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Introduction

Mn-based ferrimagnetic Heusler alloys: Mn,VGa (MVG) and Mn,;Val (MVA) are expected to possess negative spin
polarization, which means that the direction of spin-polarized conduction electrons is opposite to the magnetization
direction [1,2]. Such negative spin-polarization materials are of growing technological importance because they can
increase the freedom in the structure of spintronics devices and improve their performance [3,4]. In this study, we
sputter-deposited epitaxial thin films of Mn,VGa and Mn,;VAI and investigated anisotropic magnetoresistance (AMR)
as AMR can provide insights into the scattering process of spin-polarized conduction electrons [5].
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Results ‘ ‘ " MVG
Figure 1 shows the calculated DOS of L2; ordered MVA
MVG and MVA. In both materials, the majority spin band
exhibits a gap-like feature near the Fermi energy, which
can give rise to negative spin polarization. The spin
polarization is higher for MVA as the Fermi energy exists
closer to the center of the gap. ‘ ‘ ‘

Thin films of MVG and MVA were sputter deposited - ZE o
on MgO (001) substrates. The MVG film was deposited at ~ Fig. 1.  Spin-resolved DOS for L2, ordered MVG and MVA.
RT and post-annealed at 600°C, and the MVA film was
deposited at the substrate temperature of 600°C. The
formation of L2, order was confirmed by the 002 and 111
superlattice peaks in XRD profiles, as shown in Fig. 2.
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was applied to the samples, and a current was introduced
along <100> and <110> directions. Figure 3 shows AMR
ratio defined as (R(¢) — R.) / R,. Both materials
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exhibited positive and negative AMR for the current  Fig.2. XRD profile of [001]- and [111]-direction scan.

along the <110> and <100> directions, respectively, and v o ——
the AMR ratio slightly enhanced with lowering the T 20K
temperature. Such a sign change of AMR by the current Curont sons <t10b ok
direction was reported for Co,MnGa Heusler alloy [6]. In < %21 1 —r
the presentation, we will report the analysis of the AMR g Currant slong e
results. L g
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RITFR A2 1L, Ge L AEEDIRERT N FEE 2 A3 5 E 7 n-SinaGeoo
M, n-Ge ZMZ %A IEEEWD)B LA E ARMBEH ()& R~T 2
EEHLNT L[], i, EAEINC X DR L — 5 2AE)
WCERTABEEON B IO L — A Vo Kl E oA T &
LDbDEEZBILD[2]. EH n-SioiGeoo(111)D AE 1X, BEFRAIIZ 55-90
meV & TR TV D 03[2,3], EBRIZRRAEIZITHOIL TRV, AR
ZETIX, B X v U T IRE®MZH T HEH n-SiniGeoo 12\ TIKIE
TO A VEEREZ TR, AE O % FBRIICELE L.

X UTIREDER 2 D EH n-Sig1Geoo T ¥ RNV & WA B
NVTRTFEAERL, A EEEZIT o7z, ERFTALETO
B R TED D ZNENOREIZXH L TAZREL Y, F—L
ZhEPEIC L 0 5 DN EHR (D) & AV C ¢ 2 F3H5H L7=. Fig. 1 12,
n~1x10'8, 2x10'8, 5x10'8 cm™ DFE# n-Sip1Geoy & n ~ 5x10'% cm™> D n-
Ge lZBT 5 t DIRE(DIKAFEZ 7T . n~5x10"% cm™ D FE F n-Sig.1Geo.o
(R & n-Ge (B)DOFERZ BT 5D &, 200 K L FOMKIRIZH W TER
n-Sio1Geoo D 7 ITPAEITEE R LTV 5. Z iU Fig. 2 1233 L 91T,
BT L AREHFH AL =52k > TA Y REBERELSIH ST
WH7=HTHDH[1,4]. 200K LLF CEADENRRELNTND Z &h
5, ZEH n-Sio1Geoo D AE 1X, n~5x108cm> 28155 200K TO 7 =
I X YERL(Er) & A RV — (kg ) D FN(~82 meV) L W K& W EHEE S
5. 6T n~5%x10" cm™ DEH n-Sig.1Geoo IZBWNT, T T2/
—M A B REEBELAIH SN TV AICHEDL ST, LVIREED »
~ 1x10'8(F), 2x10" cm™ (%) D E I n-Sio.1Geoo IZFBWT 50 K LLFT
EHIT ¢ NEFITHERKLTWD., 2, BHEIMC L2 L —F 2
BV ERBELIIHIZ D, N L — N TORMPFHRL A B SR ELA T
ETHIEEREBLTNS.
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Fig. 1. T dependence of ¢ for the strained
n-Sio1Geos with n ~ 1x10'® cm™ (blue),
n ~ 2x10%® cm? (green), and n ~ 5x10'8
cm? (red), together with that for n-Ge
with n ~ 5x10'8 cm (black).
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Fig. 2. Schematic of the conduction band
valleys in the strained n-Sio.1Geo.s with n
~5x10'8 ¢cm at 200 K.
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iz A7 - 7.
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FPHB RS A YRS FERE AR L, 7—7 77 A~ HKEE
R VEENET ) A=A A=y 7 EMm (BE : 10nm) ZREE L
=, T0%, 7+ bV YT I T4 —EEMVTL YR MI =%
R L, kfmz—7>y MERA Sy 2V > 7k a2 D Tt E
i Fe (B : 50nm) ZRRIEL7-. S HIC, MRT 7 A~ OFEZ
AT PAdIE (E - 5nm) 2L, U7 b4 7 21T\, i
MIZ10um DXy v 72K Uiz, BEIEHTIROBIEX, KA
L VTR RAERIKEZFERA L, 47 u—7 2 AW T=ER T{T  Fig. 1 electrical circuit for measuring

