A o Stims ). K
Hib, MOBEEREZ ENEIN 272 9 5729DR3 . NCM OEREE 35] & 70 WK DS AR O £ £ ¢
bote, T THAIX, X ERAENATREZR Ll-FePd & a-Fe 2257225 NCM OHREX T ki -% % —7 > b
I LT, kg, (AREL, FHOBEERE 2 HIHT 2 2 L 12X 0 NCM OFR1E ) KB IR T O I & 58 7=,

[RERAE] Wt /T2 BRT 572012, (1) SMFEPDF ki CEE#EE 14,19, 23,26 nm) OFA
i (K 1a), (2) Pd ./ kit ~D FeOxtHD¥)—#ifE (FelPd = 53/47, 62/38, 66/34, 73/27, 75/25 at%) (IX] 1b) .
(3) ILFH S T, 530 ~590 °C, 1 ~25h TOEKLEE (X 1c) DFIRE LT Llo-FePd/a-Fe NCM % &Rk L 7=,
O AL TEM BlZ2, ¥k XRD #lliE, EDX i~y B 7 XRFREICLVFEE L, £, &

R RS PHEAR [ 0D 22 Mt & O #E1X 300 K (2331 % SQUID 12 & 5 FORC HIE D & T L7z,

[RER#ER] Pd/FeOx = 7/ = /b / ki (19 nm Pd, Fe/Pd = 66/34 at%) % /KFEFEPHS T C 540 °C, 5, 10,

15, 20, 25 h TELH ZHi L7- & = A, BVUFEFER OB AN OB O BRI RN R oz, & 2 AN,

AR XRD /37— ip bR 472 Llo-FePd FH O HLHIME LI X HFHIZ G L Fe OfE A FRITE(L Lo T2,

I HIZ,1h & 25h OEULE T 54172 NCM O BEEREIL 2 7 ¥ = WHEE) D ¥ X ARE~ERET 5 2 &
MIEHE~ v B I L DR S I7223, 5~ 25 h OBVLEE T 5 iz 3B O S A e 2 R I IX B35 = &
FREETH -7 (X 1de), 2FV, EBFPMETBE CHREMICER T 20 b3 0 7o BEE 2 e
NCM DEREE SN FH5 L TWD Z ENREh
T2e &2 CHUEZEWNZ L2, FORC fifffr 24T o7& =

A5 ~ 25 h OBSLIE TR S 723 BHT T T R
F10D NCM & AEARH 7100 NCM THERE S, BALBRI
M OB MELRE T NCM OEIS 2342 =

ENGhote (K1), Zhik, AERENHE 2D

LD DT IR B REZALIZ T © $5/) Fe JEHIMAS
B B i R & 5712 Llo-FePd/a-Fe [ D38t & % B

WCH<T LI LERRLTND, SHIZ, #ed Pd H, (kOe)

Kit, 7% FelPd fLE% LD BHIERL X 4172 NCM I1Z%f (b) FelPd = 66/34 at%MPd/FeO,
LT b [FIRE T R 0 A MLl & 05 B MR % A7/ T/ HF. (c) blxF 55 h, 540 COHRULEHD

TEM{&, £1f=. (d) 5hFEtI(E (e) 25h, 540 CTRUNEL 1-15E&

Bl 5 Z L2300 . NCM O 13 e THURIZ TOEDXRTHRIvEVJR (8 :Pd. %:Fe) & () ThETho
N . FORCEM ML/ ON-REANH (BRR: RAME. K- F - &:
Fe fHDERITUEAFT 2 Z L BB NI/ o 7, TAVTAVTER K RMET A VT A VT OBE) .

L Z D&

0 5 10 15

[1] R. Skomski et al., Phys. Rev. B 1993, 48, 15812. [2] N. Sakuma et al., ACS Nano 2011, 5, 2806. [3] Q. Song et al.,
J. Am. Chem. Soc. 2004, 126, 6164. [4] K. Matsumoto et al., Nanoscale Adv., in press.
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Observation of nonlinear spin dynamics
in an interlayer-coupled ferromagnetic multilayer film

A Dept. of Phys. Kyushu Univ.,
B Research Center for Quantum Nano-Spin Science, Kyushu Univ.
M. Yafuso #, K. Miyazaki #, and T. Kimura B

[FL®HIZ

BEDORENEE # FFORMEZ EIRICB W T, ~A 7 ok 2 RS2 & St o sk i 125t
I LT Dk 2 E B S b S b, 2 OA . MR R o &R E/ERCmEERNIC L AT
HAEVIENREIZE Y FEEREOIEE— FIXEHFHIND, —J7 T, Mg/ IEREES
BOREICBNT, Far2 B ERANEFEZ 2 H®EINTEY . ZREEOILBREIZHSWN T, X
D BRI IRE S D, BRI, 2 DORMEE OIBSRIENIT WA, A EIIES L.
FHIFEEIZ L D0 e v 7 E— R, 2D WVIEINREET— Rie EORRREOB N HIFFTX 5,
ZTDX O ZBEEO L ELEAZBIT 57-9I12, 4, CoFeB/Pt/NiFe Z @A 1ER L, &mdk
JE DILIBFEMEICBA LT, FEMICEHME L7 THET 5

%ﬁjﬁiﬁ 104 T T T

CoFeB/Pt/NiFe [T iHHZE A Xy & 418 % H i € 1
W CERERRIE U 7, AP i e Rl X
FRIEPTORUEHR BN RS /) 5t 72 & % VTR =
L7z,

SRR T | ORISR k> S 0 L

TRHM L7z, S BICARERICKB W TE, A

7 RO & ERCHIE LY v B 2 E 20k Coreb Monolayer
Ha D 7010, NS BB £ 5 CoF e RPIEe Milfiiayer
BRI E T B 2 & T A 7 1 R R 400} . . ;
DD AR N EBTNG, : N [Oe] bt

ext -
1 5 PR 12X > THONZ AT R (9. 2GHz

EE& 20dBm)

X 120y Rma e TR IS & - TEREICE & 013 ——————

S A B & 2B O X~ h L : 1
D %R L TW5, B L 5T g“m} o ]
CoFeB O M RE 7N midess LT | NiFe TIHK gm”’
BB BE LT 5 = kiR sh &

TWB, &blc, AT MADOAT—KEE B o1l y -
RIMEL7ZE 25, R2ICRT LS CoFeB & |
DL E L VRN, A 7 alsREEIcE 8 0009 ‘

S TREL RBBEANA LN, ZH5IEH

BEVEEBIZ K > CTRAE LB L D B 00— 51416 18 20

EABEETHL LEAITELZTND, Zh Microwave Power{dBm|
5O HOWVWTCHEBE TITE LT 5, 2 CoFeB/PtNiFe {2351} 5 CoFeB D& v b1 7 B D

~A 7 R R
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Co-Fe-B 21T D b2 A F 2 7 ZADIEERIFM

EEEAS, MR, Nguyen Thi Van Anh, #ilscds, MiFHIE ", =FEETRE CGRAEKE)
Change in the magnetization dynamics of Co-Fe-B thin films with temperature
Y. Endo, H. Tanaka, T. V. A. Nguyen, H. Sato, S. Ikeda, T. Endoh (Tohoku Univ.)

FC®HIZ
MRAM, AEr ML I RIEHT, Al v V75O AEy ha=g A7 4 ZZ2F LTV BT, 2
A A% HERT D Co-Fe-B DR X A T I 7 AT DR EANAT R bILT WD, ZOwbZ A F 3
7 A EHHT B 7-DI2IE, BEA AT I AQOFETERNRTA—2D—DTh 5, WlLOHE) ML &k 5
B TER (o) ZHETHZENMEATHD. LOLARRE, o ORI 52582 L TIT 451
B STV, AR T, KIR G EIR TORBRED 272 5 Co-Fe-B D o %, 71— RN Rififg
PEILIG(FMR)JIEIE 2 IV TIRE L, S b7l 4 Co-Fe-B HIRICIIT % a OIREKIFIEZ LT 5.
EER K T
5-15 nm JE® Co-Fe-B #iiL, T ZAFMR FICRF =7 % ha o zx/%y
H &AW THRE L 72, ERLL 72 Co-Fe-B #iIE DAL IT CosFessByy T
. e IE AT 3 X ORETZIRFHEIZ 1L XRD, TEM, AFM % Jf]
WL pds, faeiEE R KOERmEPIRICE L T, REICEf®RR LT 100 K
ENLT 7 ZBLURMS DIEN T A CH 5. £72, MRS S E—
PEICBE L Cid, WRRAs i mss B I A0A SN IRFEAI 8 7 a — R Magnetic Field, He, [O€]
NV RERREME LR EE: (PPMS-FMR) % W=, JIEIRE#PHIX 50 L B
K~ERTHD.
BRBLUEBE
€ 112, 15nm /50 Co-Fe-B I 351F % 100 K 3 L OERIE TD FMR
AT NV O FURAFYE 2 3. 50 K LA b oD 7 T ARk T U
FMR 2227 kO ETEABUIC X, MIEIREICBIR 72 < FBE o S0 000
HINZ & b 72V A s A ~BEh L7, F72, ooy Magnetic Field, He, [Oe]
BETETRE (WK & /s & OZE05) 1THERE DK T & & I L=, Fig. 1. FMR spectra at 100 K and RT of the
—J5, WU 10 nm BLFOBAITIE, 100 K LU ol iR sz g 15-m thick Co-Fe-B thin film.

u.]

' ' '
W N =R O KL N W
T T T T T

Deriv. Absorption [a.

=
N
T

4 GHz > 13 GHz

o A OB ®

~
o

Deriv. Absorption [a.u.]

