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Substrate orientation dependence of anomalous FMR linewidth in Fe thin films
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—RBZ R R D Gilbert damping constant « 13, BEEEPEILIE (FMR) OffhE AH & e 344
f & DR AH =AHo + draflyuo Y2 X 0 KD B D A3, AH IZNRPEREREIC X 5 AHin LIS & |
two-magnon scattering (ZAZ[K9~ 5 AHmws V. rare earth impurities {29 % AHgre 2. magnetic drag
effect IZHER T % AHarag V72 & 2 & 0728, AH 705 o Z IEREICEHT 5 DIZREE5A b 2V, E
BE. AHtms. AHge. AHarag 72 12X 25 AH O F5 72 S R BUR AT DWW TIE, Fe O L 9 IT)A
<FN BN TEBREEMERIC IO T H 0 B ST, AR 4 13, MgO 54K 1D Fe #1523 AH
D FH IR ISR EARAF 2R U, Z S BRI ALE KOS O G RIKFT 2 2 & %

R L7zoTInER®ET D,

FEHEE 300°C T MgO(100), MgO(111) JaAk iz Fe #% (30 nm) ZE L. €O EIZF ¥ v
J& Pt (10 nm) % ki L 7=, FMR &2 1%, coplanar waveguide 300 —
ZAEH L. 8-44 GHz D JE £ T So WIN A~ 2 kL2 2501 Sl : [[3?11} iy
E LTz, Figs. 1,2 (32412 MgO(100), MgO(1LL) ko> Fe i 3 200 (ot I
BED AH DI | RIFHEE LT B, MgoooyT 5 T — 1

%, BB AH O FAREVEDBIZE S 7273 MgO(111) Tl o |
BRI AT 5 B 7e GRRIBZR) AH O T APrENBLES 52" / |
77, MgO(100)Tlx, Fe &ML DT I A~ v F ) 9 10 jf’(G}-;:) 0 90
3.5% & /NS ITx LT, MgO(111) T, 21.3% & KX /-
. UL o THE S D RN AHin LSO % 5%
FEB L R I IRAET 5 5572 AH O HERTFYER & 72 N ——

1
HLIZEBZOND, FEMITHT Y BICHERmT D, 250} : [mz[ 1

Fig. 1. AH vs f for Pt/Fe/MgO (100)

Pt (10 nm)

KHFFED —#51%. ISPS RHIF# JP24H00380, JP24K21732, 5 B0 i ’/5;[1131 1
JP23KK0086, JP21H04614, JST FOREST JPMIFR212V, JST ik = 150F x;’_lqﬁ”’"" ]
HEBFZE 5 SR SE 7 0 7 5 L IPMISP2125 0 K18 % % 100r 2
F7-b 0T, r | 1

1) W. K. Peria etal., Phys. Rev. B 101, 134430 (2020). % 10 20 30 40 50

Jf(GHz)
2) G.Woltersdorf et al., Phys. Rev. Lett., 102, 257602 (2009).

3) Y.Lietal,J. Phys.: Condens. Matter 33, 175801 (2021). Fig. 2. AH vs f for PUFe/MgO (111)
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BOBENRIIC L KD A —HMRERBOL OV LITHEOEL
Water memory effects and changes in calcium carbonate precipitation phases due to
magnetic field application
HEABRIRE ! OAly Ahmed Mohamed Sayed!, FRJIl E& !, BF HEez!
Graduate School of Energy Science, Kyoto Univ.?,
°Aly Ahmed Mohamed Sayed?, Keito Inagawa?, Hideyuki Okumura®
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FLE N D A — /U TA R & 0 b BMRERNE L <KW 2, BUSHECR A 7 —72 P OMEE IS
T D E BB DAL, BGHENMRT T 5, ZORDREICOI L Zi ke LT
SALEPER S TERY | KOBKKLHEPHEFTI SN TS U, L, ZORROERLOEL
S, HEMEORRE, MR T XA — 2 OERBE OGN 2. RESAHIIN IR 2 2 s — ey
FFE T 5" AT ) =R BIFEET D2 L2 8 BHRITHNABRETH L2, Z08ig%
A LEMMET 2720121F, SORDIMIEDLETH D 2, AHFETIE, AEY —REFZ M
TR OMAEZHE L, A7 —VOEHERS THDHIRB AN T NERHWT, R Z i L
T Lt L TR VKOG CHF Y &, HiRO T A 1T - 72,

ARBFFETIE, 24 FEREILL_ ERRRTE LIZBHKEZ 2 SOF T AREIHE L, i 3m/s THfER
STz, RERRRIKIT 2 FEEYEN L, — 7712 700mT OKARA 2 3% 8 L TR & i L7=, —&
R (5~45°C) T3 WpMIRFFE., BERALEDK (MTW) &RAEDK (NW) Z2 VWb ry
LEIRBEKFET U U LAEIS S, KRRV T DR S, £ 11T, X BEPEcE-
R 71V 0 DT HHFROEIG 2R, 5CTIIBER A bR o 7273, 15CLLETAT T4 MA
BHIL, 25°C TR & o7z, BRI L W T T4 MABZEIL L, AT A MH~DlE
B S b alRetE s mg S ivle, Eio, RARHE TlE, X TORELT MTW OFEER1-£8

ANW LD/ S < Table 1. Percentage of calcium carbonate precipitated phase in NW and MTW

Ty Dl W MTW
720 | BERALEEN KL N
calcite vaterite  aragonite calcite vaterite  aragonite
s
%E‘ZE %ﬁﬂﬁ%”jA 6 )(jJ average(%) 97.1 1.3 0.4 97.9 1.1 1
5°C
BPHERINT-, Y4 standard error 1.2 0.9 0.4 0.7 0.6 0.1
NP average(%) 94.8 4.0 0.4 89.7 9.5 0.9
AR R R 15 ’
standard error 3.3 3.4 0.3 0.9 0.8 0.2
DFERITHONTH R average(%) 732 26.0 0.8 481 50.9 09
25°C
ar N dard error 15 1.6 0.2 22 22 0.2
He [./ ﬁﬁ‘bmﬁﬁ)& stan
= N A X
average(%) 70 29.4 0.6 64.4 35.0 0.6
S Y- B YHR ) — 2 35°C
EIrn-Z IASIANE: = standard error 33 34 01 33 33 0.1
g{rﬁ}ﬁ— ‘,:) . 45C average(%) 77.6 229 0.4 58.9 40.6 0.5
standard error 35 39 0.2 47 4.6 0.2

1) Bayoumi, S., Moharram, N. A, Fayed, M. & El-Maghlany, W. M, Desalination Water Treat 318, 100369(2024).

2) Chibowski, E. & Szcze$, A. Chemosphere 203, 54-67 (2018).
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KABA2ETRETEAHAFLEEDRFE

Development of a magnetic levitation device that can be realized with two permanent magnets

HAIESIIG, O®RE 1B, thF 3|k

Hikaru Goto and Yasuhiro Ikezoe
Department of applied chemistry, Nippon Institute of Technology
°E-mail: y.ikezoe@nit.ac.jp

WiREE (KWEAm) PR mEIL, YR T ) A — LV OEHRTRIFICELT 28 TH D |
SNV TIERLNRNE D RBIGNBIEIND ZENRBL MBI TND R, ITEDALFEHHT
b5, L—P—HAINOFRBIZ LY | KTl Z 2 AR ROBFRRED 5 TE T b, B2,
RIRRE CIIOULRSOSEESME KT 2 D2 ERRNWE ST D2, RO KGFP o7 ey
IV BRI DO GUREZAL RO A V@R e LTI L CWAH Z L bR E it Tnd, ZEHICE |
L7 iRIARIZEARR 2 Bk IE 2 LT 0 | IRIEOIREY 2 S HGELC X o TR USRI D F m ik /153
Ko B D, RIEERE CTORR % 7B b FRBRB AT IR D L Wiff s D, THET, Fxid4d
DD KA % AT K ORERIE EHAN Y ZBZE LT, 2 2Tl 0.1 mm F2E D ER DK
PIENTZENHKRD, Fexld, MRIFEDOTEDOMARE L2 BT 50T, Tmo7 2 HO/A
THKROWRFE LN ARETH AL Z L2 R Lo THET 5,

L 72 X (Fig. 1), BATX 15 mm, 1 10 mm, &S 3 mm TM3 DR LAY 1T 5729
DRBANTZ A AT LA 1 X TH D, TNENORA OBALFITERE EmE /21X TmE T
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Fig. 1 (a)Shape of magnet. (b) Magnets arrangement. Fig. 2 Water droplet levitating between two magnets
[11R. Kusaka, et al., Nat. Chem., 13, 306-312 (2021)
[2] M. Gen, et al., J. Phys. Chem. 4, 127 (29), 6100-6108 (2023)
[3] T. Naito, et al., Appl. Phys. Lett. 125, 264102 (2024)
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In-situ R OB EREF T HIHI[FLEEDRR

Development of a magnetic levitation device with an in-situ magnetic force control system
HIXESRINIE OF# £A, Hil BA, BF &