-7z local spin valve signal.
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1 2ELTHEIABNTND, AEVEY Y MR END EFERITLE L., BEBEMAFREE RS, ZNETI
AR WYV N OERGHREN VLRSI P8 SN TV A, AR TTIXRERN R Y ) MUK E B
L. $BRE A P Y U b2 OISR & 7,

2. ERRAZE
FERHAM A Fig. 1 1T, BFERE LTy MY AT —3y NYIGOEFEM Lz, EX I8, RS XENZ2H 10 um,
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U, Hex=3000e TIE 3.4ns, Hex=13000e TiL 8.5ns ~fafn L7z, SHBIMRIZ L D & Wk & B v IXENE I,
Hex=3000e T k=8.5X103rad/m, vg=13X10°m/s, Hex=13000e T k=1.3X10*rad/m, v¢=5.1X10*m/s ThH o7z, VU
N DIERICITIETE 2 28 (L S 2 IERIED RPN T CTH D, Hex =300 Oc CIERIBEDNBILZ S NN o7 DI, FEHE
DRZENTEDEMFHNEL 20 | T RIFRIEIRESZ T ool ®Th b EZE 2 b D,

Hex= 300 Oe Hex= 1300 Oe
15k roT ] | T T & T
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Fig. 1 : Schematic of the experimental Time [ns]
device. A pair of microstrip lines were  Fig. 2 : The output signal of propagating spin  Fig. 3 : Powers and FWHMs of output signals
used as the input and output antennas. ~ waves, as a function of input excitation power.  for different input powers.
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T=U T ERHL A CEERWSZETH /A

=SB D EMERE Y PR A EHTE B3], 2 '
[55] g 7

AHFZED—EBI% JIST PRESTO(No. JPMJPR22B2), JST A 5

FOREST (No. JPMJFR2140), EHi##(Nos. 21H04648, | ?

21H05000), X-NICS of MEXT(No. JPJ011438) D {ZH) 7 ] 3 . P

b L fTbhi, | o

w Ferromagnetic thin film ' '

1) S. Tsunegi et al. Appl. Phys. Lett. 114, 164101 (2019)
2) S.Wattetal. Phys. Rev. Appl. 15, 064060 (2021)
3) S.lihama et al. arXiv:2301.02193

Fig. 1 (a) Schematic illustration of spin-wave
reservoir computing.



27aB - 8 AT Al AAREKERTEANEEZEAE  (2023)

ST EGHAMBHZ BT 537 A N » 7 b 2 ¥ 3k o BEE ) OF4E
FRHEESAME !, Thomas Scheike?, J7)I1#87E 2, B O HERT !
(FEESIRT Y, Wl - MEFERERS 2)

Threshold power of parametrically excited spin waves in cubic anisotropic materials
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Fig. 1 : Schematic diagram of an experimental setup. Pumped spin Fig. 2 : The magnetic field dependence of the threshold power
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Physical reservoir devices using excitation and observation of spin-wave via antenna method
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Fig. 1 : Schematic diagram of an experimental setup. Fig. 2 : The magnetic field dependence of the learning result.
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Fig. 1 (a) Schematic illustration of measurement setup for
broadband polarization-selective magnetic resonance spectroscopy
using circularly-polarized microwave field. (b) Color plots of
AS,, —AS;;  on  perpendicularly  magnetized  synthetic

antiferromagnets.
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Electrical detection of antiferromagnetic dynamics in thin films by using gyrotron
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THz magnetization dynamics is a key property of antiferromagnets that could harness the THz forefront
and spintronics. Recently, advancements in THz techniques have realized some of the key experiments on
antiferromagnetic resonance. However, the measurement principles used in those studies rely on the volume
of the materials and thus the same principle can hardly be applied for characterizing thin films which is a
central interest when considering any antiferromagnetic integration devices.

One of the solutions could be the DC voltage detection of the magnetic resonance resulting from a
nonlinear coupling of the induction current and the magnetoresistance change associating with the
magnetization dynamics, both of which are irrespective to the volume of the material. The only concern for
this method is that it generally requires a sizable irradiation power of > mWatt, which is to be resolved by
the gyrotron irradiation that is introduced in this study.

Test samples, ferrimagnetic GdixCox (20 nm)/ Ta (3 nm), were shaped into a 1.5 mm x 5 mm piece with
electric leads connected on the longitudinal ends for measuring DC voltage. The sample is then placed at the
end of a hollow waveguide carrying 154 GHz continuous electromagnetic wave fed from the gyrotron

apparatus. DC voltage measurements were carried out with sweeping external magnetic field. Figure 1 shows

DC voltage measurements for Gdo.17Coo.s3/Ta film at various '
I @ 154 GHz 300 K
temperature. We observed a clear DC voltage peak (marked by N *
0 2 uvl N 200 K
the star) at a certain magnetic field and the peak shifts with = Pw'/‘-.\?' -
g
varying the temperature, which are consistent with the resonant E’ ]
(=}
. > 50 K .
properties of GdCo. - % ’
W——
As the gyrotron frequency is scalable up to THz, our I
. . . 2 4 6 8
demonstration can be an important milestone toward the THz woH (T)
measurements for antiferromagnetic thin films. Fig. 1 DC voltage spectra at different

temperatures [1].
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Fig. 1 Dispersion relation of
acoustic magnons on SAF.
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Amplified transport of low-energy magnons in Bi-doped YIG by local
heating

R. Kohno'", K. An'?, V. V. Naletov', J. Ben Youssef®, D. Gouéré®, V. Cros*, A. Anane®,
G. de Leubens’, L. Vila' and O. Klein'