VTR 15 nm DA SR LIRS A DR, R OBEIS 0015 —
T _TOWNERITH L Tr—L Y B ) T74vT 4 s : i
U EATC, JEER (H) L ORGOEEE (AH) 2RELE. § ool =5 nm .
HPERE TOAL, O FMR BE () (T 28U (f) & I i
MBS TER (@) ZFHMELZ. K2IORT RIS, WO g b 7
FIZBNT Y, ddiREDET L & b, Zhbo¥EiEs ¢ . ]
b%&@ﬂ@pmmbfw boLEZLNS Y. £, BEEsmo F tlsnm ;
AT 200K LLFIC 5 L FE LML, ZoFRITEEOKT 0 1(IJO ' 2c|)o ' 3c|)o
%KD%ENmEﬁﬁmﬁk%b<iﬂﬁﬁ Y ORRRY  Temperature, T (K]
ROBAZES Lk 52005 e e e o o
EQ;JE¥ temperature.

AWFFEDO—EIE, FILKRZMA Y Y b =7 AfFER%E L % —, HIERFEA Y b =7 A2
RHER X —, HIEKRZEBRER-L Y b= 2R —BLOERA b L — DR IeHEE RS
(ASRC) OXEDOH D L 7T, F£To, AFREO—HIL, FHFEIEMI (B) (No. 17H03226), FHif#:
KR RFZE B AR (No. 17F17070) DfiBhD & & Tz,

ZE3CHR 1) B. Heinrich et al., J. Appl. Phys. 50, 7726 (1979).
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L B VAN M({EB_:E.\ }Ih#%%
(/AEE%“I&/\ A BHITSERT)
Magneto-optical effect in nanogranular films with SiN matrix
K. Ikeda, N. Kobayashi, K. I. Arai
(Research Institute for Electromagnetic Materials, DENJIKEN)
[E40%:s0
b 7T =2 7 —EEL, REO~ N v 7 ARICHEMESR T R A S S T MEA A L TR0,
RS, b R VSRR (TMR) 272 EOMtEZ R 2 L THMHLN TV D, Fexid 7 vk
%7“/ 7T =27 —FICBW T, BB B & 30 at. WL FOMERICB W OBt EZ RTZ L &
WLV BIYIGIZK LCTA0FD 7 7 7T = e md 2 b2 RELE Y, 7/ 77 =27 —ERICEB TS
R&E f;BAﬂi%?éﬁ%zi\ ~ MV w7 ZAFE R OB F OBKE— A BTN AZIND T EIZER
THEEBEZLND Y, REVBRNEFDRERTT ) VT =2 T —BIIIRKIETFT A A~O ISR
SINDHN, Tk~ b w7 AW EEEE A R TR, EBITEMEW D BEEEO 2 T e L
DEEITHEMBINR RO HNDT A A~OEHITIRETH 5, AFE T, SETEEZET25F/77==
T —EOFER 2 )L LT, FEERT v X LoBFERE . GETEMETHL SiNE< M) v 7 A
L LT ) 7T =27 —EIEOER ARG Lo, ARG Tl RISHEA /Ry 212 &> TERIL 72 FeCo-SiN 7
)77 =aT7—RK o, EEERSENE 7 7 77 —IROBKRR Sl onTHET 5,
EBR5 15
FI T = ?“‘%Hﬁ I, SisNg Z—7 > MZ FeeoCon F v 7 HBE LIZBEA X —7 > FE AWV, Ar & N
@%f/\jvz RSN T RFE A%y ZHEBIC L B RS Ay 212 X fERLL 72, B InEGR & G T
v, IR AYKT 700 nm @%Hﬁ%f’ﬁ% L7z, fEdbtEiE T XRD, #iEE 1L TEM (2 X - TR L7o, B b
VSM CHIEE L, 77 77 =%, 6 WENIR T 7 7 7 —2h R W& % iE (NEOARK, BH-600LD2M) % H T
FEAM U7z, IO YEEFEL, 4 FR(Shimadzu, UV-3150) % AWV CTHIE L7,
%%% : A

ANy 7 A DEUEPEA 7S & TEELL Eo ¥ 20%
7= FeCo-SiN F/ 7' J = = 7 — DO Wi ;;} 4 :::Z
i TEM (8% Figl \ZR3, 7ELT 7 2 5,
DSIN~ kU v 7 ZIZFeCo T/ ks S s 3
ST ) 7T = a TR R L z°
TS T LN G, 2

Fig.2 (2 Ar/Ny T 2 Difi Bt R &2 25k & -4

0 500 1000 1500 2000

FCHER L7z FeCoSIN T/ /T =27
h_%ﬂ%@ 777 ?‘TE@&% DEAAF Fig.1 Cross-sectional TEM image of Fig.2 Wavelength dependence
MERT, ETOREDEE O FeCo-SiN nanogranular film. %i Co%?rNaiiiogrzchfgr}ﬂmgf
ISCTT 7 77 —ROFERIEND

ﬁ’\ﬁﬁi‘@‘é?ﬂiﬁﬁkf‘i%f L. FFan iy DRI, BRI A RO ’Fr} C w7
ML ZEDRHERIND, Tk~ N v 7 AOFEEFERIZB W THERE SN2 K 912, FeCo-SiN Iz
TH~ M)y 7 ZAREEFOHKE— AL FOZ N AR LR TRERT 7 T T —WRBREBH LT
LHEITE D,

L ZD N

Wavelength (nm)

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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FeCo-BaF 7/ /T =27 —[ROWELE KT 7 77 —2h %

AR, MR, SRR, RHE—
(RS EEN B BHIFFEAT)
Structure and giant Faraday effect in FeCo-BaF nanogranular films
N. Kobayashi, K. Ikeda, T. Iwasa, and K. I. Arai
(Research Institute for Electromagnetic Materials, DENJIKEN)

[FLHIZ

77 T T NREATOMEHL, KT A Y L—F —FHONRBERT A ACHWLNTE Y, mEKRL
IR NEDOTH D, Foxld, SRS 7 A DD T ) VT =2 T —FRICBE L, 207
7 75— R ST U7k B Gl E O R (1550 nm)IcB W T E A= AT —% v M(BI-YIG)D#HI 40 {5 H D
RKERT 7 IT =R ERTZLEEZWALNCLEO, Z0F ) 7 T7=aTF7—BWeXTA Y L—F =50tk
[T NA AMZHNWD Z LB 26, RERT7 777 R EFRFCEWEHZRELZ RT L, Thbb
PHERREERE W ERRETH D, 1/ 7T =2 TR, KERFET~ N v 7 AEERT D7 w1k
WMIORFREICHRAFT D B2 0N 5, ARETIE, BaFR 2~ MY v 7 AMEE LTH ) /T =2 7%
PESRLL | FEBGREESCBVLELIC & % BaF, DfE R PED ] b & | PEREFE R D BIRIC O W ThES LT A MG 5,
EBLE

HEEEREHI RF A Xy ZEEEE NS T DEOIZ L > TER L, 2207 —7 v FARAE—D— 512,
FeeoCosn 4% —77 ~ M(T6 mm ¢ )%, M52 BaFo(76 mm o YW KBERE % — 47~ S &8 L. Ar T AKFHR T
W TCRIERIC ARy & LTz, EMRITIEZ, 50x50%0.5 mm O a2 —= FtHlA — L XGC T AB L OAEN T
Z F Tz, BRI OO BT 13 400~700 CITR%E Lo, MR IE, #E 0 B S o Hris(WDS) & VT
Bri, Bedbbffix, IREECEHEIEHVSM) &2 -V CHRIGE Lz, =R oRE TS e EF W, 77
77 —[ald a1, 6 DR O L —H IR (405, 515, 650, 830, 1310 35 L Y 1550nm) % fik % 7= x4 7 — 7t
#il BH-600LD2M % FIWVCHIE L7z, M, 26 ORIEIXE TERIC TITo 72, BEOMEEMITIZIE, X BRIEHT
Bk X OVE o fifRE R E 1 BB (HRTEM) &

A=, 109 ' ' ' ' '
R e by \assat '
Fig.l |IZIX,  Fe+Co & KK E 1 nm TOH EaS R l
[ 1550 nm 0 BokE R A R L, e 8 OF ]
2. FeCo-BaF i3 600 “C. FeCo-AlF |X < oor |
660 ‘C.% LC FeCo-YF [l 500 CIThnEh L § 52 _
AR L L R T h S, EmRE £ Feco o
Fe+Co EDOHIMNZ X » T35, FeCo-BaF % zz I Y Q ]
f51 FeCo-AlF 33 X OF FeCo-YF i bz L C = FeGoYF
X0 @ Fe+Co BTV T L Bl & HeFr o1 . [ % 500°C b
L. FeCo-BaF EIZI W\ TRERE MBS LT 0 10 20 30 40 50
OMRRREN M ET 5 Z BN LR T, Fe+Co (at.%)

SORERIE ¥ MY v 7 AEPRT 5 BaF, O Fig.1 Relationship between Fe + Co content and

FESPEICEET D EE X BN D, transmittance of FeCo-BaF, FeCo-AlF and FeCo-YF
films at 1550nm.