Hayato Toeda, Hayato Nitta, and Yasuhiro Ikezoe
Department of Applied Chemistry, Nippon Institute of Technology
°E-mail: y.ikezoe@nit.ac.jp
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05 & RATBC s, KA+ 2 L &b, FERE
fiki% EOM: (RF BV TRT vy VDM 7
TDICHWBN D, Fig 2 1%, HAERA & AR O Bk
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Fig. 1 Magnets arrangement.
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Anomalous Hall effect in thin films of altermagnet a-MnTe grown by MBE
Univ. Tsukuba, °K. Shoji, and S. Kuroda

E-mail: s2420361@u.tsukuba.ac.jp

a-MnTe (NiAs structure) has been known as an antiferromagnetic material with zero net magnetization.
However, it has recently been suggested that the magnetism of a-MnTe should be classified as altermagnetism
due to the breaking of the inversion symmetry with respect to the positions non-magnetic Te atoms in the NiAs
structure[1]. The peculiar properties of a-MnTe as an altermagnet have been experimentally demonstrated by the
emergence of a finite spin splitting[2] and the anomalous Hall effect[3], even with zero net magnetization. In this
study, we performed Hall measurement on o-MnTe thin films in order to clarify the origin of anomalous Hall
effect. We successfully grew a-MnTe thin films by MBE by optimizing the growth conditions such as the Mn
and Te fluxes ratio and substrate temperature.

MnTe films were grown using MBE by supplying Mn and Te flux onto InP substrates. The substrate
temperature Ts was varied in the range of 260 ~ 400°C, and the Mn and Te flux ratio was varied in the range of
Te/Mn = 2 ~ 10. The crystal structure was examined by X-ray diffraction (XRD). The electric transport
properties were characterized using Physical Property Measurement System (PPMS).

Figure 1 shows the XRD 6-26 scan of the a-MnTe films grown with different Te/Mn flux ratios at a fixed
substrate temperature Ts = 400°C. As shown in the figure, the mixed phases of y-MnTe, a-MnTe and MnTe;
were formed at a low flux ratio of Te/Mn = 2 while only a-MnTe was formed at higher flux ratios of Te/Mn =
8-10. We performed the Hall measurement on the film of pure a-MnTe phase grown with the flux ratio Te/Mn =
10. Figure 2 shows the results of Hall measurements at 2K and 300K with the application of magnetic field
perpendicular to the film plane. As shown in the figure, the Hall resistivity was almost linear with the applied
magnetic field, but hysteretic behavior, which is considered to originate from the spontaneous anomalous Hall
effect, was observed only at 2K. The emergence of the anomalous Hall effect is similar to the previous report[3],
but the shape of the hysteretic curve looks different. The origin of the observed hysteretic curve will be discussed

at the presentation.

[1] L. Smejkal et al., Phys. Rev. X 12, 031042 (2022). [2] J. Krempasky et al., Nature 626, 517 (2024).
[3] R. D. Gonzalez Betancourt, et al. Phys. Rev. Lett. 130,036702 (2023).
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Fig. 1 XRD patterns of the MnTe films grown with
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Fig. 2 Hall measurement of a-MnTe on

flux ratios Te/Mn = 2-10 at Ts = 400°C INP(111) at 2K and 300K
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Temperature Dependence of Magnetic Switching and Spin Valve Behaviors in
MnAs/InAs/MnAs Double Heterostructure on GaAs (111) B
°Md Tauhidul Islam® *, Van Thuan Pham?, Soh Komatsu!, Masashi Akabori!
1 Japan Advanced Institute of Science and Technology
“Email: s2220008@jaist.ac.jp

Ferromagnetic (FM)/semiconductor (SC) hybrid structures have gained significant interest in
semiconductor spintronics due to their potential use in spin field-effect transistors (spin-FETS). In our work,
we have developed MnAs/InAs-based hybrid systems, which have demonstrated promising performance in
lateral device applications [1]. However, the channel length in such configurations is constrained by the
limitations of lithographic techniques. To address this challenge, we prepared vertical MnAs/InAs/MnAs
double heterostructures (DH) on GaAs (111) B using molecular beam epitaxy (MBE) [2], where the InAs
channel, positioned between MnAs source and drain layers, allows its length to be precisely controlled by
adjusting the thickness of the InAs layer during growth. For MBE, the standard growth temperature for InAs
is approximately 480°C. To fabricate DHs using MBE, the whole growth process was performed at low
temperature (LT) (~250°C) to align with the optimal conditions for MnAs growth. There have been some
previous works related to similar tri-layer system [3], and non-local spin valve measurement using
MnAs/InAs systems [4,5], but no report on vertical spin valve
fabrication (VSV) and measurement using this DH structure. Thus,
we fabricated VSV device from the DH to examine the spin
transportation potential of this novel structure.

The MBE grown DH consisted of approximately 400 nm InAs
channel with about 75 nm top and 150 nm bottom MnAs layers.
From the magnetization measurement of the DH, we confirmed

104 —95K

Normalized magnetization (M/M,)
. o
o

distinct magnetic switching behavior of top and bottom MnAs layers 1.0 (@)}
(Figure 1a), required for VSV operation. Different magnetization 200 -100 0 100 200
switching can be recognized by the double steps in the hysteresis L A
curves and easier switching was observed at higher measurement = o] 530 A/
temperatures. We fabricated VSV device using the DH with the help ‘é— 0010{ 280K i 2AR

of electron beam lithography (EBL) and Ar* ion dry etching, which g 0.0051——240K / k

we presented in the past meeting [6]. We measured the device with i 00 ‘*“"‘"”"’*Y// NPT
AC lock-in technique at various excitation current and temperatures. §ZZT: “\// |
Clearer spin valve signal was observed, and a significant influence n:%-°~°15- __________________ (b)
of temperature was found (Figure 1b). Lower magnetization 00204 —— . gk
switching field (AB) at higher temperature aligned well with the Magnetic field, B (mT)

DH’s behavior. Increasing signal amplitude (2AR) with temperature

emphasized on the impedance mismatch effect between the FM and ~ Figure 1: (a) Magnetic switching
SC. A strong correspondence between the DH and VSV therefore behavior and (b) SV behavior.
highlighted the integrity of both device fabrication and measurement

processes. A maximum spin injection efficiency of ~1.6% was extracted from the SV measurements, showing
promising potential of this unique structure and device for vertical spin-FET realization.

[1] M. E. Islam et al., AIP Advances 9, 115215 (2019).

[2] M. T. Islam et al. Jpn. J. Appl. Phys. 63, 01SP40 (2024).

[3] M. Tanaka et al., J. Crystal Growth 227, 847 (2001).

[4] R. Adari et al., Appl. Phys. Lett., 97, 112505 (2010).

[5] D. Saha et al., Appl. Phys. Lett. 89, 142504 (2006).

[6] V.T. Pham et al., The 71st JSAP Spring Meeting, 25a-P01-49 (2024).
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Rectification effect and spontaneous voltage generation

in superconductor MoGe/ferromagnet NiFe bilayer

BIZEE MoGe/BEtE NiFe ICHITHBFRDHREBREEER
Dept. Appl. Phys., Univ. Tokyo', RIKEN CEMS?,
Inst. AI and Beyond, Univ. Tokyo®, AIMR Tohoku Univ. *,
Koyomi Oshigane', Hiroki Arisawa'?, Eiji Saitoh"***
WRAI !, #HF CEMS?, XK BAI®, Bt X AIMR?
& XA, FRER Y, BRERE
E-mail: oshigane-koyomi628@g.ecc.u-tokyo.ac.jp

The rectification effect, where the resistance differs depending on the forward or backward direction of
the applied current, enables the conversion of a.c. electric fluctuations into d.c. voltage. In conductors without
junctions, the rectification effect typically requires the breaking of spatial inversion symmetry in the atomic
scale due to the short coherence length of electrons in solids.

In a type-II superconductor, topologically protected superconducting vortex strings are generated and
annihilated only at the surface of the superconductor, and the broken spatial inversion symmetry at the
superconductor’s surface affects the transport properties of vortex strings, which does not require the
breaking of spatial inversion symmetry inside the superconductor. In particular, it has been reported that a
MoGe thin film fabricated on a ferrimagnetic insulator Y3FesO12 (YIG) exhibits nonreciprocal vortex motion
due to the broken spatial inversion symmetry at the MoGe/YIG interface, resulting in the nonreciprocal
resistance [1].

In this study, we demonstrated the rectification effect in a MoGe thin film on a ferromagnetic metal NiFe.
By applying an in-plane magnetic field to the MoGe/NiFe bilayer and measuring the resistance of the MoGe
layer (Fig.1), we found that finite nonreciprocal resistance appears in a magnetic field where vortex strings
are mobile (Fig.2). We also demonstrated that d.c. voltage is spontaneously generated in the MoGe layer even
without an input current (Fig.2), and revealed that the voltage originates from the vortex motion reflecting
the asymmetric magnetic environment at the MoGe surfaces. Furthermore, by measuring the spontaneous
d.c. voltage generation and nonreciprocal electrical response in three bilayer systems, MoGe/NiFe,
MoGe/YIG, and MoGe/SiO,, we revealed that the spontaneous d.c. voltage generation is correlated to the

nonreciprocal electrical response [2].