"Université Grenoble Alpes, CEA, CNRS, Grenoble INP, Spintec, 38054 Grenoble, France
*Quantum Technology Institute, KRISS, Daejeon, Republic of Korea
’Lab-STICC, CNRS, Université de Bretagne Occidentale, Brest, France
*Unité Mixte de Physique, CNRS, Thales, Université Paris Saclay, Palaiseau, France
’SPEC, CEA-Saclay, CNRS, Université Paris-Saclay, Gif-sur-Yvette, France

Magnonics aims at proposing novel circuits operated by spin waves, or their quanta magnons, especially on insulators
with reduced energy losses. Using a prototypical device which consists of two Pt electrodes, such magnons can be
incoherently generated through spin orbit torques at the emitter, and can be sensed electrically through the inverse spin
Hall effect [1-3] at the collector. We use a 20 nm Bi-doped YIG thin film with perpendicular uniaxial anisotropy and
fabricated a transport device with an additional electrode to control the transport (Fig.1). We observed reversibly the
amplification of the conduction of low-energy magnons by a factor of 3 by heating locally the region beneath the
collector electrode (Fig.2). For that purpose, we fabricated a modulator electrode deposited on top of the collector in
thermal contact but electrically isolated by an intercalation layer of SisN4 of 20 nm thickness. The motivation comes
from the idea of amplifying the oscillation amplitude (cone angle of the precession) by locally reducing the
magnetization. Previously reported methods for amplifying the transport were focusing on using a third Pt electrode in
between the emitter and collector to provide an additional source of damping compensation, which already deteriorates
the signal because Pt itself absorbs magnons[4,5]. Our method is free from such deterioration with a comparable
amplification ratio and could be useful for future magnonic devices to control the transport.
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Fig. 1: SEM image of the device which Fig. 2: Renormalized signal from electrically
consists of three Pt wires on a 20 nm Bi excited magnons probed at Pt as a function
doped YIG film. Pt; for the emission Pt, for of the angle of applied magnetic field with or
the collection of magnons, and Ti/Pt; for without local heating.
controlling the transport.
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Fig.1. (a),(b) Schematic diagram of a RLC synchronized circuit with a dynamical inductor involving a TI/MI bilayer that is
zoomed in the illustration (b). (c) Calculated admittance Yd(w) for a dissipative magnon-photon coupling at the T1/MI interface.
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Dependence of structure and magnetic properties on the Si compositions for Fe-Si thin films
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Inverse magneto-optical effect in Co-Pt disordered alloy films

Kouki Nukui'-2, Satoshi lihama®?, Shigemi Mizukami®#*

'Dept. of Appl. Phys., Tohoku Univ., *WPI-AIMR, Tohoku Univ., 3FRIS, Tohoku Univ., *CSIS, Tohoku Univ.

Introduction The inverse magneto-optical effect, such as the inverse Faraday effect (IFE), has attracted
much attention toward the realization of ultrafast optical control of magnetization for next-generation
information devices [1]. IFE-driven magnetization dynamics was first reported in magnetic insulators [2],
and has been widely used to induce magnetization dynamics in various materials. However, microscopic
physics of the IFE in metals is unclear. The origin of the IFE may be related to spin-orbit coupling (SOC) in
metals [3]. Heavy metal elements have large SOC; thus, in this study, we investigate helicity-dependent laser-
induced magnetization dynamics for Co-Pt alloy to gain insight into spin-orbit physics of the IFE.

Experimental methods The 5-nm-thick Coi.<Ptx alloy thin films were deposited on thermally-oxidized Si
substrates with ultra-high vacuum magnetron sputtering. The Pt composition x was systematically varied
from 0.3 to 1.0 using co-sputtering technique. Time-resolved magneto-optical Kerr effect (TRMOKE)
measurement was performed with a Ti: Sapphire femtosecond laser. A magnetic field of 20 kOe was applied
in the film plane using an electromagnet (Fig. 1 (a)).

Experimental results Fig. 1 (b) shows the typical data of magnetization precession for CogoPtyo films with
different helicities of the circularly-polarized (CP) laser. The signals show the polarity changes against right
(RCP) and left circular polarization (LCP), indicating almost purely optical induction of magnetization

precession. Fig. 2 shows the composition dependence of the amplitude and phase of the laser-induced
magnetization precession which were evaluated via sinusoidal function fits. Here, those amplitude and phase
are governed, respectively, by the strength and direction of the laser-induced torque acting on magnetization
(Fig. 1(a)). As observed in Fig. 2, the amplitude significantly increases with Pt concentration, demonstrating
enormous enhancement of the laser-induced torque and/or the inverse magneto-optical effect. More
surprisingly, we observe large change of the precession phase with different Pt concentration (Fig. 2).
Traditionally, the IFE is considered to

. . (@) (b) Co80Pt20
cause an effective magnetic field; thus Circular polarized —_—
it induces a field-like torque with the tame 00004

negligible phase, as observed in Co- ot 54
. h C Pt f’l F ‘ 2 ' O th th Torque difé to 3 Magnetization
T1C (0] 1ms ( 12 ) n the other ql7g( ‘ CoPt alloy

hand, with increasing Pt concentration, (

0.0000" &

-0.0002° £’

RCP
Lcp
— FtR
— FitL

-0.0004

Kerr rotation angle (AG/0 max)

-0.0006

the phase changes and reaches 45 deg., \ /
N ; 0 10 20 30 40 50 60 70
which cannot be explained by the field- Semet® Delay tme [ps]

like torque due to IFE and implies an Fig. 1 (a) Schematic diagram of experiments in this study. (b) All-optical
TRMOKE measurements with different circularly polarization of laser in

additional damping-lik 1
amping-iike orque CosgoPt2o films.

emerged with Pt addition, unveiled in

itude 60

this study. M % :hm;:et ‘ ¥ o
2 0.0008 a— —
This work was supported by KAKENHI and X-NICS. S. 1. thanks to E‘ — . 05
JST PREST (No. JPMJPR22B2), the Asahi Glass Foundation, and the & + 4 0 g
. . 2 0.0004 8
Murata Science Foundation. g 2=

< - g WP
References [1] G. Kichin, ef al., Phys. Rev. Appl. 12, 024019 (2019).  *®* .7 L+ 10

[2] A. V. Kimel et al., Nature 435, 655 (2005). [3] Popova, et al., Phys. ~ *%%%° 0 1020 30 40 50 60 70 80 90100°

Pt (at.%)
Rev. B 85, 094419 (2012).
( ) Fig. 2 Composition dependence of the

amplitude and phase of laser-induced
magnetization precession.