L Z &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).
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WA TV A X FRENZ L DITRNNOI A~ > 7 2T —

B HEE, RV~ PIARE>, BBR s
(ALK, *RRIEHAR, **EHBE )
Non-reciprocal one-way mirrors with magneto-chiral metasurfaces in near-infrared region
Satoshi Tomita, Nobutaka Onishi*, Hisao Yanagi*, Hiroyuki Kurosawa**
(Tohoku Univ., *NAIST, **NICT)

FLHIZ

REMEAR & A TAAEE LA E T ATHREIZB W TIE, RN EFER & FHEROWTRIC L > T, W
HIARAT - FIKFEEST (BRI A ZUhE) BB 52 DML TS, Fx T E TR
ERAGDED & T, BRAIA TNVHENPERTE D L~ 7 nifEROER LB THRE LT
[1]. A FENIBUEFFE 2 AW, ERDEER TV S A2 R~ 34 - U 1 - &= BIEOPAREERIO T
2, BEASR@EWA v N AT —% > b (BiYIG) AL AXRE T, WA 7V FENIEBLT
HZEERONCT D, LT U H MEAOKREGN 72 LT 5, HFHR~Y v 7 I T —~DiEER<,

HEAE

FHEICITAREFEE (COMSOL Multiphysics) & W5, FHRT 28K A TV A Z K% Fig.l 12737,
T AFEMRD FIZBiYIGEZEE, 20 24> U0 - &
—EEAERIOIN T L2 EEiE<, &LV IOEREIX
TN 250m L5, x BI Oy FENITE OB RS %
WHT 5, z 5 10 OB BRI X > THE L 5 Bi:YIG OREZE
2 (77 TT—) RIL. FERORAIE (558) L IEXHIEHE

(0.002) TEHT S, R— bdrbLz FENIAS L7 B R
DOBREN KN D ST A—% (S & Spp) &, Wi
1000~1500nm O#iFH T LR HEIHET 5, £ L TEDES
T D Su-Sp 2R D, £72 Bi:YIG OIRIE % 25k &4, Spi- Sio
Y AR MLV END,

HREER

Fig.2 |2 Bi:YIG DE/E % 200, 300, 320, 340nm & L7235
B D Spy- S1p ZEATFRE AR MV EIRT, R TDALY LT,
B 1030nm (TS o« v TR A D, ET2BR 1300nm T 60000 ]
WZIE, YIG200nm TIZ B — 27 23, ZUSND AT ML TIET 00010~ —
AV TBRRZD, ZNLDOEFIERRI A FARITERNT 5 B2 e 3
LEZBNSD, 1030nm (HEDFEST ¢ v THREL, BEEED 00000 .
BRI & T L T, 2RI BiYIG R TOYED L H X oot ]
FICEER LTS EBZLND, Lo THEEDREILEZITS Z
LT, WA B IR EORAD I SN D, AL L
Kfr - R~ v 7 I T —L LTCORREE L EmT 5. ool © YIG320mm N\ /O

0.0010 [~ —

200,300,
| 320,340nm

200nm

Fig. 1 Numerical calculation setup

0.0010 T T T —

-0.0020 [~ b

0.0010 |~ 1

S,,-S;, [dB]

0.0000

%%iﬁ 0.0000 -— __
- -0.0010 =
1) S Tomitaetal., Phys. Rev. Lett. 113, 235501 (2014); S. Tomita osoof Y YOO N
et al., Phys. Rev. B 95, 085402 (2017); S. Tomita et al., J. Phys. - MOOWa\l,Z(;ngtlrs]m[)nm]l oo
D: Appl. Phys. 51, 083001 (2018). Fig. 2 Calculated spectra for metasurfaces
2) M. Decker et al., Opt. Lett. 32, 856858 (2007). with various Bi-YIG thickness
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27pD -1
PASb %3l FeNi & 4B R D il it 1S & i SRR
(SRR I G S i
(B ERT R¥FE B TAER)
Crystal structure and magnetic properties of FeNi alloy thin films doped with PdSh
T. Nishino, K. Kamishima, and K. Kakizaki
(Graduate School of Science and Engineering, Saitama University)
#eE

MHFFE S/ N—T7 TIE 2N E TICPAB L ONSh # AR L 7= CoPt B &
N FePt A4 I 38U C OB B2 5 il C & 2 <001 > J5 [ 73 g 1 22 1. 5[]
R L7z LI BAEN S SN D 2 & il L7z D9, & Z TAMFFETIL.
CoPt 35 KO8 FePt A4 L RIEKIZ, Ll A E 2T 2D & S Dd FeNi
A& E L TPI-Sh x5 Z & T, CoPt i XU FePt A4 Tl
ERERD A T =X LRV Ll BRI Z AR TE 2V D RE L7200 TH
HT 5,

RERAE

RIEIZIE of w7 R hr ARy ZEEEH W, ¥—7 Y NI 76
mm®® FessNigs FHA 12 Pd F v 78 L%k Sh 2050 fHiF7=H 0%
i, Fv 2 3—N% 7.0x107 Torr LA FIZHER . ANw ZH AL L
TArZEAL, Ar HAJEIX 10 mTorr & L7z, ANy ZIREOFEAE T
22Wiem2 & L, B3 7 A K FICHEIE 2349 80 nm & 72 5 X 9 =&
TR U7z, pltg . JUE F KRR 700°CC 1 REE o Sm G L
ATV, BB E ST,

HBREBIUEER

Fig. 1 [TaE% 700°CC 1 WA 2ALEE L 7= Sb/Pd b oD B 70 5
(PdSb)g(FeosNigs)er HMED X #RIEIFTX A RT, T XTOREIZIBNT,
(FeosNios)Sh 3£ L TH Y . CoPt 18 L (8 FePt &4 TSI
ETUT2Sh & Pd DU E TV, ZIUTEEWD, T X TOREIZEB
T fec-FeNi FE2MERRL L, IR T 2 Ll HAIFR I fet-FePd 8 sk
ThHEBZOLND, T7RbH, Sb M FeNi ¥ 7H 5 Pd 25| kT
2N ERNREINTT, FePd BLAFENERR L7z EHEER T 5, 2D X 91T,
BALPRI DA O AL KB FE )Y CoPt 38 1 OF FePt MK & H 72 2 Al REME SR
Wxhin, AR 2L —%2FHELZEZ A, Sb EDORKINIE
FeNi-Sb>Ni-Sh>Pd-Sh>Fe-Sh DJIE T )& LTV, Z D728 FeNi T
Sh 1Z Pd & EUGT 5D TiEZa <. FeNi & Kt LT (FeosNios)Sby % AL
HEBEZD,

o Pd X fet-FePd { fec-FeNi
0 Pd;Sb, V (FegyNig)Sb,

7,=1700C v Sb/Pd = 1.53
-G | 02
& 2 v 1.46
H 3
>
i v 1.26
2 p—h A X 0
= w

20 30 40 50
26 (deg.) Cu-Ka

Fig. 1 XRD patterns of PdSb-FeNi
thin films with different Sbh/Pd
ratios.

1000

500 [
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Magnetization (emu/cm?)
=)

-20 -10 0 10 20
Magnetic field (kOe)

Fig. 2 In-plane and out-of-plane
hysteresis loops of a PdSh-FeNi
thin film with an Sb/Pd ratio of
1.46.

Fig. 2 IZAIET% 700°C T 1 BEREIEVLEE L 7= Sb/Pd = 1.46 0 (PdSb)o(FeosNio.s)or K DAL i 2 o3, 1 i
B AN HIE U7 R 701%, K9 1.5 k0e Th 1 | BEEIN T & el L TR EVWMEZ /R T2 LD TEE ALK
Lo TS, T, Llo-FePd o (001 23 BB B 5 I EL ) L7 2 & AZHn 2 T, ik & 5 & OB aRAREL
DOZENFINTHE CI-BEE N T ~DF iRV IS BNRNTH D LB 2D,

BEXH

1) FPEFEEL, AlE—, thETE T, 2 39 I8l B ARG AU A FINE A EI4E (2015) 34.

2) K. Kakizaki, S. Takakuwa, K. Kamishima ; J. Jpn. Soc. Powder Powder Metallurgy, 64 (2017) 355.
3) L. Néel, J. Paulevé, R. Pauthenet, J. Laugier, and D. Dautreppe ; J. Appl. Phys. 35 (1964) 873.
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Hy 79 X< % 7= in-situ Bl 28 327512 K % Llo-FeNi g o (ERL

FREGREL T UK V2, K ERRI 220 BIRSEN 3, mididnh g 12
(P HAERAHF, 2 HAER CSRN, 3 Hi R4 T)

Fabrication of L1o-FeNi films by in-situ denitriding method using radio frequency H. plasma
M. Hayashida?!, K. Ito'2, M. Mizuguchi® 2, H. Yanagihara®, K. Takanashi®
({IMR, Tohoku Univ., 2CSRN, Tohoku Univ., 3Inst. of Appl. Phys., Univ. of Tsukuba)

XL ®HIT

— SR 5 P R L —(Ku) 3K & 2R SR REME R BN I3 T E L ITE SR i E RN E EN TV D HON
%<, TEBKEINOOTREEEETRVHLOMERSKE L S TWD, Fxid Ll-FeNi HAIA 4R
U CHREEROER L | HEES KO K, Om I A TE 72D, AT, FeNiN k32 I
ZEHIENT L D BRI HAE AL Llo-FeNi MIEO/ERL L & Ky OEBLZ B E L, 0 R= ¥ %2 —(MBE)IE
12 &0 ERLL 7= FeNiN 752 & B3 (RF)H, &2 AV 7= in-situ fii %8 38 ALFE 2470 Llo-FeNi s 2 /EHL L 7=,

ERGE

Fe, Ni 3 X OV RF-N, D RIFFHEAAIC & D MBE 1512 5 0 9, SrTiOs(STO)(001) 24K 12 FeNiN J#5(20 nm)d =
B XXy VR BT o 72, N it i & 1.0 scem, RF A7) % 250 W, 7835 L— h13.0.042 A/s (Fe) & 0.039 A/s (Ni),
REIBRE 2 350 °C & L7=, FiE%. MBE EE PN T RF-H, &2 V7= in-situ L HZ 0 21T - 7=, Ho Wi &% 1.0
sccm, RF A /1% 300 W & L. RF-H, Z 545 L7223 5 350 °C OEVILHL % fr & C 16 BE1T - 7=, BiZEFei%
1 M (0-20) 35 LK OV N (p-20x) X #R[E14T(XRD) TRE O IE RN 2 . IRENFEHILES /15 H(VSM) THé b il fir 2 il E
L Ky DFHili 217> 72,

T T T T T
1400 n

1200 ~ {a-] —
FEEBRAE R - . .