Fig.1. Schematic illustration of measurement Fig.2. Nonreciprocal resistance and d.c. voltage in
B MoGe/YIG and MoGe/NiFe
-
MoGe\‘ _ MoGe/YIG MoGe/NiFe
: M ﬁ § 8~05F Vortex liquid - Vortex liquid
NiFe . Sl phase \/\ phase ~~ /)
f = Sea 00 — — —
\SIOZ P 828 V
\\\\ : : § 2 -05¢E L 1 C 1 1 1
s i
N 9
§_ of | -
93 0 s B
A i
o 1 1 1 1 1
-5 0 5 -5 0 5
B(T) B(T)

[1]J. Lustikova et al., Nature Communications 9, 4922 (2018).

[2] K. Oshigane et al., Applied Physics Letters (accepted, 2024).
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BREGERAEUNLTICEITERES T.ERANROKRTF
Coexistence of multiple 7. modulation effects in high-7. superconducting spin valves
BAXE °(D)FHE Fih, /IF R, HA B8, 1L BE
Nagoya Univ. °(D)Tomohiro Kikuta, Sachio Komori, Keiichiro Imura, and Tomoyasu Taniyama

E-mail: kikuta.tomohiro.e8@s.mail.nagoya-u.ac.jp
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Figure 1 : In-plane magnetoresistance measured around 7. for (a) PCMO(50 nm)/YBCO(25 nm)/PCMO(100 nm),
(b) LCMO(100 nm)/YBCO(15 nm)/LCMO(50 nm) and (¢) LCMO(50 nm)/YBCO(25 nm)/PCMO(50 nm).
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Comparative study of gate-modulated quantum interference effects in
(001) and (113) GaAs/AlGaAs quantum wells
Sch. of Eng., Tohoku University!, Grad. Sch. of Eng., Tohoku Univ.?,
Dept of Phys., Univ. Regensburg.?, Dept of Phys., Univ. Wellington.?,
CSIS, Tohoku Univ.4, DEFS, Tohoku Univ.5, QUARC, QST®
O T. Usubuchil, T. Kawano?, M. Prager3, D. lizasa?, M. Kammermeier,
J. Ishihara?, S. Yamamoto?, D. Schuh?, D. Bougeard?, and M. Kohda? 57
E-mail: Usubuchi.Taisei.r3@dc.tohoku.ac.jp
Persistent spin helix (PSH) state [1] induced by Dresselhaus [2] and Rashba [3] spin-orbit interactions
(SOIs) in 1I-V compound semiconductor quantum wells (QWSs) is one of the most important states,
because the PSH state provides spin manipulation and long spin lifetime simultaneously. Recently, it has
been predicted that such PSH states also emerge in QW planes where at least two of the Miller indices
agree in the modulus [3]. In particular, the PSH state in a (113)-oriented QW is attractive because it is
expected to be a more stable spin state than that in a conventional (001)-oriented QW [4]. However, the
observation of the PSH state has been mainly focused on (001)- and (110)-oriented QWs [5,6]. Here we
compare the gate-modulated quantum interference effects in (001) and (113) oriented GaAs/AlGaAs QWs.
Two GaAs/AlGaAs QW structures have been grown by molecular beam epitaxy onto the GaAs substrate
with two different crystal orientations; (113) and (001) planes. These GaAs QWs have identical structures
except for the crystal orientation and were designed to be the PSH state in the case of a (113)-oriented QW.

We have measured quantum interference effects in (001) and (113) oriented GaAs QWSs at 200 mK. Weak

anti-localization effects in (001) and (113) oriented 113 o (001) o
GaAs QWs at different carrier densities (gate voltages) B ::55 . "’\\:\i’_i]:w |
are shown in Fig. 1. Despite having the same carrier ngg P A
density, WAL was consistently observed in a \\\yMEE ~iW ss3

(001)-oriented QW, whereas transition from WAL to "j\\//ﬂﬁgs N

7.50

WL was observed in a (113)-oriented QW. This VEZ 1"

L P "] 5.42
v 5.47
Tor om0 om o1

indicates that the PSH state is realized in a

(113)-oriented QW. Then we will discuss the analysis ) ) )
Fig.1: Magneto-conductance with different

results in (001) and (113) oriented QWs. . . )
carrier densities in the (001) and

[1] J. D. Koralek et al., Nature (London) 458, 610 (2009). )
(113)-oriented GaAs/AlGaAs quantum well.

[2] G. Dresselhaus, Phys. Rev. 100, 580 (1955).
[3] E. I. Rashba et al., Sov. Phys. Solid State 2, 1109 (1960).

]
]
]
[4] M. Kammermeier et al., Phys. Rev. Lett. 117, 236801 (2016).
[5] D. Tizasa et al., Phys. Rev. B 101, 245417 (2020).
]

[6] Y. Ohno et al., Phys. Rev. Lett. 83, 4196 (1999).
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Thickness dependence of current-induced effective magnetic field
acting on domain wall in SrRuQ;
CKanata Nakamura, Tomoki Shibata, Takaya Koyama, Tetsuya Uemura, Michihiko Yamanouchi
Grad. School of Information Science and Technology, Hokkaido Univ.

E-mail: kanyagon258@eis.hokudai.ac.jip

Spintronics devices using current-induced domain wall (DW) motion have been attracting much attention
for next-generation memory and logic. Topological Hall torque (THT) is a candidate of the driving
mechanism because it can reduce the current density required to drive DW [1]. The THT originates from the
Weyl points, and current-induced effective magnetic field Hefr acting on a DW is explained well by the THT
in ferromagnetic oxide SrRuO3 (SRO) [2]. However, the relationship between the Weyl points and THT
remains to be experimentally elucidated. A previous study shows thick SRO films exhibit positive
magnetoresistance (MR) reflecting existence of the Weyl points, whereas MR turns to negative with
decreasing SRO thickness [3]. In this work, we investigated Herr and MR in SRO with various thicknesses to
clarify it.

15, 22, and 30-nm thick SRO films were grown on miscut (~2°) SrTiO3 (001) substrates by using pulsed
laser deposition. The films were patterned into Hall bar devices with 200-nm wide channels and a pair of
Hall probes. A 200-nm wide Au/Cr line (Oersted line), which is orthogonal to the SRO channel direction,
was defined on the channel. After preparing a DW in the channel by applying a current pulse to the Oersted
line, we measured modulation of the propagation field H, of the DW by H.sr under various current densities
Js (-3.2x10° A/m? - 3.2x10° A/m?) and at various temperatures (115 K - 135 K). The H, decreased almost
linearly with increasing J; at each temperature, from which we determined generation efficiency #y of Hesr
per J . The device having the thicker SRO film shows the larger #; at a given temperature, and #; had the
maximum at 125 K with respect to temperature for all the devices. Similar temperature dependence of #; is
observed in SRO, and it is described well by a model based on the THT [2]. We also measured MR under a
perpendicular magnetic field of up to 7 T at 1.8 K for the Hall bar devices in the same wafers. Although all
the devices show negative MR, magnitude of MR decreases with increasing thickness of SRO, which is
consistent with the previously reported thickness dependence of MR reflecting contribution of the Weyl
points in SRO [4]. These results suggest the thickness dependence of H.y is related to blurring of the
contribution from Weyl point in the thinner SRO film.

This work was supported in part by JSPS KAKENHI (22K18961), MEXT X-NICS (JPJ011438), MEXT
ARIM (JPMXP1224HK0020), and JST CREST (JPMJCR22C2).
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Estimating parameters from magnetic domain images with different imaging scales
using machine learning
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VORI DEGRE A FESEDLZENEETHD Z EARIES NS,

@ o A% 4 .
512px A g 05Hm 1 A ?
/o (-— . o 308 - Mopm [T 2 £
2um - .’ resize Y .,' 2um = 1.5 tm j | =08 ’,*
512px 1 OriginalJ —_— 2.0.um l 128px n% 0.6 20pm - 5*% -
i 0.6 K
oK 'a | testdata — o P . ¥ %0.5pum
WV cut & resize g 02 i I §0.4 ® A1.0 um
FETE 4 4 _
- - = I P g X 01.5um
o € ol 1 ol 5o R R R RS S-S 220 hm
15um (IL5um g0, 128X g5 S 02l 1 f i {3 ] '
< M 12spx A2 ) : § ) = il £ o o
:W‘ ( X 7] 00 02 04 06 08 10 @ 9 02 04 06 08 1
= R~ Set val. DSET [md/m2] = Set val. D°ET [mJ/m?]
Fig. 1 Process of producing training and test data  Fig. 2 Trained on a group of 2.0pum square images and
from original magnetic domain images. estimated each of the four respective scales (a).

A group of images of the four scales was trained together
and each of the four scales was estimated (b).