27pB - 10 FAT ] A RRESUE S N E AR (2023)
BFEBRNEICLD 7+ ) -~ T ) VRO

FAATEIG 1, P Zemy 20 2 AT 3, A E& 2 AR 2
(CRAbMR, 2HORER, 3 HROCEE)
Phonon-magnon conversion probed by acoustoelectric current
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3) V. Miseikis et al., Appl. Phys. Lett. 100, 133105 (2012). PR, FR ML 13750 &~ Bl

4) T.Pooleetal., Appl. Phys. Lett. 106, 133107 (2014). LTRo,
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AL MV RIBERERA WA, XV ma—a VBT L

{34 ¥#, Simon John Greaves, HH1[5—ER
(CRALKR )
Spiking neuron model using coupled spin-torque-oscillators
Tsubasa Ise, Simon John Greaves, Yoichiro Tanaka
(Tohoku University)
IEUHIZ A B b7 3RS (Spin-Torque-Oscillator : STO)DIEFIE e @hfEd = = —F L% > b T — 7 IZH]H
L, TR SR LEIaEHs ShTnd, ZoISABITIE STO OALAERZ v CHREE & o —2
RS TWD, AVICITEEEICELE S 7 STO TIHET A AR O KA BAEHIC K-> TR FE2 4 U2
AT STO DEACHRICEE LT 5, AWIE TIIERDEZR S STO B¥ 2 M5 2 & THEIRBE A F248
L, ZORMEAZAE LT,
EBRFE LLG iR ESL v/~ 2T7 v/ v Iab—raryEHnie, & STO IXMMEE THE
/X 30nm & 60nm T&H Y, Snm DA IEANE, 2.5nm OIEMMEE, —FRICEH L X7z 10nm @ B HJE TRk S
b, AEENEOEFMEAL Mg lZ 637emu/cm?® TEEL 7 [A11Z 8 X 10° erg/em?® O Hifih 504 K, 2 FF>, HH
JE D M 1T 1591emu/em?® , Ko ld 0 TR G PEC K0 BAGIZKES I H D BEEESIE2RE T 0.02, HET
300K & L7z, ¥ alb—a VORFMEIX lusTh D, Figl IRTEHICTERORLR S STO % 2 IRThLE
L, HEA& 60nm @ STO1 (Z 1.2X 108 A/em?, STO6 (Z 1.7 X 108 A/em® DFEFL # HIM L 7=, EAE 30nm @ STO2~5 (T
EIIN9 2% @i 2 2 b S W72 B STO [Al L [F A2 & Lz,
FEBRFER  Fig2.1 12 STO2~5 D 45D STO Ot 42 b S 7z & &, STOL (2§ 5 22 D AEBIRF# 2 7=
9, 1.7~1.9 X108 A/em? O T STO1 & STO6 DALAEAFEM L7, Fig.2.2 {2 1.7X 108 A/em OFEF A HM L 7=
STO2~5 D% & STO1 & STO6 DFHRIREH] 2”3, Z D STO DA 3 DL LIt/ s &, STO1 & STO6 D FHEY
P2 K& SHIN$ 2 Z LR STz,
FL HBEKHEEROT, EEORZRD STO O Z R &5 2 & TEEEMEFE T,

STO2 1

Q J, = 1.2E+8 Afem’” 1 Pon A MR H
103 0.5E+8 <1, 1,0, < 2.5E+8 Alem _ . f ~038- A
J,= LTE+8 Aem’” 7 08F P 1 g !
STOI STO6 o061 § 0.61 1
E R 5
140nm | £ 04 5 0.4r b
i ° > K
‘ ; ; 8 ; g ’
60nm " 60nm © 0217y =12410° Alem’” J O 0.2+ / g
J,=1.7x10° Arem’ 5 ' .
STO4 . o« i
85 ¥ 15 b} p) T ‘
’ o s 2 ’ 1 2 3 4
Current density in STOs 2-5 (x10° A/em”) K g
STO5 No. of 30 nm STOs with J=1.7x10" A/cm
Fig.1 Schematic of STO arrangement Fig.2.1 (left) Correlation time of STOs 1 and 6 vs current density in STOs

2-5. Fig.2.2 (right) Correlation time of STOs 1 and 6 vs number of 30nm
STOs driven by a current density of 1.7 X 10% A/cm?
BEER 1) M. Romera et al., “Vowel recognition with four coupled spin-torque nano-oscillators,” Nature, vol. 563,
pp- 230-234,Nov. 2018
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The connected-skyrmions stabilized in a nanowire
Taichi Nishitani!, Syuta Honda'!, and Hiroyoshi Itoh!?