XRD /S 4 =2 b, MRS 25 & FeNiN-FeNiN— & ] " ]
FeNi OB CIE RS, 16 IO ERLH TIELEME 5wl ]
LA B HIT KRS AS FeNi & 725 T UV, 0-20 XRD Tl FeNi 200, = oo
¢-20y XRD TIX FeNi 200 3 LN 002 NER > 7= E— 27 N R B4, 200 = il
a LI L7 Llo-FeNi OFFsk & . IEE P Bl ¢ o 71 38 T S S T TR
WVWMZ 90° B2 AN T Vv ORI RIBINT- Denitriding duration time [hour]
{L1o-FeNi[001](100) || STO[100](001)3 & T} L1o-FeNi[010](100) | 30— I :
STO[100](001)}. B4 1 VSM CRFAlli L 7= ffiBib(M)Fs LUKy 251 (b) o
AT, MsBLOKIZZNENIERMEIE AR 252> § aop A
NTKRE /20, 16 T 114129 emu/em® 35 L 0M2.3501) 5 s - 1 ]
X 106 erglem® DB 3% 54172, FeoNipN 38 L OVFeNi O MgizZh = ol i
Z U 730 emu/em® FEFE 935 KOV 1280 emu/cmP REE D TH Y | L ol os @ i
FIL FeNipN TIlEFE S Z & 72 < FeNi £ TH#EA TS Z &3 XRD . L L

1] i B 12 16 20

DR & AR R STz,

Denitrding duration time [hour]

21 Ak ()Ms 5 £ U)Ky
P B 1 ARCED () (b)

1) K. Takanashi et al., J. Phys. D: Appl. Phys. 50, 483002 (2017). 2) S. Goto et al., Scientific Reports 7, 13216 (2017).
3) F. Takata et al., Jpn. J. Appl. Phys. 57, 058004 (2018). 4) X. G. Diao et al., J. Appl. Phys. 85, 4485 (1999).
5) J. Pauleve et al., J. Appl. Phys. 39, 989 (1968).
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BHRY—T 7 7 Z 2 "hRZ AW E S FeCo & &7 (EH
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Fabrication of high quality FeCo alloy thin films using the nitrogen surfactant effect
Yuki Takahashi', Toshio Miyamachiz, Takushi limori?, Takuma Hattori?, Kohei Yamamoto®, Takanori
Koitaya®, Toshihiko Yokoyama®, Fumio Komori?, Masato Kotsugi'
(Tokyo Univ. of Sci.!, ISSP, The University of Tokyo?, IMS?)

XL ®HIZ

L1o ! FeCo #HIE4:(L1o-FeCo)lTEB A E AL DT THid TEWEREMK R A2 AT 5 2 L )3 HiG
FIZTHIESNTEBO[], LT 7 =27 ) —O @R EM B L TIERZE D TS, Llg-FeCo
HEOERID =12, VAL —W—783% (PLD) #EEHWEHREFRZAREEN - E TIcHW LR T
&7z, LML, Llo-FeCo I3 P& 72 72 O [2], #6 FHICIBIT DR A7 — /L T O & BRI D
ELAVICEE IR U CHRAIEMEL . mEMBLIZZNE TICEBR IR TRV, &2 TH AT FeN HFR 7
DEFY—T7 77 %> NHIREFA L, Cu (001 I EME 7 FeCo Ga MM DIER 234 T 5,
Fe:N HLJF &8 O W R RS - 22 EME[3]48 & OY Fe/Co R 31T 5 A AL &2 2h A4l 5 =&
— 7772y MLV RA LV TR TY— e i %2 D FeCo A@EDOIERAHIfFTE 5, Zh
F TIT L1o-FeNi O/EflZ BHICERZ Yy —7 7 7 Z > bEhE % W72 FeNi JRFE O BN T, AF
EOFEN MR L TV DH[4], AR TIIXER Y —T7 7 7 22 "R EZ O ESE FeCo & 4k /R
OIS LT, Col JF+E (ML) ZF4E L7 FeaN/Cu (001) D5+ A 7 — /L TOREE & iS22
A U RVBEEE (STM), K= L ¥ —FE R EHT (LEED) 38 KOV X SRR A YEik/X #hss M
— Pt (XAS/XMCD) % HWTa~7=,

ERFE

FeoN HF T RITE R A AR /N— R A 2 MLUEEZ L7z Cu (001)J5AK EIZ Fe 2 ML % =IEAE%, ©
300 CCTT =— VIS 5 Z LI XD ERIL 7=, 2D, Col ML %) -100 ‘CTOIKIEAREIZ LV 4
J& L7=, Cu (001) E® Fe;N B 18 DOk EARR SR mAfE OFEMIX STM B XL LEED 12X - T
XAS/XMCD HIFERTIZHEZR L TV 5, [3,5]

ERAER

F 9. FeN HUFE 18 D XAS/XMCD HIlE & 1TV, SEATHFFERER, TR R PRSP B S 772 [S].
L22L, Co 1 ML f&E#. Fe M EMALDOFEXAYZREE R DSHERE S 7z, FRICIT 72 STM BIEC L 0 |
Co 1 ML % f&JE L 7= Fe;N R 1-Jg X, RV —7 7 7 ¥ > FRIRIC L 0 #2328k L, CoaN/Fe/Cu (001)
DR EIND Z B> T\Wb, Fe DHEERLIE Fe & Co DA A AEE (CoaN/Fe/Co/Fe) IZX»TX
DICHIRT D Z ERHLNTRo T, HFONTRREY, R —T7 7 7 &2 MHEN Fe/Co Himil
M EPEE A S S ASHE] LC FeCo &4 BN 0O /S A3 - L~ L CEHLITHERF S 41,
L1o-FeCo DS DHEMALA KBS NTND EEZ HILD,

e 2B G
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High coercivity in CoPt thin films on Si/SiO, substrates by thermal annealing
R. Toyama', S. Kawachi'?, S. Iimura', J. Yamaura'?, Y. Murakami'?, H. Hosono', Y. Majima'
(‘Tokyo Institute of Technology, *KEK)
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CoPt &4ld, EMLBRIC L o T A1 AHAEN S LI RAFRICHEEERT 5 & mu—iilifi B
HGESCE VMRS I 2R 2 &R TEY . IIHRIRBEMEM B L THEBEZED TN D (1],
FHRIZBWTH T /SIS 2L OBMELL A BT 5 Z LM A[RETH DD, T/ Ar—d
R b RNAEEFEF R E~DOISHANBRE STV D, CoPt HAIAEE DRI D= HIZ1E, MgO X°
ALO; & W o - HFE RN SN D Z ENZ W, L LN, SRR T A 2 % BiE
2B, BIELER CTH LYY arTy Jay—LtOBRENS, CoPt HAIE 4% Si Kotk Iz /ER
THZENRLE LV, £ 2 TANIETIX, Si B I CoPt HEAERI L, 7 =— LALBR 21T\,
E OB EFFE DTN 21T > 7= O TWET 5,

EEBRAE

EARARBIC LD BERLIRAT & Si B B2, Co & Pt &2 A Al & H7- Co/Pt @54 1ERL L
7o F D%, BEENE CoPt B b A RET AT DI T LT =— Va2 To T, &i%IZ, AEINEEERE
(RTA) ZHWT, @WHFIRE L — F T, 900 °C TREIOBVLEE 21T\, L1p-CoPt FHHIG &~ D& A
Rea ik a7z, TR L7230 oREE A 1L, SQUID VSM Z VT, iR T, -70 kOe 725 70 kOe
OHEPHTHIE LT,

800

600 — as depo. ]
ERfER _ 4pol. —— %00 ]

7 = — VALERR % ORI O TR S Fig 1 E a0 | oo ]

\ZRT, as depo.DEREHI BV TIE, AIE L 7= Co 1T % ol _
BT D RLAEN B B, . BLEE > § ool |
TRUB IR BRIBEIE 600 emu/em® FREZE THIN S 40l ]
L. BLZ26k0e &V EWRE I EZ R LTz, & 600l ]
N DOFEREMN S, RTA Z AW BB L > T, 800l
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Fig. 1. In-plane M-H curves for the CoPt thin films
on Si/SiO, substrates.

ARFFEDO—#1E, SCHRRFEE o 7 v o= 7 b <BFRILSTERA > || SR R PERFZE
P FMA ORI L Vi1,
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[1] D. Weller and A. Moser, IEEE Trans. Magn., 35, 4423, 1999.
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Film thickness dependence of static magnetic properties on ThFe ferrimagnetic alloy thin film and its
suppression
Tsutomu Hasegawa *, Hiroki Yoshikawa 2 Arata Tsukamoto 2
(* Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.)

[XEHDIS AHWFSNOMPMA LY hr =2 AT, 2T, ERICHI L, Rl 0% 50K & 2
LD LB BEZDLND. Lo T, DD HRRREIEM B O BEARAAESCC DM A EE L 2205, Fxld
IR HOR ORI RS FOHATICHE & L7 B A 1 -3 B &R 572 %, GdFeCo 7 = U BiMES /i\%;ﬂj%
jLZo R SR OO ST T2 TR EJEARAFME T 7 L DRSS &, Gd B oD Bl |2 I 2 AR AFME o ikl 2 o5 L C
. AT, GdreCo &4 il & W‘%Cﬁ%%ﬁi"ﬁ 3d BB R T = UMMATHY, mikETtEE