[1] M. Kawaguchi et al., npj Computational Materials 7, 20 (2021).
[2] S. Kuno et al., APL Machine Learning 1, 046111 (2023).

[3] H. Y. Kwon et al., Science Advances 6, eabb0872 (2020).

[4] A. Watanabe et al., arXiv: 2408.12181 (2024).

© 20255 [CHMEES 08-073 10



15p-P07-12 B2 ORAMESABETLHARE BATHE 2025 RREMNAS HEF 1>/ 284V F1Y)

ER2BEIZETIREVE— Ry IBRERERILUX FHIRDBE
Separation of spin Seebeck and anomalous Nernst effects in two metallic layers
EHIX, °@)/hHE Kt R Hz HI Bt
Toyota Tech. Inst., °D. Oda, H. Awano, and K. Tanabe
E-mail: sd21024@toyota-ti.ac.jp

A B =Ry 7 G (SSE) [111E, B & E4EEO 2 Gk L, IREAEZ N
5L TRBANERT HBBEBLBRIALD | D ThHDH, ZORENIL, EREIERENORE AR
L, BE@EENTHEESND, —FH., BHEOBSR L LT, BEXL X MR (ANE) 23H
Do ZORRIL, TREEMERENOIRE AR A L, SR TEE DB ET LHLETH D,
ZO2ODMBITEFELE R b00 BENEZPEEL TRIHSND Z &L, LAL SSE
D2 D 2 7-D121%, SSE HURDEE ) 2T 2 0N H 5, T E TORATII
IZH W T, Kikkawa O I ZHRBEMEMERE (YsFesOn: YIG) & ifdlt4 @8 T % NiFe J8 o 2 Jakis
IZBWT, BURER|IZIERT 5 Z L TSSE & ANE O4BEICKII L TWA[2], LirL., @@ 2 &
B Z I T o L 72 gefliZ 72wy, & 2 CHx 1%, Kikkawa © OBFFEIZHE-SWT, @RISR L
B & ACE B Z M2, ANE BRIZEIT2EE &, ANE & SSE O ERICE T b it
WAZFNT 52 LT, SSE BMOEEN LT 2 FE2RET 5, £ L TAFIEL GdCo/Pt
D2 &R LRI W THET 5,

VERL U 72 5lBHMEE 1L, DSisN4(10 nm)/ Amo-GdyCoix(30 nm)/ SisNa(3 nm)/ SiO» glass sub.33 L U@
Pt(10 nm)/ Amo-GdxCo1-x(30 nm)/ SisN4(3 nm)/ SiO; glass sub. T 5, Amo-GdCo &L, = A/ Ny Z ik
(Z R VR U 7o, MRAREEIE T 0L 3 — 43808 X BT L 0 JIE L7z, &3UEHC BV, d
PIZER A FIINT 2 2 & THE — X ZRE(E,,/VT) % EEICEGRZFIINT 5 2 & CRE &
(o)1= 0 DEES (EL/j)Z M Lz (Fig. 1), 20 4 SORGEFREFICK LT, WHIEKET L
BEO WE, mAGTROMEIOFET 2 ET D2 & T (Fig.2), x=28at%D & &, SSEIZLD
Y — X 7R BT Ep/ (VT gaco = 0.23 uWV/K 5 L HHT 25 Z L3 TE 72, GdCo DOFAAKAFME
REDOFEMIL. YHHMET LI TETH D,

03 ®=
_0r QEmTmET, °® ®)
T 01 F AQ
= —
<01
03 N -
45 <10 5 0 5 10 15 =1} o
H (kOe)
Fig. 1 E1/jo as a function of magnetic field. The Fig. 2 (a-b) Equivalent circuits of measurement setup
circle and triangle indicate Gd2sCo7 and Gdas for heat flow in in-plane and perpendicular directions,
Co7./Pt, respectively. respectively.

[1]1 K. Uchida et al., Nature 455, 778 (2008).
[2] T. Kikkawa ef al., Physical Review B 88, 214403 (2013).
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Mn-Ga RAIGRICETH5RDRERIL VR FHRDBEKFNE
Temperature dependence of negative anomalous Nernst effect in Mn-Ga ordered alloys
BURK', NIMSZL, BFK?®
OHFE BB ™, X#0 #— 2° Patel Akhilesh Kumar?, &L #% 2, #H BEN?

INGE FE S, BRBE #A5R 2
Univ. of Tsukuba !, NIMS 2, Iwate Univ.? °Satoki Tazawa!-3, Koichi Oyanagi>3, Akhilesh Kumar
Patel?, Ryo Toyama?, Keisuke Masuda?, Satoru Kobayashi®, Yuya Sakuraba'-?

E-mail: TAZAWA.Satoki@nims.go.jp

Thermoelectric conversion technology has attracted significant interest for the electric power generation
from waste heat and heat flux sensing applications. The anomalous Nernst effect (ANE) is one of the
representative magneto-thermoelectric phenomena, generating an electric field perpendicular to an applied
temperature gradient and magnetization in magnetic materials. The ANE enables much simpler
thermoelectric module structures compared to conventional one based on the Seebeck effect; a lateral
thermopile structure connecting two magnetic materials with the positive and negative anomalous Nernst
thermopower (Sane) increases the serial voltage [1]. However, a critical issue remains for realizing ANE-
based practical applications; only a few materials with negative Sane have been reported. Moreover, a
material with large magnetic anisotropy is also important to stabilize the residual magnetization.

The sign and magnitude of Sang are determined by the sum of pxxafy and -Ssk py/pxx, Where, afp Pyxs Prx, and
Sse are the anomalous Nernst conductivity, anomalous Hall resistivity, longitudinal resistivity, and Seebeck
coefficient, respectively. Zhou et al. reported that a Mn-Ga binary alloy exhibits negative Sane and large
magnetic anisotropy and revealed that afy is a key parameter that determines the sign and magnitude of Sang
in the Mn-Ga alloy [2]. The study also suggested that an intrinsic mechanism originating from an electronic
band structure dominates afy. However, the detailed analysis of the origin of ANE-based on the low
temperature measurement for the Mn-Ga system has not been reported.

In this study, we investigated the temperature dependence of afy for the Mn-Ga epitaxial thin film to deepen
our understanding of the mechanism of the ANE experimentally. The composition of the Mn-Ga alloy was
adjusted to be MnssGass as it showed large negative Sane in the previous study [2]. A 50-nm-thick Mn-Ga
film was grown on a MgO substrate using a magnetron sputtering system. We measured Sane, Ssg, pyx, and
px at the varied temperature from 90 K to 300 K and evaluated the temperature dependence of afy. By
decreasing temperature, the afy decreased, but sharply increased at around 150 K. Scaling analysis of py.
revealed the intrinsic mechanism was dominant. This analysis paves the way for further enhancement of
negative Sane in the Mn-Ga systems.

References

[1]1Y. Sakuraba et al., Appl. Phys. Express 6, 033003 (2013). [2] W. Zhou et al., Appl. Phys. Lett. 118, 152406 (2021).
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BEEBEDN)OD LD 54 FEEHBEEO/ER L
b 2 R IVIGRFE D
Preparation of BaFe;01y/Pt films with perpendicular magnetization
and evaluation of tunneling conduction properties

OM2) B3 FERT, HTF HE', /MR &2

N OB RIR BE, £E W' @&IKRI, KRR

OR. Adachi!, M. A. Tanaka', H. Komiyama?,
T. Ono?, T. Hihara!, and K. Mibu' (Nagoya Inst. Tech.!, Kyoto Univ.?)

WRES - BW

EEDRE nm OBBMEH BB REE TN b RADERTEBRT BEE, BFRHORE IR0 TH
SHNER D FBREENRR D720, BRLIEETOAE NUFEBNAAETCS. ZOBGII N VAT 41
H =R LI, AR L EEFROARFEE LTRHHTES V. N AT T A hBaFe2Oro,
BaM)iZ % = U —IBEEN & < c Bl G MICEmBE AR 2R T. £72 Pt(111) ET el F MR S5 &, K& 721
BERREGTEETRTZ ERMESIN TS 2, KBTI, BEBLO bR VRIAE T 0 V2 —5h R OB
WA C, Pt oDl i, TR L, Fim EH MO B BaM IO /ERLE BaM #EIC KX D b R B D8]
% BACHFE R 4T - 7.

ERFGE

o -ALO3(0001)FMR_FIZHE 1 B — A FIE TP E R L7212, LA L—F —HEFE(PLD){% C BaM %
% 300°C CHIUME L C Pt (20 nm)/BaM (7 nm)iE 2 /RS L 7=, SR IC 900°C T 90 2y DARIMR T = — VALEL %
T BaM DOffEEZITo 2. X MIEYPTEEEIC L 2Bl O, SQUID fiIRFHT K 5 EE MK S D
FEATG, B OVR [T BB AFM)IC & 2 RSOl 41T >7-. F7- Pt (20 nm)/BaM (10 nm)/Cr(5 nm)/Pt (3
mEED LB b RNESHEFEREL, 73 MV ITT T4 =R ArAF IV I TEHAE 5umD k>
FNEEFETEERLC, REMEOFMEIT 7.