('Kansai University, ?Osaka University)

FC®HI

BERA v X A T ERAL O REMEFRITTE R S L D iR OBMEIRRETH D, A F /L I A TR FER THR
HTELHIOLV—=A LT v 7 AT VITBT L MHHRARR ETORMPHFEN TN D, MIfRIZ 2 DORF L
SA USRI L &, aTROMAEERICIY I LEENLDY, & 2 A0, KEEHE D i & KRR Y ji72
EDXITHWIHAEDANY VT 4 HFFD 2 DDAX NI AV IS CHRE LZEAICE, 22o0A

XN IFUDEDSWIRE TR EILE LZET D, T ZO@X%Afjw%xfﬁLtwmﬁhﬁfjb
v "R TF ) IAVICEETDHZENRENTE 2D, £, 20U EEELEZAF A IA U HINN LI AF LS
v LRI 2 TR D A B R ET CERENARE T - 723, B L7 AF /L I A 0T AL 2 A4 U MiR
BED /NS N2, THFHHAE~DIEHTA MU —UBEEZBNTE 5, LiL, ZET HHEER EORMEILH
LI o TN, FIT, 9A 70~ X547 AV I2b—ya 20T, 7/ UL VITEREN
T L2 AL S 4 v ORMEEE A TS,
HERE

EEGRETEEETHMBICERENTE S L2 oD AF LI L ObIRIER S L F -0 73 v
XN — P HRA(LLG FRA)ICESWev A 7 u~ I RT 4 v 7 AV I ab—Ya e v, MifgoH
A A% 200 nmx50 nmx4.0 nm & L7z, FFRCARID IZE b OAF LI A EEBY OfELDOAF LI A
VEREL, BALREBAEM S TRERBILREEZSGTL, 2 DOAXFAIAFURNHEMEDONY T 1 2 FF
DT, Vya v AX—SFRBEAMEMAITEA Lo Tz, BRBLR E ORI NT A — 2 B IRDBH AN
A AFNI A UNEET DHHREECEIR 2T T2, BRNT A= EEELTFEFE AR I A B2 HE L
e ¥ —, TR F—, WMEBKEFET LT —E 250 I 4 VR FE 2 R 5,
YIal—vaviR

AR D FFIEA LAY My =396 kA/m & 413 kA/m 1235\ C, FERL S AU 72 ifs L7z A L I 4 v ORLIRTE % Fig.
1 \RT, BEAXAIA L OMPBHREDTD, WMO—HE2EAEL T2 DOAX LI FUNEFELTEEL
7o FAFSALIM KR E L 2 DIZONTEAF NI AL DY A ANKEL polz, ZHUE, ML L7ZAF I A
vERIUMEETH D, it,%Z#W‘W/®:7W®E%ﬁ%ﬁ@M®%m&% IEL Y, 2, WO
HHINHEIROEEBHD Lz, FREBICBTA A3 AF -2 LIZEZA, MEETLIZLICE-
Té&?ﬁ@l?/v% kﬁlﬁﬁﬁwﬁjﬂii?ﬂ/ﬂ% B Uz, BT LA RV F—0BMEL VI
SO X—DRDENRKENSTZTZDIL, AFNAVIFUNEF L TCEETAZENEON o572, L
ML, 2 DDOAFX/NI A WL B AL EEEL CARBEEDL O RMEIREEZ B S D &, AF I 40T
SESHTICEEN, BILRXOEE S22 DORAX/LI L OEAITIE, BT 5 & QT 2L —23 88
L, 2O0DAF /LI FURELR L CLETAMEITSE LN o7,
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Fig. 1. Magnetic moments of the two-connected skyrmions stabilized in the nanowire with M; of (a) 396 kA/m and (b)

413 kA/m.

25 3Lik

[1] M. Kato, et. al.: J. Phys. D: Appl. Phys., 55, 475002 (2022).

[3] T. Nishitani, S. Honda, and H. Itoh: Intermag 2023, CS-15 (2023).

[2] Y. Yuan, et. al.: J. Phys. D: Appl. Phys., 55, 435010, (2022).
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MBI N & — 2B 1T B EMERIR A ks Ao BE &
skyrmion b E DEVE EHEDEIFR

KHF52F, Xiaorui Ya*, DG
(JUM K=, *Chongging College of Electronic Engineering)
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Relationship between the strength of inter-grain exchange coupling and the thermal stability
of the skyrmion magnetization configuration in magnetic thin film patterns
Shuto Onaka, Xiaorui Ya*, Terumitsu Tanaka
(Kyushu Univ., *Chongqing College of Electronic Engineering)

FLHIC
WA, BEMERAEY & UTRIHFTREZR A XL I A BT D0 AT TR D [1,2], Z OB S
EOLEMEIZOWTHEFOH 2 H DI, BRBREHREOLE[BITHD. —FH T, —HNICITEERK CTH
o T H R IAHI 22 REERL CIEL S TR Y, R OZSHFE AR ITRIN L 0 H/hS W2 ERMbBN TN .
AMFFETIE, B 8 nm FREE DI OV T, BEMORIR ASHARE A TR RN ASHE SR E L v/ h& < Lz
A, FT, WPERLO BRI U(HY) « BRI L M) IS B B D556 D A F IV R A4 g g O BV E
(AE/ksTZ VN T EH L 7=

Ial—YavFEE

~A 7 a7 4 v 7 FEICIFLLG FRE AW, £, AX A IFUPRET B0 X —fE
BEAE DREITT v P RZT AT 4 v 7 N RIEICE RSz, 22— b LEZ XU — OB
X, AL I AU RNFEETDRENSHA LIIREE TTH D, £2, BULEREOMREL, %4
PRI BN T ST A X8 50 nm FRED A XL I A U BRESHET VICE 2, BbZEm S8
RETH .
ERLER , ,
Fig.11Z, Hy M, DFEHERZE 0% & B2 5%E L, RN ASHE A TR
(X9 2 BEMERI A Bk A 5RE (A) & 10~100% & L 7=B8 D AE/kpT % 71
I F 7o, BCEEOPHIIREEEZ RT. Figl L0, ARSI WIEEA
XU A UG OBZEENEL 1D 2 R0 D, T, kL
MBI D R EE DAY — S & Hy, M, DA3EIC LD, sEa /g
DEE EIT R BEEEE Sy OB{L OB X NHIR S D Z & AELR T