m#;@fﬁ FLERIEA L L CTHI B D Thre G IEIZ 1T 5, SRR DIRIE K AFMESC 5L D Th R R
BRICOE, FEBR, Migt&21T9 2 L T, i&%éifbf%é GdFeCo D BEARAFE & [FIERIZ Z O Zh A OFHAM,
R AR NE A BUR A2 A LA E L ~ D F G2 S S BT 5. ST —e— oK —e—-u
150
EEBAZ WEREHOE, v/ xbrr ARy 2L 5, S —
D VERL L 7= 30BHEE A ¢ SiN (60 nm) / ThyyFesg (t nm) / SiN (5 nm) / Si .:“é o L [ i |
sub. J% O, Th B4 Beb S 7= 30EHEEB < SIN (B0 nm) / To (1 55 [Sample group A
nm) / Thy,Fess (t nm) / Th (1 nm) / SiN (5 nm) / Si sub. % Fv 7= (5 E%SOO o) 300K 250K
J t=5, 10, 20, 30 nm). &FUEHEE A, BICKI 5 BEE(G0~300 &= 190 i o
K) (C351) B BEE TR J [H ~DSMRES (-70 ~ 70 kOe) {KkiFtiz  § o :
nﬂﬂﬁ L7z, Zhicis, BiaEsE a7 GUHEEV IR 15T % 150 !
FIVN, BIFIRAL M, (3870 He 27 L7, £72, 95 50RHE 50 K OSample growpB ... |
IZFUT 70 kOe THER, 300 K & THIE LoD, HEBIUL M, Fig.1 Thlcknzhslgkaeéls)g; T&);el é}[,ng M
DRFERIFEZBE L, SR BUR A RAE R R EE (S O T in sample group A, B
DRALT B LA 5 IR Teamp % RS 572 —
-z
RBBE  Fig. 1ICEREO BB S DR M, Ot E880 ™
KA R, RBEREIC BTt OMAICE b7 9, B2 Ew -
M. DIEHI~ DR BATHER CTE 5. & HICHEREB Tlit=10 288 e
~ 30 nm OFEAPH CREEMRAFEDRIH SN TWDH Z N L Db, K Thickness of ToFe t [nm]
AUBHEE A TR U7z Mg O 2B AM; = M; (30 nm) - M, (10 nm) (3 Fig.2 Thickness dependency of Ziomp
B B O & 45 2 & T 300 K 128V T{AM; (B) - AM (A)}/ in sample group A, B

AM;(A) = -67.9 %, 50 K |23V T-108.1 % & O/ 23RS S 4172, RIC, Fig. 2 IS EVEHEIZ 31T 2 Wi bfifE
WEE Toomp DIEEAKAFIEZ TRT . Teomp DIEE DA & & HIIKF L TR Y, FRRFAM LA ER 4B S
CBATL TS Z EAVREN, AR MZAL L bxtsd 2. BUEHEE B IR\ TIREIRAFIED I S, ek
EHEED t = 10 ~ 30 nm DHEEIAIZIS T 2 Teomp D ZALEE ATeomp = Teomp (30 NM) - Teomp (10 NM) & L $ 2 &, 3K
HEB DI L 972 Z & C {ATeomp (B) - AToomp (A)} / ATeomp (A) = -82.7 % b DI A3 ffERE Sz, —J7, t=5nm
([ZBWTHIFIZNRNBRKIL TN D Z L ITHERR ST, WTILORERECHE LW MZEEEE L, 52, Teomp
MR SR> 72 Z L 2 6, 10 nm R O IR TSI OEIROZIR D FE L THD b0 EBZ HND.

BHEE  ABFTE D — IR 26~30 4 SCERL A BHAF TR B A B A BT A AR I ZE (R e AR 22 ) ) A
v SR} 2 (Grant No. 26103004) D BhAZ L W 4T~ 7.

SE X 1) Yasuhiro. Futakawa et al., Technical Meeting on "Magnetics", IEE Japan, MAG-17-150 (2017).
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Perpendicular magnetic anisotropy in Fe3O4(111)/SrTiO3(111) sputtered epitaxial thin films
Masato Watanabe
(Research Institute for Electromagnetic Materials)
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v TR A MIEFT =Y —SEBS0K)EH L, IR AN—T X ZVENED DUVIIRE IR B R— 2 3
(P~10pQem)7¢ & BRIV 7M1k % 33778, S5 58 O 72 o IS = 0 L 38— L oo R — Bl A 7 1
Bonin. b LESGEARL ETRFEAZ I LRER LRSS DX, mER(EE MRAM 78 & &FET N
A ZGHA~ORER LI TE 5. ARHMETIE, MOEEREGMEZRTAIDAELN Fes0s T8 X F ¥ v VNG
SNT=DOTZ OFRERIZOWTHETS.

EERAE
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B (TIDEEA) L7 FesO4 IEVER L, Fes0sBINDOMBARIS 5l
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XFUXNMETHDZ L afEd L. =
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BID. BLd LORBA DR b R E < Aot 87 nm B3tk 0 — — HilIn-Plane
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. N . . S - o Fig. 1 Magnetic hysteresis curves for 87nm thick
B =77, KD HERL 72 (100)BL MBI OBAL T — 77 Fex0u(111) / SITiOx(111) thin film,
Hl, RERBERGEOFHEIIMB S 2T,
ZOFELD CEMS A7 b V% A, B YA hOSMRRSY & L
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NIRRT — A 2 ORI, B S 30° LAN T00)EL 1) B ot

DO L LREIZES, Bl —71Cxbh LI & 72 3

o7, R =30 F —21iM? = 1.5 x 106 erg/em® LA |- 0> 2 B 52 Eo's I

FHEOFENTREIND. WP ROZELZEL, A, B £
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Fig. 2 CEMS spectra for 87nm thick
Fe304(111) / SrTiO3(111) thin film.
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Investigation of magnetization dynamics in MgO / Fe / Au system
N.Kamiya, D.Oshima, T.Kato, S.Iwata
(Nagoya University)
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W7 v Z L7 77AAE Y (MRAM)IIAHEAEME, mdEENE, MEAROE X X it RIEEE ) &V o - FF
MEFRFOWHEARDAEY L LTHEA SN TWDN, @EEMDOTOITIE, AEVEOWLL AT I 7 2ADH
RBRDBND, A CHUEHBIEHORE 2ER L RIEDORIZ 3d BRSBOBEREA AR TIE, 7
Va A UHUEHAEAOEGIC LD | MEBKEGTEPMA)NRKEL 85 2 ERHESNLTHHI, K
FZETIL, MgO / Fe / Au R&E 3 TR X X —{EIC Lo TR L, ZD PMA BLOWMLE A F I 7 X%
PRI THET D,
ERGE

HEBEHI =X %2 — (MBE) EIC XV IER L, BEERIE. MgO (5 nm) / Fe (tre) / Au (20 nm) / Cr
(5 nm) / MgO (001)ZE4%, Au (2 nm) / Fe (tge) / Au (20 nm) / Cr (5 nm) / MgO (001)#E4K & L7z, Fe JE/EIZ ::~0.3
~1.2nm TZ{L ¥ 72, MBEIZ X 25ilEt, St HEHO T E LT SIN & Ay ZRBE L7, 3B
LRI I AR BRI AR 15 (AGM) IC KV IIE LTz, Flomfb & A F 7 2%, 0 E S 1040 nm,
2L A 500 fsec, 40 I U 100 kHz O 7 7 A /3 L—H — % F W 2 IR A3 fR s Ok 5 Kerr Zh 5
(TRMOKE)FHHIZ & v Fi~7=, 723, TRMOKE HIlE CTiX Pump Yt & LT 1040 nm, Probe Yt & LT &k
B D 520 nm D& Wz, BERFIC I RIERR T M0 5 40~60 FEGHIT 72 I AN BE . Hew % 4 ~ 14 kOe
OHEPHCTHIM L 7=,
ELIEES

TRMOKE JEIZ X 0 JIE L 7o Wb Ok 2B B 2 S IREBEM e sin ot ICEV 74 v T 4 7L, 0 &t D
INEBRESARATAE D & BRI Hierr, g TR X B 7R o, BT AHer 23R D72, Fig. 11X Hers D
e FEAR /R LTV D, 7238, Fig. 1 121%, AGM IZ XV HFE Y 572 Hier 718 L7, TRMOKE 35 X OV AGM |2
£ % Hierld Au/Fe (0.6 nm) /Au ZREBEBLE—H L TWD, Henl tre DT L DAL, MgO/Fe (0.4
nm)/Au TIZEEBACKE 720 —7F . Au/Fe (0.4nm)/Au TIXHENBILIK CH - 72, Fig. 2 IZX T E
BoodD tre AFEE TR L TN D, tr JEBIEDS 0.8 nm LA T CTld Fe BEOHANZE Y a Z3MLTEY , AufgNT
DA FEMOEEBE ML TS EEZLND, —FH, oldMgO/Fe/Au2D M Au/Fe/Aur LD bk
TN ENER SN, AV VR E U ZICL D A B U MO JEIZIFFn 2 v 6, MgO/Fe/Au %

TEHAEURBRICHIO#IE LS EX D LERHH Z LA REBLTND,
2E Bk
[1] S. E. Barnes et al., Sci. Rep. 4, 4105 (2014).

of = —®MgO/Fe/Au (TRMOKE) 0015 ~=-MgO/Fe/Au
< ‘\ —@— Au/Fe/Au (TRMOKE) —o Au/Fe/Au
! —&—MgO/Fe/Au (AGM) 5
T 4t Au/Fe/Au (AGM) oot
T 2
S 6t 3
& an 0.011
> gl £
g £
B 10l a
é’ 0.009
_12 L
-14 : : : ‘ : 0.007 ‘ : * * :
02 04 06 08 1 12 14 02 04 06 08 1 12 14
Fe thickness tre (nm) of Fe thickness tre (nm) e of
effectlve anisotropy field Hketr of MgO damping constant a of MgO / Fe / Au
/ Fe /| Au and Au / Fe / Au trilayers. and Au / Fe / Au trilavers.