FBRKER

Pt (20 nm)/BaM (7 nm)# D BaM HEIIMEE 5 12 c B35 2 & 3o 7z, 72 Fig. 1R IR EE
FOHEANF A ORALFRO X 512, BaM BITEREMK R T HEEZ R L, TORGETFALF—1L 1.7 MI/m? 2R L7z,
Fig. 2 D AFM BIZ40 5, IO PR FREM S 13 0.5 nm F2EE & BRI C, BV R — M EAER Dotz =
NHEOZ LN LERRHEE REFPEHENRWER TH D Z ENRbho Tz,

Fig. 312 b RS FFOBEERBIE O EEZRT. N RNGEZ RT3 WA R Z LB S iz, A
U7 mEE% 1.2eV EGE L, Simmons DX A FHWZMIT LD, P x AN TE XL 52 nm &EHEE I 7. BaM 7#
RO 10 nm 2 E 2 5 & R RIF2NRY TRERENTWA Z EB¥bnotz, K TIE, b r/URE
OREIRE RN (100~300 K) DFERIZHONWT HHET 5.

600 . . 0pm 1 2 3 (nm) 100
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%’ '/:/. i 50 = 50+
2 e . &
5 o 7 Yoo
T e/ E
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Fig. 1 Hysteresis loops of the Pt/BaM film.  Fig. 2 AFM image of the Pt/BaM film. Fig. 3 Current-voltage curve of
the tunneling junction.

L 2D KN

1) J.S.Moodera et al., Phys. Rev. Lett. 61, 637 (1988).
2) M. Ichinose et al., J. Magn. Soc. Jpn. 23, 1205 (1999).
3)  A.Morisako et al., J. Magn. Soc. Jpn. 23, 1217 (1999).
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MBE s%I= &k Y S L 1= Mn 500 NiAs & CrTe 4E:E R UR{b4F1E
Structural and Magnetic Properties of Mn-doped NiAs-type CrTe fabricated by MBE
FURKEEY P& LA C4E B RA KA
Grad. School of Pure & Appl. Sci., Univ. of Tsukuba, Hiroto Akiyoshi, ®Ken Kanazawa, Shinji Kuroda

E-mail: kanazawa@ims.tsukuba.ac.jp

Forld, PEEAE Y brn=7 2T AOFEFUTANT T, EEREOBM TR E G LHH e
BEBILAEYOWEREREIT> T D, A CIIEHIEESRSBLAYH TH D CrTe |2 Mn 2k
U723l 2 fERE U | Al A & LR 2~ T 5, A ENE NiAs B CrTe ZRHA L LT, FEx
72 Mn #Z A3 %5 NiAs Z(CrMn)Te EE 2 AFR L, Z ORMbRHET K OMRERE 2 51~ 72,

CrMnTe MED/ERLT Sy FHE— % %3 — (MBE) JEIC L - TiTo 72, GaAs Mtk Bic THifg T
B 7% CdTe 29 600 nm f&fE S 7=, AR (Ts) = 250 °CT CrMnTe 8% Cr & Te D4y ik
A ELL[Cr:[Te]=1:30 T—E LW H ST, Mn & Cr & Oy HRHFAEE[Mn]:([Mn]+[Cr]) ~ 0 —
15 %D T Mn Z M L7z CrMnTe {EEAZERL L 7=, ZD#%, 7T=— NV OEEEFHH7-D, {E
LA BO—HZE 0 L, MBE % >/ \—OHEZEN T 500 °C. 30 M0 7 =— L AL
AT o Tz, AentE ORI TS i E BRI T (RHEED) & X BRI (XRD) % . B RFME D FEA
WIS EE T N1 A (SQUID) # 7=,

Figure 1 1, AHFZE TIERL L 72 Mn11.2 % CrMnTe J&fR (25t L 7 = — L% CHIE L7= XRD O
RThD, KPR TR LA NiAs & CrTe O 0000 H 2S5O E— 7 fLEEF L TEY
T == I Lo TE—=7IRDBELL 725 TWD Z D, NiAs B(Cr,Mn)Te O a e 1w E L7
LEZ D, Figure 2 1A OFEHI R L, AL OIRERGNE (M-T #ifr) 20E LR Th
Do 7ed, BT R ) LIEEIZ 500 Oe HIM L TW5, 7 =—/WZ X - TIRIE TORML
X35 — 05 T BB ERRREIREE (Te) 130 180 K 22 B 260 K IZ EF-T5 L W O FERAE BN
7oo LLEDFRERG | HBEMERERILE Y NiAs B CrTe (RO TLHE Mn 35 MER < TS
IS5 Z & T, HipBEERF DR S VRS IRE S ER L 2 ERm s, YA
VIR DBEGEAFYE (M-H #i#R) <0 fthod Mn #LEROFER R L, KV FEMICOW g7 D,

K T — 3.5
| 0, > 0
. Mn11.2% CrMnTe E 304 As grown Mn11.2% CrMnTe
. | ‘o 25-
= |
3 ﬁ : X 2.0
E s
__g- i : 2 1.5+
aC, Annealed g 1.0 Annea|ed
E 5 -
éo 0.5-
- 0.0- T T T T T T T
20 30 40 50 60 70 80 90 100 110 e grown 9 199 139 2ne 250 % on0
20 (dogree) Temperature [K]
Fig.1 The profiles of XRD 6/20 scans of as-grown and 500°C-annealed  Fig.2 The result of temperature dependence of magnetization
CrMnTe films containing 11.2% Mn. Green dotted lines indicate measurements (M-T) for the CrMnTe films. The direction of
peak positions from the (000n) planes of the NiAs-type CrTe. the magnetic field was perpendicular to the film plane.
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R4S FEREIZTER L= NIFeMo SBIENZEMIEA M

Induced magnetic anisotropy of NiFeMo films fabricated on polyimide substrates
AXEBREL ', BXETL 2 OM)#ke BE', & 17N
Nihon Univ. 2, °Shungo Awaya!, Yoshito Ashizawa?
E-mail: cssh24003@g.nihon-u.ac.jp

FLOHIZ FF, TrF TSR BICERUEERE o IC K b EAB R L, FFO
i%%%%mﬁéﬁ%ﬁ%%mbfwéMlwa,7v%y7wgmi*¢%bt%ﬁ
IZRWTIE, BB BN U 7o S o A7 MR SRR R T M 5 S 5 7
& BBV EOWER L BT DA R T 2 E RSV, T AL, BEMEEE ORISR
PEICRBE 5 X DT LTT7 L U7 AHERER O v —/WIc L 5 8EHIEICER L.

7V%/7WEW®B~Wﬁﬁmm&%®Exﬁﬁam_ JEIRSRSC0Y v 7 R E OB
PEEIZ R GERAE T TWD Z & T, MMEERICEKOT A0 RN RAE L T2 AlRetE:
ﬁ&é.%_f;7v%y7w%W®§E7mﬁzﬁ@ﬁﬁ#&éﬁﬁ@@i%¢L E&n
B LTz,

EBRGE  WEHTITBA SR EICEN D NigsFernMo, A2 VY, RF w7 % hr i ARy
ZEEZANT, 7 X7 VM EIZ 50 nm BRI L7, FERRICIE, Yo 7RO RHED R
LTRSS TWERIA IR (HL - ?“:L‘J‘\o‘/ﬁﬁé : Kapton EN) Z 7=, {ER L7
AEHTI, Bt & DRI ZRIE I X DFERRE T HERBLOMRG & LT, flix OB
FINSRIEIZH VT, R 450 °CT 30 %) ﬁ@%@%%bt R ORSRFEIS, HREEURHR
11132 FV T MD KON TD O RIN 2 J7 17 Z2301E L7-.

ERLEEE MRS I T 4507, 30 5 O VD= 1)

WA U723 U A X R A L NiFeMo #i5E @ e '

DWW, SR D47 Tkt D e 4 . ha
Figh loid. MEHCIXTD A e 258 S+ + + . L
[EAETYER R S, BB DRSS EIINLL '
SAOEPRIC L BERE G B ST, i)

TR B EIFOIRIEINT X B -
K& U TERIC X B RITHIRISENNC & 523 Magnetic field [kA/m]

DFREMERRENEEXHND. Fig. 1 Magnetic properties of an annealed
BTk NiFeMo thi.n film fabrigated on a polyimide

substrate with a magnetic field to parallel to
[1] R. Asai, et al., J. App] PhyS, 120, 083906 (201 6) MD and TD, respective]y_

[2] H. Matsumoto, et al., Appl. Phys. Lett., 114,
132401, (2019).
[3]1 LA fth, 2023 45 73 RIS AP BL S S E TS, 16p-PA09-9, (2023).
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64" Y-cut LaNbOs; E#RIZRKIE L 1= Co EEDFEREEREM

Crystal structure analysis of Co thin films deposited on
64° Y-cut single-crystal LaNbOgs substrate
SIRKL, KEXBE? BN —H! EF BF2 £l HAIL LEH BN
Kanazawa Univ. !, Gifu Univ. 2°Kazutoshi Shimamura?, Saki Shikano?, Hironobu Sugiyama?,
Keisuke Yamada?