BB LEZLND. £, SAREGEIIC IS ARAI AL L Figl 0 %0 100
D A=100%DHED AF L I AL OH A RIHFTE LT, BiE A
y ... Fig. 1 Relationship between A and
DAEMT 3B L% 57, %FIZBLZ 68 Thoto. THL LY, WKL  magnetization thermal stability.
D Hy, M\ Zhiab5250E, BVREMENELSRDEERD. 200 , : :
. " F o (H)=0, A=50%
Fig.2 ([ZREMERLOD Hy, My D% 0 % 5, 10, 20% & L7236 DAE/KT % L —o— oth%:o, A=100%
— . . . [ o (Ms)=0, A=50%
RY. Fig2 XV, HH MO M, D o BDRELBRDIFEAF NI A LD . 150~ o-glvlsg:o, A=100% ]
BLEENEL 2D 2 ENSND. I Figl C[RIEE, BEERO £ ]
BALOBE BHIREND Z EBNBATHH L EXLNSD. £, KD 3 f ]
o1E 5~10%, M; D o1 10~20%D M TAEMT \Z K& A G % % [ ]
ZENyIno T i 1 1
0 ‘ 10 ‘ 20

P

[1] Gajanan Pradhan et al., JMMM, 528, 167805, (2021).

[2] Raphael Gruber ef al., nature communications, 13, 3144, (2022).
[3] David Cortés-Ortufio et al., scientific reports, 7, 4060, (2017).

o of Hy, M, (%)

Fig. 2 Relationship between distribution of
magnetic parameter and magnetization
thermal stability.
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ERAXIN I AL DT T U EENIBIT 5
TA FIVIRBEEEDO R T VY T AR FEME

SORUREG B, BT RSC Y, RAERE 1, EASE— 1B SR — 4,
K= ¢, Jachun Cho’, Chun-Yeol You’, A)IIGR 8, BFAE 13, gnARF/E 12
("BRORELHE T, 2K OTRI, 3BROK CSRN, 4 FURAGAT,
STK CSRN, ¢ HIL KT, "DGIST, * 7 /W N 7 i)
Polarity dependence of the chiral rotation in the Brownian motion of a single magnetic skyrmion
S. Miki", A. Shimmura', M. Goto!-, E. Tamura'-, Y. Shiota*?,
M. Oogane®, J. Cho’, C. Y. You’, R. Ishikawa®, H. Nomura'*, Y. Suzuki'3
('Osaka Univ., 20TRI-Osaka, *CSRN-Osaka, “Kyoto Univ.,
SCSRN-Kyoto, ‘Tohoku Univ., '/DGIST, SULVAC, Inc.)

FL®HIZ

WRAFNIA AL IR DNV ZERAC U EE TR F L LTSDEI, £D MR PHVIHEIZ
HRLIEAFAIF L DOFAFI T AL LTUIY v A @B T AL, Bl IXERBEHIC LD AF L IA
VIR—ANR DR T T T EENZ IS D BIERL S DAFAE PR ERRESN TN D, AFAIF DOV r AR
HEHOREHEZ AT AF VI A, TROBAFAIL ORI VT ¢ LEBICEFR LTS, L LIEHK
HFOEERD T ATV E TZRE SN TR, 2 ORlEE 518 OREITRFLHIB LI X O T 34 2A~D)5H
OBLEND LMEARAIRTHD, LMo TR TIHIEHIC BT DEEE S ORT VT 4 RKFEEZ R ET
HZEEAMET S,
RERAE

ARy B Y 7RI XD Si/Si0; sub.|Ta(5)|Pt(0.04)|Co-Fe-B(1.09)|Ta(0.18)MgO(1.5)|SiO(3)(()PN I nm) % f 5
U7z, 5hfl 72 88D 2 8L 2 72912 1000fps & THREE FTREZR =8 7 A T % 2 T2 BE<0EF: Kerr 2R (MOKE)
PAEEIC L > TR I A VB L, b7 v XU 712805578 & 3 A7 3 A0 B B Sk <v () - x(£)>
BLO<NVO*x()>Z7HE L7 7 7 E NI 2 [BlHRE S OB 2 32 7,
KRR

Fig. 1 IZTAXAI AL DRT VT 4 (a)p=—18BILO(b) p=+1 DFA TOBEN EF BRI B DA iE R T
H D, TR L2, <v(f) * x()>F L O<(v()xx(0))> 13 Z NIRRT v V) VORI TER L O
KATEINZH T D, <(VE*X()> D, TR B AF LI AL OB CORBEDO FENIRT VT 4 p DFF
FIARAFT Do ZOBEEG AT LARTF # 238 L2k R3] — 8T 2, EBNI 27 T 7 Z Vi )
b AFN I A U OIEEBIMMEE M TIERE T OEBWRT U v ML ENS, kEARAIC T =S
WA SO EEZT D, AFTRIEAR X IST CREST JPMICR20C1, JSPS £ FHF9E (23K13660), BHFE: 3
HERFSE S (JP20H05666),  FrAIAFSE B 5EhE (23KI1477), SCHREHFA R AR X-NICS -8R A1 A LS 35 23
(JPJ011438), EHILF AN 7 —D K

BEZ O THD, @ p=-1 ® p=+1
o) (- x(e) o) (e -x(e)
S E Tk 58 90 ©osx(vixx(®)) | 5 & 90 S (vt X x(D)2)
FE L 3 E
o 3 60 Q.5 603
1) S.Woo, et al. Nat. Mater. 15, E — 25 Lo
501 (2016) %ﬁ ol %@ .
2) L. Zhao, et al. Phys. Rev. Lett. 8 8 i sk
125, 027206 (2020) ~00 0.25 050 oo 0.25 0.50
’ time [s] time [s]

3) S.Miki, et al. J. Phys. Soc. Jpn.
90, 083601 (2021) Fig. 1 Velocity-position correlation function with the polarity of

(a) -1 and (b) +1
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B RS A BN U T R E AR I 38 1 D G X B DR ﬁllf'_%ﬁ’% 5%

g REL, hE R ERE B D AL EAR R
(NHK J3GEBAFFERT)
Magneto-optical observation of recorded domain shift in magnetic nanowire memory with step trap-sites
Daisuke Kato, Kei Ogura, Mao Takahashi, Yoshinori Iguchi, Yasuyoshi Miyamoto
(NHK Science & Technology Research Labs.)