— 286 —



27pD - 8 H43 | AARESR AR ANREAEEE (2019)

B A B o imER CoaTiGe/MnsGeo.sGaos iR — J& D VB & S

RIS ST S 0 N L G % )
(R T3KRE)

Preparation and characterization of high spin polarizability Co,TiGe/Mn3GeosGao4 antiferromagnetic bilayer
M. linuma, Y. Takamura, S.Nakagawa
(Tokyo Institute of Technology)
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VESL U 7= 380B O BE e VR 1 3B A8 B 1~ T35 3H(SQUID),  fi il 1 X AR EIPTE(XRD) Tl 21T - 7-.
EERER
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U B2 & T ORESME AR T X 2. HIEIRE 10K TO M-H JIERE R % Fig2 IR T. T=600CRAEHIB T
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Fig.1 XRD peak of CTG single layer

L Z DN

1) S.Tirpanci. et al., J. Appl. Phys. 113 043912 (2013).
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Fig.2 M-H of CTG

at measurement temperature 10K
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Buffer layers dependence of magnetic properties for Cu2zSbh-type MnGaGe films

Mingling Sun ! 2, Takahide Kubota >3, Keita Ito 3, Shigeki Takahashi 4, Yoshiaki Sonobe * and Koki Takanashi '3
(Institute for Materials Research, Tohoku University !, Graduate School of Engineering, Tohoku University 2,

Center for Spintronics Research Network, Tohoku University 3, Samsung R&D Institute Japan *)

Introduction

Memory industry is an indispensable part of the information society. In order to meet the upcoming 5G era, next
generation memories must possess higher speed to be used as cache memory and greater capacity to be used as main
memory. Magnetoresisitive random access memory (MRAM), a candidate of next generation memories, has attracted
significant attention for its non-volatile attribute and high working speed. Nowadays, the latest semiconductor
technology node is approaching to 7 nm. From the viewpoint of thermal stability, the magnetic anisotropy energy (Ku)
of the materials which are used to deposit the electrodes of magnetic tunnel junctions must be high enough to make
appropriate use of the latest nano-fabrication process. Therefore, the research and development of magnetic materials
with high K, are very crucial. Our group has been working on Cu,Sb-type MnGaGe films. In our previous study, the
saturation magnetization of 260 emu/cm® and K, of 8.1 x 10° erg/cm?® were found in our MnGaGe films deposited on
MgO (100) substrates [1]. However, the poor squareness of magnetization curves and the relatively large orientation
dispersions of MnGaGe layers were observed, showing that the orientation dispersion of MnGaGe layers are relatively
large. In this presentation, we will report the optimizing experiments of MnGaGe films by using several buffer layers.

Experimental

All metallic layers were deposited by using an ultrahigh-vacuum magnetron sputtering system with a base pressure
less than 4 x 107 Pa, and a MgO layer was deposited by using an electron beam evaporation system. The stacking
structure of this work was MgO (100) substrate/buffer layer(s)) MnGaGe (1)/MgO (2 nm)/Ta (5 nm). The layer
thickness, ¢, was varied from 5 nm to 100 nm. MnGaGe layers were deposited by co-sputtering technique using a MnGa
target and a Ge target. Different types of buffer layers such as Cr (60 nm), Cr (60 nm)/Pt (5 nm), Cr (20 nm)/Ru (40 nm)
and Cr (60 nm)/MgO (2 nm) were used. After the deposition process, the samples were annealed in a stand-alone
vacuum furnace. X-ray diffraction (XRD) measurements were carried out using the Bruker D8 Discover system, and
magnetization curves were measured by a vibrating sample magnetometer at room temperature.

Results and discussions

From the XRD measurement results, we know that undesired 110 and 220 peaks appeared for all the annealed
samples using single metal buffer layers. In contrast, samples using Cr/MgO hybrid buffer layer exhibited (001)
orientation clearly. Neither 110 nor 220 peak appeared in the Cr/MgO samples after the annealing process. In addition,
the squareness of magnetization curves and FWHM of the 001 diffraction were improved for the Cr/MgO samples.

This work was partially supported by the Murata Science Foundation and Cooperative Research Project of
CRDAM-IMR, Tohoku Univ. MS and TK thank Issei Narita for technical supports.
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CoGa FH#iE 2 Fiv 7= MnAl(00 1)EL A IE D FE Ak

R R, NI,
(At ERT)

= I

Fabrication of (001)-textured MnAl film on CoGa buffer layer
D. Oshima, T. Kato, S. Iwata

(Nagoya Univ.)

FLC&HIC

(O0DEZ[A F Lle-MnAl [ WIREMBKESEEZBE L, X7/ ENWT b, BRI VLT 7'
A A ) BRGSO E e L THZEMRE TV D, (00D)ELH O MnAl O FHIE & L CTiE Cr < Cr R4
EBRHNSEN TSR Y, —fRIIC MnAl BEO EIE 23 < 72 5 & BERERIEN BT 208 H 5. — 5T, [
BEDRE M & 55 L1-MnGa T, CoGa FHUE % JAVN 2 D3 EEI &\ 5 MER B 5 2. ARF%E T, CoGa
THIE & T MnAl EER TR L, ZOFEZFEE L7 TG T 5.

RBRAE

BRI~ 7 ha 28y ZIEIC XD HER L, £ O
i, Cr(2nm)/MnAl (5 or 15 nm)/ CoGa (0 or 30 nm) / Cr
(20 nm) / MgO(001) sub. & L7z. Cr 3L CoGa FHUfEITZ
NENEBCREE 400 °C THEREL, ANA M7 =—/1% 600 °C
T30 min 17> 7. MnAlIZEERE O SEBIRE 2 T, KA b
To=—VIREE T, & LT L.

EERER
Fig. 112 CoGa28 0 6 L<iZL30nm D& XD 5nm ED

MnAl BEDO WAL EiRR, -8 B, X RIET 7 m 7
7 A NVEIRT . 728, MnAl FERE O FARR LI T, = 200 °C
LT, RABMT =—)UITITH> T 720, CoGa lEAHHA L
RN Cr ANy 77 EEOL DI, CoGalEAFALZG
O TIE MnAl EOfIFIBHEA K& <, AR S BAF7ekE R
DELNTz. £, Cr ETIEERBRICAE —MERA LN
%708, CoGa ETIXENNYGE S, B —Te K BIRABLE
ENTWD. XBEFTZTa 77 A LT, EHLDOEICE
W T H MnAL @D 001,002 E— 27 MBI SN TWD Z &b,
(001)ALA L 72 MnAl EA TR S LT D Z &R 08,
BT E— 7 31X CoGa LOHLDODIEHI M KE V. ZiZ

CoGa ETIEMnAIEDFESEMENR ET 52 L2 RLTWA.

51T, T,=200°C, T,=500°C &5 &, BRAEDM L
NROLND Z L aMER L TS, CoGa JEfi AIZ L 5 & FfF
PEO ) 1L 15 nm JE D MnAl T & 8 X4, CoGa B A
X MnAl JBORREIZHEITH L Z ERbhoTz.

2% ik

1) M. Hosoda et. al, J. Appl. Phys., vol. 111, 07A324 (2012).

2) K.Z.Suzukiet. al., Jpn. I. Appl. Phys., vol. 55, 010305 (2016).
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Ga AL D F 72 2 FeiooxGax BT 31T 5 R& URFIE D IR AR A7

A Rz, =R ZFE, =g S GRAERS)
Thickness Dependence of Magnetic Properties for FeiooxGax Films with Various Ga Compositions (X)
Yasuyuki Kawabe, Takamichi Miyazaki, Yasushi Endo (Tohoku Univ.)

[FLOHIZ FABKOTHE2HT D Fe-Ga L, @il « /i« =R VX —@ERALEE T A 2A~DJ5H
WA T Y, ECE AR L OVEKEHEICET 2B Thh g, x D7V —T7H 5T, ZThETO
2T, Ga ik 20 at.%iTf% D Fe-Ga JRIZH 1T 2 AU EDBREIC K 581k 290, HiE ORI T o & &3
WAEPED Ga MR K DL N OV TR SN TE 72, ARFETIE, Ga kD75 Fe-Ga BIZEIT 5
P X OV RIS A E O IR IS X DB bic oW TR LT,

EEAE 5~ 100 nm JED FeyoGay (Fe-Ga) I H T AR LT DC~ R b2y Z Y s %ﬁﬁu\
THEPE L=, B, BFEOMLZE =9I 5 nm ED Cr Jg 2l micfEE Uiz, ERLZEOMAR (x =
18.5, 24.9, 33.4) [ZBIL Ci%, EDX ZH Wil L7=, {ER L7ZEoMEEICE LTk, TEM, XRD ZHW
07, BERAFMEICBI LTI, VSM, ETC AR AW il R B S (R Bl ER) | Ve
— KXY K FMR (B-FMR) #I7E L% FH W TR L 7=,

BREBEUER  Feo.Gallilc i 255 mEiE L. Gafilas L OWEIC L &3 bee 2R TH 7= (K 1),

ORI BEEERT D FewnGax IEDEIFIER O T B () LHEHWARY & VB () ZFHH LT,

ZTNHOFRERZK 2 1R T, AICELTIE, WTFho GaflaicB W T HIEEOME & HITHEML, t=30
MIZTHKREZ &0, S OIZEESEMT 5 EEonIciid Lz, s OfEix, Fe-Ga V7 &4 9% Fe-Ga %
FEemlE O & e U TIR< Ze o 72, ZORRKIE, BEORER AR EID [111] FREmnTngd Z & & EORE
BRI /N & < UG SR HE 3:7320“(1/‘%) LizkdrboltELLND, —H, au@iggb“(li\ W o Gafid
RICEBWTHBEEORNE & HIIFIE T LD, t=50nmICTHREZ L, SSHIEERINT S &
L7z, £72, WTND DS, fEEE;i OTAHREET D lesFezzﬂ?:@ﬁ*é'Eé:ttf\é EBLFLA-THEIEFZEEEL
7oty ZORKIL, 277 7 UBELRCE G E W o EREA AR I LD b0 EE X LD,

(211) (211) (211)

(200) (200) (200)

(110) (110) (110)
x=18.5 x=24.9 x=33.4

Fig. 1. Selected-area diffraction (SAD) patterns of 10-nm-thick FeiooxGax films (x = 18.5, 24.9, and 33.4).
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Fig. 2. Thickness dependence of the saturation magnetostriction (4s) and the in-plane effective damping constant (a)
for FeiooxGax films (x = 18.5, 24.9, and 33.4).