E-mail: shimamura@se.kanazawa-u.ac.jp

SRIEPEIR DS 9 2 WAL O - ZZ3RICiE, BHROB, S, B e AN O IRREMEIRIC/ER &
HHUENRDH D, ZHE TEOHINT S FIEIL, TRELSCIED D OB ERANER TH
STz, WA, FER LRI CHE SN2 EE NS Z L TH, MEORIENEBR ST
W5, BRIZ, FERE OITMEEIE L L TIES MR Z IS Fe <° Ni, FenNip G544 128" Y-cut Hiff
fin LaNbO3 (128° Y-cut LNO)HAR FIZ A /X Z BRI U 7= 35512 Fp i N 5 [0 — dilid S 5 7 P 3
FRINDZEERELTVD[L], ZOFHL S NIRRT LIRS/ fb i & R DEDOR
FRIT, RIEFEME I N TR, RFERTIE, MidbEE L L O RERIE(hep) s Co & vy
T, 647 Y-cut HfEAE LNO J FIZ A Ry ZERiE L 7= Co FEBE RS bt iE & BERFFEIC DV Tl
Nz, FOIRERED . BREOHEBIC OV TCEERZIT 9

YT FR bu ANy B TR (ESA N — A EZERE 4.7X10% Pa, =) & T 64 Y-cut
LNO &R FIC A L7255 5.0~20.0 nm (Bl L — b 2.2 Alsec) > Co A FH-AMIZ VM,
VSM % AW RACIIE ORERD B AV 7 T AT B St T 7 A R bR e
DMEIE L, FERE NI — R R TR R LD o
Lotz HEEE X SR OREF2> 5, hep Co
(002 & — BT 58— (HPFLE 240 =
44.6652°) NEHNIZ LD, mEAPED hep ffik A
ALTWLZ Db, 20D CoDE—7 &
64 ° Y-cut LNO Hifh g SR DBIfR 2B H 2823 5 B
T, Fig. 112" F 2 OTIRIGSHE 1~ » 7 ORIE 217
o7z, ColZxf¥ % 64" Y-cut LNO @t —27 DRIfRAN
e O BTz, FFRY HIL, 64 ° Y-cut LNO JEAR D 7
&L Co &Rl L=k D “ RTINS -~ v 7D
I E AL B O el s & K TEOREMRC, Co DRI AIC
kL CHi i X &2 n 9 2 & Cofil dh OB 1) O 5 1A 12 B
LTy L, — R 7P & OFEBIIC DV Tl
LHTETHL, Fig. 1 2D reciprocal space map of Co film
[1] M. Ito, et al., J. Magn. Magn. Mater. 564, 170177 (2022). deposited on 64 ° Y-cut LNO substrate.
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RBARBEER CrisTe BED7 ——LIC X HFEREES K URILFHEOZEL

Variations of crystal structure and magnetic properties due to annealing in a layered
magnetic material Ci-sTe thin films
FEXHEME . BITRBE2 NIMS?
Ot #lith L —& FH2LHF K& ELAK Rths, RE KAH)!
Univ. Tsukuba!, KEK?, NIMS?, °J. Kobayashi!, H. Nitani?, D. Kido?, T. Sasaki?, S. Kuroda*
E-mail: s2320345@u.tsukuba.ac.jp

1. Introduction T4, 2 IICOBMEARPNFEEH 2D TV 5, EBERBILEWD CrisTe IX, Cr X
PRSI LV FEERED 3R oeh b 2 WITHITZE L L, EAVUTHEOBEE AR~ I8 L5 Z & 03
S5NTVWDH[], Frexid, DR ¥ F2—(MBE)IZ X5 CrTe DR E 21TV, O, B
LR Z TV D, FIEIOFR[2] TiL, ERRRE R OERIREIC L D&, WbrrtEoZ %
TR, DO FENKREIREEREEZ D2 L2 R L, ARNE. IR E% RS
BT =— L& L, s & BALRHE DB L AT DO THET 5,

2. Experimental InP(111)A 4K EiZ Cr, Te Oy A2 HAG B CriTe=1:30 @ Te WEIFRIHR
(Te-rich)yDZAFETHAR L, CrTe A R L7z, METOREMRIREIT Ts=300C & L, %I Te
4y SRR T HAMGERE & Ta=350~400°CIZME L C7 =— L&t L7z, 7 =—/ L% O wfsateho st
L. XRD, XAFS, TEM (2 L Y & 27 L, F72 SQUID IZ X VW BALIIE Z1T > 7=,

3.Results XRDHIEIZ L W HNT2T =— LikBt O 1 E % Fig. LIZRT, N5 b O c i,
a B O EHI L OBAIEED 7 =— MEEIZ L 52810 %  AilEl#E O as-grown FEHZ 51
HREERERAFER] T ey FLTWD, 7 =—/LITFE ¢ 5 M OF T EE3s L O
JAOEFERHM L, Cr KIBESOPD 2 RET HFER & 70> TV D, Fig. 217 =—/LikElo X
PR S T A 1S (XANES) A X7 ML om g, A b LT =— /WL W E{k L, 400°C O7
=— L TIE AT RV CroTes IR 720K & 72 U [3]. Crli#i s 3iiiZiE-5< Z & & LT 5,
FWALRIEDFRER TIL, T=—MITfE 2 R, BREBFHEOZLN A6, T=—1I2 kb
Cr KD &\ 9 LIRTO#ME[4 & —ET HRR & e o7,

Reference [1] J. Dijkstra et al. J. Phys.: Condens.
Matter 1, 9141 (1989). [2] /IMAftL, 2024 4515 ¥ L
S FkZ= T2 19p-P06-34. [3] H. Ofuchi et al.,
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Fig. 1 Variations of the lattice constants in the c- )
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[Cu/Ni]l/PN-PT(O1) ITH T HEEMARFIEDERMR
Electric field effect on perpendicular magnetic anisotropy in [Cu/Nil/PMN-PT(011)
RXE?! OFK BN MF R HFN BB AL FR?

Nagoya Univ.%, °Yosuke Shimizu!, Sachio Komori!, Keiichiro Imura!, Tomoyasu Taniyama!

E-mail: shimizu.yosuke.y3@s.mail.nagoya-u.ac.jp

BRI GYEZ AT 2 MBENER & MEEEER N DR D R~V T 7 = a A 7 AL, WK
AFRVEDOAL Y b=l RT3 A0 EEEA, KEREMEICEL TR Y, EFEE 2%
TV, [CuNIIZERTIE, Cu & Ni DT AEEEIZ X2 5 IREAC X - CRERSE M
DHBLL, 24 FETIZ, [CuNI|ZEE/BaTIOz(001)~7 &2 BT, BRAINC X DB
PEOHENHHENA~D AL v T TEERRE SN TV B[], SRFk~ 1L, KREREECHES
7% Pb(MgusNb23)Os-PbTiOs(PMN-PT)(011) 5k E~D[CuNi|Z @D = & 2 % 2 v LR & TEE

WREFTEDOBRDRIZOWTHRAE Lo THET D,
JEEE 9 nm @ Cu, J5/E 2 nm @ Ni, FEE 1% 8 [1] D [Cu/Nils Z @I & 4y FHr = & % & 3 —¥EIC
£V PMN-PT(011) BIChfE L7e, fEBL L 72308HE, Cufd & Nifg & bic(022) Fmic e ¥ ¥ v
VR LTV 5 2 & 03 s S 7z, sUBHR B RLRS 71 51 % AV 72 [Cu/Ni]s 22 J@ I5/PMN-PT(011) D144t
WEOKE R Fig. LIRS, WEFRANBLESETHY | MEBKEGEEHT DI LR
S5, [Fl—D[Cu/Nils Z/EFE/PMN-PT(011)IZ %t L T, MEILT: Kerr Zh3RIT X 2 BE AR R 1M
DERNF A7 L7k F % Fig. 2 1283, BARIINC X - CT[Cu/Ni| 2@l o B i 5 2 5 D
WO PR END, ZOFERIL, PMN-PT JERDEARZ L > T Ni BOFEELNEMS NI &
LEDbDOTHLEEZEZLND, Y HIX[CUNIZEEDEFNFIZOWT LV EEMICERT 5,
AHBFZE D — & 1% . IJST CREST JPMICR18J1, JST FOREST JPMIFR212V, JSPS F}#Jf #¢
JP24H00380, JP24K 21732, JP23KK0086, JP21H04614 D X% %1} 7=H DT,
[1] Y. Shirahata, T. Taniyama et al., NPG Asia Mater. 7, €198 (2015).