[FLHIC

FERD 3 Wt A b L — U OEBEZ BIE L T, HElERgE DS TR 72 B HIRR A £ Y — O 2D T
W5, fEERAETY —EEDTDIITREE Y NERDMRE—EET OV 7 FSELZXERHY, ZivE
TT7F = v MEEFORAZE 2 BMIEA LIRSV T RO F 7 — 2 RBEMEE(MOKE)IZ &
0 WEEEB R R OFME 2D T& 72 12, —F T OREMIIMEED b7 v T HREI &, Lo
WMREELDOTY T FSELHBIIKEN DT, Alal, BRI B S 2 A IS AT 5 Z L IC &
. ZOMNMZRA & L THERKOY T MR—EMEZFEITE 5 AL L B0 THRET 5,

RBRAEBIUER
Fig. 1 [T T BB M BRI A B ) — 2 ERF 2, A1 A B2 ARy H L L—H =Y VT TFT
—IZE D, BES 4nm, BZEEH 6 um @ SiN 205 72 5 Bt 2 Fm B L Si MR BICERE L., 0
# P(3 nm)/[Co(0.35 nm)/Tb(0.85 nm)]4 7> 5 72 2 FEEHEALIE A M 3 pm, £ & 60 pum OBEMEMFRE & LT ix—
TRk L7z, & 51T Si0x(25 nm)/SiN3 nm)2> b 72 % J& ik g 24t L C. BEEMRROEAZ ST AICHE 6 um
Ta/Au/Ta & JBFR(EIE 150 nm))> 5 72 B F08kBE T2 B LTz, BIET A A DN BSEEG % Fig2 1R T,
Fig.3 IZX DOFEEk & 7 b OMETZIERBIZZ L7 MOKE B TH V. WRRREN B | BIIRRED T & Ok
LA ANCKHET %, BANT 1 kOe DIMTREFUT L 0 MR 2 L Z IZHTHHE L(a). L)ﬂ\‘@illlﬁf*‘%aﬁ% v
7 OB EMER LT, FTREETO FND LIS S 50 mA, 2V AE 10 ps OFLERE T & FINL .
i ST BRI X - TRegkFE 7 O LM T & WX 2 Fidk L 72 (b), &’2ﬁmmom@%@aﬁ%m
PERIRRICEIIN L T Z OBX A2 AT~ 7 h Z8 72, -50mA, 10 ps OFEERFERZHML T2 2HO kA&
X 2 itk Liz(c), MR TIECTHRIT2MXZ Y7 b &t 3 2HD FAE X 2508k L7=(d), mEIZ, %
T3 ET 7 FEE, 4 DHO L& EZiiekL7(e), UL E, HEOLFMXEELHTT T bfé‘r )
il L A5, BURIZY 7 MEOBXEICET O T DE N A O NBEIERE O KE(bix v E L b oo, B
ZEREE I IREMEBR A £ Y — Otk - 7 MHBINCAZIE B2 b D, HHIZZNLOFEMEZWmE T 5,
RETR wEpR EXoR e RRET  mams DR

EREp BT (FEXRIZ)

B O A
= N >

= N/
EHER gk B

Fig.1 Magnetic nanowire memory with
step trap-sites

(D
/ ' | ! I
BEMERRAR HXDL INEAL
Tig.2 Fabricated magnetic nanowire Fig.3 Differential images of magneto-optical
memory with step trap-sites microscope for memory operation

L ZD N

1) M. Takahashi et al.: MMM2022, IPA-05 (2022) 2) Eif&IEA: IGH) 2022 TN GEF S, 21a-P02-21 (2022)
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Fe/Ir/Co/MgO/ZrO #E3E 2 31T 5 BIERET E J5 MEHIH
/NEFPHE VERR, BRI AR, BPIRE FELT, BE Bre
(BERHIT)
Voltage-controlled magnetic anisotropy in Fe/Ir/Co/MgO/ZrO, structures
Hiroshige Onoda, Tomohiro Nozaki, Takayuki Nozaki, and Shinji Yuasa
(AIST)

IZCHIT

WEIEHINRIL T X L7 78 A AE U (MRAM) (23 FH ATRE 7V B /1 B X AR FELE LT, &
JERGR ST HEHIAE (VEMA) 23 H 250 T\ 5. FliEE Fimf7e VOMA ZhR ORI, Mkl st
A ~OBEEEINC L VFHR S5 RAEIUERSTE — A > M PR BRI B OZEHIC L 0 Hfg
ENTVD V. o T VOMA IR DOKRITITREICER SN D BREBOHRKBGNEB 2 LD, AT
ZETIE, REM2 high-k FERETH D Zr0 BAEA L7oMIEIZIIT 5 VOMA Rk 2 51 L 72.
Fik