B AWHEO—ERIE, ALK PRI A E Y b r =7 et 2 — WALRFEAE S b= REREEE A
oy — HIARFEEERT LY b= AEHRE T Z— BIOERA F L— UBeHEERRE (ASRC) O3E
Db L TITONL, £lo. AWRO—HIZ, BT ERNITE (B) (No.17H03226) D3{ED b & TIT b/,
SEXHE 1) B. K. Kuanr et al., J. Appl. Phys., 115, 17C112 (2014)., 2) A. Javed et al., J. Appl. Phys., 107, 09A944 (2010)., 3) Y.
Endo et al., IEEE Trans. Magn., 53, 11, 2502305 (2017)., 4) Y. Kawabe et al., T. Magn. Soc. Jpn., 3, 34 (2019)., 5) A. E. Clark et al.,
IEEE Trans. Magn., 36, 3238 (2000)., 6) N. A. Morley et al., J. Appl. Phys., 105, 07A912 (2009).
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Co-Fe-B wifiIZ B 1T S 118 & W RRFE DRI IC X 521t

HH 1aE, =i FE, =g S GRS
Change in Structural Characteristics and Magnetic Properties for Co-Fe-B Thin Films with Thickness
H. Tanaka, T. Miyazaki, Y. Endo (Tohoku University)

[FLHIC

Co-Fe-B #[EEIE, MRAM RA LY ML 7 A A — Np EDAE Y hu =7 2T /34 ZITB T DR K+
IVEEG T OMRBEIEBERE IO DN 2T NRMEO 1 S5 Th Y, ZOBMBKFMEICE L TR AT

fThnTnbd Y. LnL7en s, Co-Fe-B N7 G&E0faffEROT & (A) 7320 ppm & @EWIZH 01N H 5
T, TN FETOMFETIT LB LA EBREEENE & OBBRIC OV TRE STV e, KIFFETIE, A &
KD BB RTA—ZD 1O THIHIX L E U 7ER (o) L OBRAIIET 72010, BED RS

% Co-Fe-B HiE DO & BERFMEIZ DWW CEEMIC R L 7=,

EBIE — T

HEBHERIE RF 2%y 2 ) o V4@ % V72, fERLL 723 _ C —100mm
OB RRICBI LT, H T 2R LIS % 3~ 100 nm & el B T AT
AZES W7 Co-Fe-B (CogFewBa) Wl TH 5. 72ds, MR - Mo toypes = 45 1M
IZOVWTIE, EDX B L UMaRBALEZ b &I LTHE L7-. 2 it A s

RSB L 72 W00 #66  HE T 5 & ONR TR FEAIZ 1%, XRD, £ — t, g =150M
TEM B X OVAFM % W72, E 72, BERRFEREM 21X, VSM, T -
T IEE AW mEEEEEENEEERS LU0 7 n— A e 4'0 : 5'0 E—

v RREPELLIE (B-FMR) IE LS 2 v 7=,
EBRERBLUER

XRD & —rvhbbns ko (K1), BEEIZLSTE
e—7 3B SN2 oz, 2D DOFEENS, Co-Fe-B
RO S, FEICKAET, Wb T7ELT 7 X

THLZ Ehbhotc, —7, &KmHE RMS) &, BFIZ - 80117710015
EoPRE—EL AR, ZTNOOMEBLZE 1mm Tho7=. g o Ag ] 3
ORI, BRES KR TS 2 Lk LT0s. 8 OBy o L @] 5
0K kRS LOREKE AT S Co-FeB B € [ @ 15
DRSAHEETE L. COREER 2 (Rt Az, pw Y@ 1 9
10 nm fHEETHML, SOICBEZRMSES LIEEE Sz, & T Booos s
Lot £, WThOBEICENTS A0fiiE40 ~70 58 | a 1 8
pPM TH Y, SV fE (20ppm) ICHARTELS 2otz 2o 6 ol 11 11y 1]
B OISAFRICL 2 b0 EBEZLND. —F, a Y mThickness e [l

WEEE O E & 12 0.011 725 0.005 ~ & ST L, 5
E 10 mL ETIZIE—E Lo, L 0biF, 10nmLLFD
WEIEIZIT D a OHRIT, MEHER O a2z T, RIS
e EOBA AR —HIC LD b0 EEZILND.

ARWFFEEATIICHIZD,

Diffraction Angle, 260 [deg]

Fig. 1. X-ray diffraction patterns for
Coz7FessB2o thin films with
various thicknesses.

Fig. 2. Change in the saturation magnetostriction (/s)
and damping constant (a) of Cos7Fes3B2o

thin films with thickness.

AUBHMERES LOMED —ERICBI L T, MALRFAEXGEFEHIZEN A1 fiils %,

B AE—BR HERER, WALRZFEL e BENIERT bk & Bdx, WA B HEEdx, 49 (W0 BiE O ZWH 215

- -
— —

L.

CERB L ET. AZEO—#IE, FAERFAE Y bu =7 Z2iidEf e#8E v o 2 —, i1t

RFFIA Y hr =7 2 FFERFE & —, FILRZEBERET L7 ho =2 A5t v ¥ —D33E
R AT, £, AFFEO—EIL, B (No. 17H03226) DB D & & TiThh .

&% Xk

1) D. D. Djayaprawira et al, Appl. Phys. Lett., 86, 092502 (2005).
2) R. C. O’Handley, Modern Magnetic Materials Principles and Applications, John Wiley & Sons, Inc., NY, USA,

(1999).
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RF w7 R b a v ARy ZIKRIZ X %e-Fe03(001))& D
TEXFT Y ILRE

ek HEN
()RR BT FERT)

Epitaxial growth of e-Fe>03(001) layer by RF magnetron sputtering
Masato Watanabe
(Research Institute for Electromagnetic Materials)

FCHIC

a, B, 7, & C&EB5DOHD FerOs DETEARD—DTH Hetlld, RGMTHY afihls IO b #imic7 =74
& U TSR R TE (Ka=7.7x 10 erg/em®, Ky =12 x 10% erg/em?®) ZF>—J7, 7 = U BMEARD
7= ORFBHALIT 1.26 kG E/NEL, ZORDEIGIEEH & SO CTd 5 B ERFIIIEF I RE L 72
% (154 kOe). ZDFER, HRETI(20 kOe) & =L JE 1 #0(182 GH) 3 G b T\ D . $£7z, | T AT 7
cufEEAETLZEBMONT WD T®, I U EEMEWIE, MRGLaERB XN~ L F 7 a2 F)
M LT AL R E~DISHERP SN TS, LL, efIZEREHROZOEMRARETH Y, Fk
ZDEWITIEDIEE LV ENT ) RADILFEAKRD HDVIEPLDIC L 5T E X F 2 v LAED “ IR 5T
. Al AR E L CTEMGH EEE LD RF~ 7 % ha A8y ZIEIZ XD =84 F 2 v Le-Fe,0;
JBOEEZRR DT, TORBRIZOVTHRETS.

RERAE

800°CIZ/NZEL L 7= SrTiOs(111)3 L Y YSZ(100) Ak L1, o-Fe,03 BEfE # — 47~ b & VY, ArtOiRAH A il
ANLUTBOSHE RF = 7% ba v A8y ZIRIZ X0 A 1T - 72, #iEILE 5 fifEE XRD, HAADF-STEM 35 &
ORISR T#R AT T, BERFEEIL VSM CREfli 217 - 7.

EERER

ARy BITAER LY ArtO, ARy Z I A DR 2 22k
SH T A R R U2 R, A8y ZIERAZITV Y 1 mTorr &
IRAT A L TN25 %lh L@l T A6 T o $lfd A L 7-efH 23
T 5 Z &2 XRD 2 BRERS ST, IR AETIZ ARy Z KL
FOHFEH = XL X —NEL RDHTD, BV A Ny X R R
VR —, EERRIRE R, SRR e A RIS LB L B %
Hbivs. Fig. 1| OWrifi TEM #1433 L OMME R~ b,
SITIOs(11 1) M _EITHRE 5 nm FLE Debl— B 33 v L@/
L, 5 nm LLEDOREECIXafl & 725 2 LR SNz, —F
PLD (Z K Defl= ' # F 2 v /LR ClE, 100 nm F2 5 O JEEF0E
DB A, HNIZ 3 ERFRO L& RO nm B4 XD ¢ filfd )
T RAAL USRS A RO Z LS TR Y,

LED Ay ZIRIT L DB TR RSB ELN TV, & T —— 1nm
ATV AT —TVE, BRI Y 7 Mgk & ov— R7RFMNRIE L Fig.1 Cross sectional HAADF-STEM image
TR a R LTz, for a/e-Fe203 / SITiO3(111) film. 2

BE R

1) M. Gich et al., Appl. Phys. Lett., 96 (2010) 112508.
2) M. Watanabe, Determinations Nanomed Nanotechnol. 1 (2019) DNN.000502, arXiv:1903.01022.
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FIGHESNV A DC ANy Z Y v TRRIBIZRIT 2 2 —F v FHBRRIREH
BiFeOs REEDOER, « HEFME~RITTRE
oA KM, HA O
(FKHR52)
Influence of oxygen concentration of sputtering target on the magnetic and dielectric properties of BiFeO3; based
thin films in reactive pulsed DC sputtering method

°D. Yamamoto, and S. Yoshimura
(Akita Univ.)