1.5 : : : 15— : : ] ]
—@- out-of-plane 4 - 0kV/em :
1.0+ @ in-plane 1 B o ¥ . = 1.0 —& +6kViem =
(A A/ ‘q WA ‘:. ,‘-‘:4,' = —@— -6 kV/em =5
s\ I}::’/s-"':.. V" _O_,D -
0.5 !ftf:; Vv oV . (Q 0.5 -
%] o 5
> j N 4
= 0.0 0.0
05F \/n,-‘j 4 TE"’ 0.5k xg il
: W
LoD . AT — .
-15 1 | 1 -1.5 1 L 1 1
-2000  -1000 0 1000 2000 -400 -200 0 200 400
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Fig. 1 In-plane and out-of-plane magnetization curves. Fig. 2 Electric field effect on out-of-plane

magnetization curves.
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B - IEFLHGELIC K 2 EE B TSI 1T D A ¥ ik Ot 7 vk
Analysis method of spin transport subjected to the momentum relaxation due to Baber-type electron-
hole scattering
O BOE L B K BRI BES,
B REeBET L, MEARWRRPEREL A& > & —2, JROREEMT 3
©M. Sakait, Y. Koinuma?, S. Hasegawa®
Saitama Univ. 1, ITC of Tochigi Pref.2, Osaka Univ. 3
E-mail: sakai@fms.saitama-u.ac.jp

HESESLCLERICRBSINDIMER LT Y ER—FHRER T, 7oV IREET L

(LU C & 22 W BRSBTS BAE - LI LB S, B — EALEEL (LT Baber #%
B ko TR SN TWS[1-4], il TlE, MifEeR YH B\ T, #40um & 597 T 7 =
VA A DEIA AL R AW SHU[5,6],  ABFAETIL, Baber #ALIC £ % BB RLAEFIAS A E
VR G 2 D A RITHIC] O FIEE I L TV D,
FE FATAE Y OF v U YR LOEEIZIRET 5, 7L Boltzmann s ezt &5<,
Baber HUELIZ K D IEIHD =D | EHEZRHENIAE > R L 72 0 | AV UEEOMTEHE SR EETH
Do AFIETIX, Baber HEHEAE T & EFL (EMEICIZIEL ANV RICET 5EF) O 2 EO 0
B DRSS DR T T A 24 5, &7 /L O E TIL, Baber EZ2IHDO I EFE Sy EVE F &
Bl (EALANY RIZBTHEF) OARBRZICH L TAE L =) WWEICES ST, kT T
IV DORENEDFM X, 225075 & EB T T IC L o TR S ESRIEI O RA[2) & otz &
fEER  LFRAEICE T, RO RY 7 F— LB g s ng

w

1
-2 cPv2p + DPv2n 1 diviV — 0,diviP® =0 (v=1,1),

1
gd”W¢+D§W%§W+%mﬁ( —divi? =0 (=11,

Z o CeldHEBI, nPLjPIrEnER A ACKIE LEEF v U Y (=1 B, =2 0 EAL)OKE
FER L ORI TIREE, plERT Vo B AT AN T —RTF vy, oD epPirznzn
HF ¥ VY OBKSGEE R LOYLEGRE TH 0 . Baber #EL2 13 U £ LIS 0O JEE) i Fis s
EEHODHIENTED, 0,L0,0%, EBEREMA Baber BELZZ T OHEILL THY . LSO
WHRHD L 1 1L ThA2ERTRTHS (10,<1. [0,]=21), divi2iE, &% % J¥o
Boltzmann Jr#2a7% Bl IRE TRy L TR B 2R 308 BT B 2 i e th 2 IR E 5 & T
HY ., T TITHHEA B RS iR AR L TR S, ERET RS 2R Y
VE— R E2HEBEOBEME— FBEDLIL, FFl20,0,=1 TiX, 2HEHEOAE Y E—FKDYH, 1
DIFFE LS RERIEBEEZ T,

[1] Baber W G 1937 Proc. Royal Soc. London A 158 383

[2] Maldague P F and Kukkonen C A 1979 Phys. Rev. B 19 6172

[3] Li S and Maslov D L 2018 Phys. Rev. B 98 245134,

[4] Takahashi K et al 2023 Phys. Rev. B 107 115158

[5] Sato K et al. 2023 Phys. Scr. 98 045912,
[6] Yamazaki | et al 2025 J. Phys.: Condens. Matter 37 065804
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XMCD - PEEM = & S IFREIEHICSHRE SN AWMDEHRE—+ >~ D
A o baiik s s OEE W
Trial to detect spatial distribution of small magnetic moment induced in nonmagnetic
materials by XMCD-PEEM
ERXI!, ERXEEH? OB EH BN BHFF M, B xHE FL', KARN Ak
Dep. Eng., U. Hyogo !, LASTI, U. Hyogo?,
°Yusuke Fukuil, Tsukasa Imura?, Yushi Sumidal, Takuo Ohkochi?

E-mail: gdesign 10@icloud.com

ITHEDBEBOMELIN G 72 DEMEIRE AT A ADOBFITIB T, JTERIBRINAI D2 iR
BIYMEEZ ONCT B FENHLSND Z EITEERFETH D, FIICAE S fr=7 AT N
A A TITIEBENEIR 2 18 L CORKAHAEHRLA E Ve N EERER 2 R L T0D,

12 ColCu ZJBIEIZE 1T 5 CullFhitt S 2 B0 A X MREEA M — atkE(XMCD) /0 ) TRt
L7TemEBINZR2 ER3d 505, ZElmfme LTAFUE L7ZZBIIZNETD L ZAITE A LRV,

Z 2T, Frea ITIERERICTRE SN DM RBER T — A v N & X BREER M Mok B
(XMCD-PEEM)IZ L - TZEM RN T 2B 21T o 72,

~& B L7z NiO(001)_EiZ Fe(# 5 nm)/Ti(#J 3 nm) (2 34 ) 2 plofis U 725808k & F v €L SPring-8
? BL17TSU K X SR E— LT A N2 T2 T2,

Fig.1 (2 Fe Lag WU H & O Ti Lo WINERIZ I 1T B X BRI AT R L(XAS) & . Fe Los WU
{281 D XMCD-PEEM 14 % 7~d°, & Z T Fig.1(b)D Ti XAS A7 R b I3 RERER & 48
THCLDEHOE—I BALNTEN, FRIZELTHATHAIERE TiH KO —7 =R L F—

\ZH T XMCD-PEEM TO#IE 2 A 72,

HHCIL T ORER L & bIT, Thox BRI MM OBENEIFERNERE S RITBIT DR R EbWET 5,

Fe L,;-edge (b) Til,;-edge ()  Fe XMCD-PEEM

—~
Q
~

1
| <+— Femetal
i

J

XAS (Arb. unit)

Ti metal

T T T T T T T T T
700 705 710 715 720 725 730 450 455 460 465 470 475
Photon energy (eV) Photon energy (eV)

Fig. 1 XAS spectra at (a) Fe L23- and (b) Ti L3 absorption edges. (¢) XMCD-PEEM image at Fe L 3-edge.

ZE R [1] M. G. Samant et. al., Phys. Rev. Lett. 72, 1112 (1994).
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NIVABRICEIAEHEEBIRATILS A4 VEBBRE

Observation of the motion of magnetic skyrmions with the interfacial improvement
by a pulsed current
FAEX CSISY, ZIy I BEH 2 KRXERLS, TvIRXTSU08
O/MR H&E:, ANl 82 #AK F|Xs, EMW &Ax
Tohoku Univ. !, ULVAC, Inc.?, Osaka Univ. 3, Max Planck Inst.4
OHiroki Koizumi?, Ryo Ishikawa?, Yoshishige Suzuki®, Atsufumi Hirohata'*

E-mail: hiroki.koizumi.d7@tohoku.ac.jp

B A XV 2 A U IBE IR D DIE AR E LT AE Y A & LT ORI A 7
FNHDA, ZOERIZTI0 mMETFETDHIENTE, BEROALL L TR LEEIAEETH
% 3)y L>L72h 5 F OAHEEE IR A 0 2 4 R E1F % Dzalosynskii-Moriya #8 A.{EH
(DMNIZKE E(FT D720, & 5725 EE b 72 AR R E 281 5 DMI Ol A3 b T H
BLhd,

& Z CAMFZECIL, MgO/Ta/CoFeB/Ta Z ik & L CHEEZE A/ Sy X |2 X D fFE L, BViLE iz
KD HANE « Fim P bicin 2 TSV RAEBREINC L 5 & 672 5 AmiEH b aiTo72 9, 7L A
EEIE 0.5 mA T 25000 BIEIAN L, WA /L I A BRENCIE 0.1 mA OEEEN 2 A7z, BRE)
WFE A 5O A — 2 R(MOKE) SR I & 0 BEHR 21TV (X 1 B H), £ A F /L < A4 2 O
Z 2 IRoT 7 by e LTI 2 2 & CHRIBNEERIC X DA F /L I A4 BRE ~DE D0
THRELZDOT, ZHHDORERIZONTHET D,

2 3k

1) J. lwasaki et al., Nat. Nanotech. 8, 742 (2013).

2) J. Sampaio et al., Nat. Nanotech. 8, 839 (2013).