MBE {EB L OVA Ry Z U > 7 k% VT Mg0 (001) F#ik_E1Z Cr (50nm) /B Fe (0. 5-1.0 nm) /Ir
(0. 06 nm)/Co (0.1 nm)/Mg0O (0.7, 1.0 nm)/Zr0, (2 nm)/¥ ¥ v 7JE Pt (5nm) HEEZ/ERI L 7=, 7r0,
JE 3R RT) & L < 13 200°C O FEMIR LIS TERL L, RRtEeE A 4T - 72, VOMA Rt im 3% 1%
FWT, EERINTFICIT 20— R HE D & 5 L 7.
EL VTS

Fig. 112 Mg0/Zr0,J&? XRD JIERE R ZRT. Mg0/Zr0, (RT) DFELTIE, Zr0, DT/ N F — o D3RR
ENTWRWDIZREL, Mg0/Zr0, (200°C) TIX 2 0=30° fFTiZmlf R¥ — BRIz, OFY
Zr0; JE X IRANE CIIIEREREE & 720, 200CAHIE CIdf Mt L Tnad . ZORERIT in-situ KHE
FRREHTOFER L b — L7z, Fig. 212 Mg0/Zr0, (200°C) FH+FIZBIF DM —FD /A 7 A EFEM
e DB 2 759, Fe/lr/Co J@ O ELRE RIS M2 KW 2 1 E 7 [0 O B FIRE S A3 B EIINC L 0 B
(B b LT, 8L L 72kt s 5k ed 72 VOMA 42513, Mg0/Zr0, (RT) &+ CT—406 £]/Vm,
Mg0/Zr0, (200°C) - TlE—488 £J/Vm & 721, MgO DAHDFEF (239 £]/Vm) LV K& 72 VCMA ZhH
DB S N7, BEY A, BRBOBKEESCTHEEROFFMIC OV T L HET 5.

AR THER LToWE 0 —8H1E, ESIHFERTE BT =1L % — « EEEITR A BRI (NEDO)
ZEREEEH (JPNP1600T) OFERSF LN H DO TH 5.
L ZBIN
1) T. Nozaki et al., Micromachines, 10, 327 (2019).
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Fig. 1 XRD patterns of MgO/ZrO2 structures and Fig. 2 MOKE hysteresis loops of Fe (0.85 nm)/Ir (0.06 nm)/Co
MgO substrate. (0.1 nm)/MgO (1.0 nm)/ZrO2 (2 nm) deposited at 200°C with

and without applied DC voltages.
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FHHIE Co/MgO B4 1Z31F 5 VCMA ZhER1 k3 2 FHifg o2

HrLE e, BPREFETT. BRIRFACK. SrEETIR
(PERSAIT)
Underlayer effect on the voltage-controlled magnetic anisotropy in interface engineered Co/MgO junctions
with heavy metals
H. Nakayama, T. Nozaki, T. Nozaki, S. Yuasa
(AIST)

FLHIZ

RYHE S - mEEE « SE MR MMEZ F28LT 5 EEIC X DO FE, RO REHREERK
AEUMRAM)DIEREZIALFEROBEME L THEE I TWD D K2, &ERS 5764
(Voltage- controlled magnetic anisotropy; VCMA)ZNSRILEE T BRENE MRAM (251 2 Hg il & L CHifE ST
BV, mEBKEGEPMA)D XD K E 22BN B OZh RV BACHITE 21T 5 720, TOmBhRERRD &
NTWD. VCMA 2RO K E S1E VCMA 203 (FUINEEIZ A3 2 BRI 2L F—0Z8b) 12 X0 R
T o, RS RAGRERE~OESBFAIZL 5T VCMA 22 m ETE 5 2 &N EmIICHER S
hfwé”.%@*ﬁf,%%ﬁw%nT%EﬁMﬁéﬁimmwmm%@ﬁﬂ#¢uf&@ +4372 PMA
TG D T2 DI E O 7 =— VR RAIR Th o7z, LinL, ZoOMAT eIk, RiudlEE Lo
THUBEL OIS EET BT, VCMA #RIZ ﬂ@“éﬁﬁ%’hﬁﬂﬁ D5 A R _uﬂiﬂﬁ‘é Z LI TH
ofc. ARBFRTIE, 7=—&1795 2 & A LI PMA DG 51% Co 2 VT, 572 2% Sl e
KON B 2 O - E 2 E R L, FEfiiEE 31T 5 VCMA 2R & T g D82 5~ 7 99,
ERGE

ANy RN T L EFE—LARE LTS LT, B LA x> o B EIC Ta(5 nm)/Ru(10
nm)/Ta(5 nm)/[Pt(0.8 nm) or Pt(2 nm)/Os(4 nm)]/Co(0.7-1.5 nm)/X (=Pt, Ir, Os)(0-0.28 nm)/MgO(3 nm)/ITO(20 nm)F&
JEEN 2 2 CEETCER L. 22 C,Co kO ERBXILY = v vy v ¥ — é”ﬁﬁb\f@a@rﬂﬁk L,
Pt FHURE S B TSR 2 B HREARHM O 729, mEAEDWALIE L 22 570 X ) TRk T 72,
VERLL 7352 ST MOKE & RUBHIREVIUE /5T 2 0F 35 2 & T, wm%@%ﬁmt TH NIV TT
T4 eAF IV T EANT, BIRAZEEANE T U2, T LEEHZ W T, DCEEZFENL
72735 1w MOKE (2 & D BEAUREDIE 21T > 7.
KERFER

WERURFEIZ DUNT, Pt FHIEOE} - Os THIGREE & © 12, FUEliEE X (=Pt I, Os) & EAT 5 Z &2 kY, E
B RERSR R T XL F—om BB R ST, EENRICOWT, Sl EE Lo Co/MgO Tl Pt
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Optimization of efficiency in voltage-controlled magnetic anisotropy effect using
an ultrathin CoFeB layer deposited at low temperature
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