L ZUHIC R CRIRBENE - SFFEIEZ AT 5 BiFeOs © B 2 [
Fe'' %, MWUIRMERZ AT 5k CEBRET D2 LT, MBENEHT o |
52 ENBRICHE ST TS, Feald, RS/ LA DC A8y & s | perpendicular

U > 7% O CYERL L 72 (Bi,La)(Fe,Co)Os MR IC S\ C, BIEBRE) T 2 f ~a

RERT A AU NCAT 72, Folehi  ERIBEE M, (70 emuem?®) 3 0 | in-plane
MOEEMRETMEZETWA D, — T, BiFeO; O ER ML §-40 H

B OBRFRELOGHERICKESEDLL Z LRI TED 2, 0 |

TR LT, RS EEEARZETHS. AETIE, Bl OFE P

-100

BEHIZT S /A RRTEETHDH Gd 2RI, BESGHEOR |,
% & —4y k& W TERLL 72 (Bi,Gd)(Fe,Co)O3(BGFCO) B D ik, so Hb)
BLOFERMEZHE - T 52 LT, ¥—47 v N#EMEEGDK O
BESAEDS, * ORERP L OFHBHEICRIET HEL R L. o
2. ERFE (Bio.45Gdo.s5)(Fe,Co)Os %Hiﬁ;(zoo nm)‘i’, A AV
DC ANy Z U 7k VT, B blEfr & Si it B2 Ta(s |
nm)/Pt(100 nm) D FHUE 2 pils L 7= %%, FifElie UL, BiE o |
f51%, Ta Z=&{E, Pt % 300°C, BGFCO % 695°CDIEMRE TRl L 0 ¢
fo. ARy YT B =4y M, Gd-Fe-O MK, FeiR, Coy ™ 0 1 10 = o
KEBEAE ST TERL-EEEY —7 > MIBiv— hERELZLD H (kOe)
BT BT LTS =5y bORURIE FesCosGhiOq (GdFeOs B i ) ces o 03 o
H : G103) & Fei3CosGds012 (GdsFesOn MR A 1 G104) D2 FiA A (b)G104.

Wiz, RUSHESVA DC ARy 2 ) ZIRIZB T 5V ARIMEE LT, 3
JE ¥ % 100 kHz, /1 150 W, ON:OFF fbiZ 32 o —EEE Lz, 2 f
BEUE I, IEEEVEPRRS R (VSM) (2 & v, FFEMEIE, BGFCO 1 F
PO RERIZ Pt Ky MIREM (9100 um) & B L 7=, 5855 :
BREEREE S 2T A2k, FRFER T

3. #ER Figl 12, MEGHRORLD “HSOX =7y FENT 2|
YERLL 72 BGFCO VRO IR E N L OERE 5[ 0D M-H #if % /~r3. M, 3k
TEL L OMBERETE 80 emu/em’ FRE O LI EVMERE S, P B
RS HOBIL T Glo4 5 —%y b fni ks nfznsL 2 O
7c. Fig2 12, [RMEEEIOFERELRT. G103 ¥ —7 v M & H 1E
WCYERL U 72 IR TR e B AT U U ARHER CTE eh oz
TG, WHEEEEALTWD EEDRSM, G104 ZAWVWEEES :
O FEFEE CIT R A FERN RS IR e A7 U U A% 95 P-E 2 f
HRAHEONTWD Z &0 h, RFRMFEMENGONIZLEE X 3 . . .
. HZ =7y MKV BFEEREOEVAECZERE LT, 1000 -500 0 500 1000
G104 5 — 4 v b & iV Tz, BHBAOIC IR & 06 L7 DS ik s

) . o ig2 P-E curves of BGFCO films
BECIE, MBERMEL LS ELIMBLEALDOREDMZ GNTZTT2D  fbricated by the target of (A)G103 and
ThireBE2BND. £ LT, ZOMBELOEIN, SMBHESICxT  (B)G1O04.

LHEEBEN ZMHI T Ay = 7Y A FOREE LT26 L, RESID/ NS RolzBZEX BN,

SEER 1) HF F 42 [0 H ABR S FREEELE, 13aA-5.2) X. Qi etal., Appl. Phys. Lett., 86, 062903 (2005)

perpendicular

in-plane
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BtV A2 DC ANy 2 Y o T REIZ BT 5
BiFeO3 R st - Tk B M5 D 5 uuﬂ{/ﬁﬂ%@? &t
H WUKE, SO
(FKHEX)

Guidelines for fabrication of high quality multiferroic BiFeOs based thin films
in pulsed DC reactive sputtering method

K. Takeda, and S. Yoshimura
(Akita Univ.)

[F LT samett - maAEM BN, FUNER E X 28 M o5, FIIES H I X 2 EBR 00 P o)
MFIEIAFTRE & SAVTWA T2, IR RIERE 7B L CTHER SIVTW D, A & BRENV R O R
R[RTNA AMMERT 254, @lE B H b & OBLED b EW BRI E Ms 23k Hvn . LLRE, ARAFFE7 v
— 7 TIERF ARy & U > 7 k& LT BinxBadFeOs A (ERL L TN 223, & D Ms D e KB BirxBagFeOs
IR D M DHA5FREE D 60 emu/cmd LAVR S o7z, £ 2T, EEZEMNIHERS 57280, RF A3y %
Vo IR AT, KISV A DC(R-PDC)A /X & U w735 YD % T BirxBaxFeOs SR IR O {ERL 2 5 2
72. R-PDC ANy & U v 7L TIidAK 92 emulcmd & 720, Ms D RIEZ A BN R 7z, £72, R-PDC A/X
v B Y U TETER U7, RF ANy X U U IR CUERL U 72 IR S, RBGE B 13 5 SRR, KPUE
X 20 fERRIE & /e 0, fhooBRMEICBI L C b KiEZRm BN R SN2, L, RPDC Ay # U v 7HEICET
6525%%14:2: LT, —MBYepEEITIMZ, NAVRERERES S =5y bEMREBEEL, Thb &
BIFAMHBENTFEL < o T2, REFFETIE, R-PDC ARy # U o ZiETERLL 7= IR OB
#%cr 7‘5 FRIEEE KT, VAR, 4 —7 y NEMEGEEH LI TL2 22 BE L.
M R-PDC A/ N & U v 7E%E W T, (BiosBaos)FeOs(BBFO)E(EE 300 nm) %, ZARR{LIEAT & Si Fitk
12 Ta(5 nm)/Pt(100 nm)> FHifE A Bl L 7= 1%, FEEEE L CER L7, BEEIIEREE & LT, TazE
iﬂ%, Pt % 300°C, BBFO % 695°C CHlE L7=. & 512, BBFO HEED~<1 7 A h A MO AL S5
(2, BERE ORI VHF 79 X~ &S 20 L7=. BBFO RO REICIE, Fe ¥y kK & Ba-Fe-O ¥y K & & 4
n‘%éﬂifﬁfi Lz, BitosHENRE D (HERMENER D) 3SFEOX —7 v NI, Bi v— MafilE
L=t D&V, RPDC A/ 8w # U ZEICBIT A7 L ASMEE LT, A% 50~250 kHz, 7% 80
~200 W OFiFH T2 SH7-. (ER L 7- BBFO MIEOM HTIE, = R/ F—3800 X #i4 4%(EDS)IT &
0, BRMEE, REFEPE G (VSMIZ E D iTo 7.
FER M ORIRE T 52 0L, Figl ([RT X 91T, EAEKICHEVEBICHEML, 200 W 2B\ T
RARAE 92 emu/em® DEVMEZ R L2, My D73V A JERBUZ R 228 01, Fig.2 (R34 K 912, JE g
WCPEWHEFICHI N L 7=, Fig3 2%, #—7 v MIEENLIBbE A EOEIG D 14,17, 20 mol% T, EERF
PRI D 2 —75 > F(Ox-14, Ox-17, Ox-20)% HWTHER L 72D, MsD % —757 v SR & a &Ik
PHERT. BIEMEAEND VY, MadmvMEZ Rm Lz, ULEORERL Y, sBEENREL, 7L AJE
WKL, ¥—7 v NOFEBERBWITE, X0 KE7 M & FFosmieE - 8757 BiFeOs REM A ER T X
HZEWbinol, X, T2 ENIH &7z R-PDC ARy X Y U ZETHE, BT R A —E2 A9
B ANy ZRLTH BEBONC M BE IS 5 2 L T, BT OERERRIEHARESEL7-0LE2x 015,
SZ Xk 1) D. Pelleymounter etal., 2014 Soc. Vac. Coat., 57th Annual Technical Conference Proceedings, Chicago, USA.
2) HHHE, 5 42 [B] B ARBR S PR AL, 13aA-5.
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Fig.1 Dependence of saturation magnetization Fig.2 Dependence of saturation magnetization Fig.3 Dependence of saturation magnetization
of BBFO films on deposition power. of BBFO films on pulse frequency. of BBFO films on oxygen content in target.
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XA} v s A —nuT PLD % V72 Mn;CuN EEDO/ER L 3

R EE, g, SOTHie, SARKT, e mis
(Ffe i) oK)
Preparation and characterization of Mn3;CuN thin films by Dynamic Aurora PLD
T. Kawaguchi, J. Suzuki, N. Sakamoto, H. Suzuki, N. Wakiya
(Shizuoka Univ.)

[TL&HIZ

Wia 7 A A MEEBAN)Z RO R E WX, ABWERSCRE R — VR OBIL, BIERS
— T AL E NS IDHRIRVVEFE A BT 2 ERECTH D, TOFTH MnsCuN (F, £ 150 K THlipgEint
Zo L, 5K 2000 ppm (IR SERBEEZ T, ZOROEBEIERIZIL, {ERMETIEI~ 7 R hr ARy 4
ERT 7 A<k MBEERR ERHWLI TS, TRDOLEMIBOIRD DI, KD @ WER T 7
A~ wT D2 ENEETHDH, TNk L, Fx TR IR ATREZR, ¥ A4 F v 7 4 —nm
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Fig. 12 500°C, 2000 G D24 TR L 72 MnsCuN #5200 TEM 12 &
2 HE A ARIETR 2 T, SRR 2 T TR IR B ATV D,
ZORERNG, BRI IE MnsCuN AB721 T2 <. MnO BB
FONCu BT L TWD Z LD pind, Ziud, BIEREZEEN 100
Torr BRE CTHLI2OMET ¥ VP OBREBIENPFRTH L L5 %

Fig. 1 TEM electron diffraction of
Mnz;CuN thin film grown on MgO
substrate by Dynamic Aurora PLD.
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{EFR DO+ 7 BN FEBR LT L BEZ bD,

Fig. 2 Temperature dependence of
magnetization of the Mn3;CuN thin

film shown in Fig. 1.
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