3) Y. Nakatani et al., Sci. Rep. 9, 13475 (2019);
ibid. 11, 8415 (2021).

4) W. Frost et al., Sci. Rep. 11, 17382 (2021).

Eiras
X 1 EEFERED BT o B3 ®REY) AHFZE1% JSPS BRHFEr 22K21362 DBAL
AR SR AT LI A, EZIF b 0T,
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BLRANT T A PSR FesGaTe, EROMELIZH S BRSERE

Magnetic Response to Phase Transition in Iron-Based Chalcogenide FesGaTe: Thin Films
HREHXFE, AY—F FXE?
o(B)mlB =4E !, LU FXK ', Chih-Yu Lee?, Alexandre Lira Foggiatto', Ichiro Takeuchi?, /Mid EA '
Tokyo University of Science', The University of Maryland?, o(B)Kosaku Takashima', Takahiro Yamazaki',
Chih- Yu Lee?, Alexandre Lira Foggiatto', Ichiro Takeuchi?, Masato Kotsugi'

Email: 8221053@ed.tus.ac.jp

IR, RSO ERERICE Y, KREOT—F ZZ)RAICNE - (RFET D2RMRE T A ADORENREHE L 72
S TWD, FRT, SMEHRRIC & DRIV BRE 2 b & R TR A RN, AERMEA T Y F 1L LTRELE
HEED T LU JEROMEA B TiE, BRIEITOAFAEEEO LT R L L TRHA SN TE72h, iF
HEH S41% FesGeTer X° FesGaTer 13, ZIR CHifM: & RE RBEMREGEEZRTI L0 0, TEALT 7 AfEmHEERIC
PE S BERFFED RIB 2L HIFE S AL D2, 2D OMEHE, GeaSbaTes ICRFK S5 IV a7 A RRMELA ¥ & FHLl
LIoMERocE 2 BT 5720, BT (K 400K) TOME(LFMEAIFFE D —FH T, £ OMELIEBFEOMKUSE A 1=
R BEAIRA S TR, RIFFR T, S8R5 F A REMER FasGaTe ICEH L, ~7 % hr v Ay #E%R
FAWNT Fe-Ga-Te A /ERL L 72, X 51T, B LOTENLT 7 ZIREBIZI T DHEEMNT & BEXERMEHI 217V, AL
V2P D BERUGRE O ERERF RO 2 B 15 LT, 500 =

RF A8y 2 U o 7450 (Comet #H8Y) 2 FIW T, Si &M EIZ 100 400
nm O Fe-Ga-Te il & BB E LT 2 nm-Ta B2 RE L7z, =
HORBHIKRI L, @R X BEWTCE S insitu WEETo72, £
fe, BULERA LE5 £ OF 250 *CHVILER % i L 7= 3EHZ SU T, SPring- ey | ———
8 @ BL25SU B — A T A NIRRE S L7 e &tk (MCD) 2 I
%\, Fe @ L IR 5 X BRI (XAS) A2 L% 10 2 = 0
FIRTEGF LTz, 61T, SNBSS 2 (LS 72035 Fe @ Loz WX

300 |

Intensity (a.u.)

Fig. 1 Temperature-dependent in situ XRD of

WHZH 1T D XMCD E 5% ft#kd 5 Z & T Fe OtHEERM M-H i

Fe-Ga-Te thin film.

© 2025% ISRYEES

MAEHE LT, 0.15 S
L XRD I & % in-situ HIERE R A Fig. 1SR, BULE7R LY ) 010

F (30°C) 137 FLT 7 AMEA LTV, 200 °CLL LT g““

(LASHERT L, 20 = 32°,33°KHEIC E— 7 BN 2 &, FesGaTe i & -

A= E2 b5, 5|2, Fig 2 1277 M-H i T, 2y “ ~0.05

FH 250 °C3REFD Fe-MCD BRI ASEVLERRT & ol LTI L, BIfEZR ~0.10

EAT U YA T BHRENT, TS OFRN D, Fe-GaTe B N

BT 7 7 AN DRSO REFECBEIHERIIET gt e e dge ME loop.

%L ARENTE,

AWFIEClE, 7TENT 7 AR OBKEEDOENZFIH U7 ZbA B & L C Fe-Ga-Te IR Z 122 L, © O &
W X OBESRFERIM 21T - 72, BRBIREIC L 0 7EV 7 7 A DRESAE~OZ LB S, $ € OIREE T FesGaTe:
DR /RIE ST, F 7z, MELITEOBISRED ZBAL D HEZR S, Tz e 2 bk & U ComTeEED IR & Tz,

Ref. [1] W. D. Song et al. Advanced Materials 20.12 (2008), [2] G. Zhang et al. Nature Communications 13.1 (2022).
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7 ) EHERICES T SEICMEREDKRFEENR
Hydrogen-induced modulation of magnetization compensation temperature in
ferrimagnets
BRAERF!, JST SEA%F2, B CSRNS, BRKOTRI4, ZHIKS® HJLXK SRIS®
O/nilt #08A 1234, st B!, A BEL S, FE Kith 1346
SANKEN, Osaka Univ. !, JST PRESTO? CSRN, Osaka Univ. 3, OTRI, Osaka Univ.* Toyota Tech.
Inst.’, SRIS, Tohoku Univ.®
°Tomohiro Koyama'->*4, Takumi Tsuji', Kenji Tanabe®, Daichi Chiba'-**6

E-mail: tkoyama@sanken.osaka-u.ac.jp

Rare earth(RE)-transition metal (TM) alloy ferrimagnets are attracted attention because they exhibit fast
magnetization dynamics near the magnetization or angular momentum compensation temperature. On the
other hand, bulk RE-TM alloys have long been studied as hydrogen storage materials [1]. The reason of
this is that the RE elements are easily hydride. Therefore, it is expected that the magnetic properties of the
RE-TM thin films are also modulated by hydrogeneration and they are applied to new magnetic devices
driven by hydrogen. In this study, we have investigated the hydrogen-induced modulation of magnetic
properties in RE-Co (RE=Gd, Tb) alloy thin films.

Pt(2 nm)/RE-Co(5)/Pt(2) films were deposited on a Si substrate using sputtering and fabricated into Hall
bar structure. The devices were exposed to pure H, gas with the pressure of 5.0x10* Pa for 1h at room
temperature. Figure 1 shows the results of measurements of the anomalous Hall effect (AHE) at 300 K for
the Gd4sCos, device before and after H, exposure. The sign reversal of AHE, as well as the change in AHE
magnitude, can be observed after the H, exposure. We have investigated temperature dependence of AHE
and found that the magnetic compensation temperature of the GdsgCos; thin film largely decreases along

with the hydrogeneration, resulting in the sign

0.2

reversal of AHE. Since the observed H; effect in the Gd 4‘8(;052
single Gd film has been negligibly small, the o1l as-depo |
modulation of Gd-Co coupling caused by the —~ p after ,

<) ! hydrogeneration
hydrogeneration is expected to be the origin of the E 0.0 3
present results. E

-01F R
This work is supported by JSPS KAKENHI, the

PRESTO from JST, X-NICS and the Spintronics 02— 0 . 5 3
Research Network of Japan. HoH, (T)

Figure 1: Results of the AHE measurement before
[1] K. Buschow et al., J. Appl. Phys. 49, 1480

and after H, exposure in Gd4sCos; Hall bar device.
(1978).
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HEHNFEHCORERE oW HED GPU EE: BMERIKEIESE NiMnGa
ERILT YA FMEADIEH
GPU implementation of quasiparticle self-consistent GW calculations: Application to the
modulated martensite phase of magnetic shape memory alloy NixMnGa
ERABR, BMAIZONE Ef', BA E' & 542 B =@’
Kanazawa Univ. !, Tottori Univ. 2, °Masao Obata', Takumi Katsuta!, Takao Kotani2, Tatsuki Oda'

E-mail: obata@cphys.s.kanazawa-u.ac.jp

NixMnGa S4& I~/ 7T VA MEREZRTBBIESRA 2T —5&TH L, RIBMHTH D L2
D, Ll MED~ /LT o A ME~Y LT A NEEET B BICE T A o — /L C(110)IC TR E
RTINS BT U7 R G (R~ LT A MBS 5, B~ LT ¥ A MRIZE R
At B AA(MFIS)S A L, ANIREGTEE T 7 F 2 = —Z ~OMEHEHAR IR STV 5, 23
~ AT YA MR, ZORINC LY 10M(S JEEDHIE G 14M(7 JAEEER H 525, 20 &9
REF~NT A MEEDOBETIRES, COLEMEII 03B EL T 63, Lo
B O— DIl OB IREFHEICE A S5 — (L DB EI(GGA) Tld, Mn OE 1 RTERR D+
INCBBETERNI LD D[], €2 THAE, BEFHBEMRZ IR AN 55% i
BETRFIETH DB A QRS GW(QSGW)iEZ W T NibMnGa DB FIRIEZ A L7z, &
IEARCIE QSGW IZ X B EIREEN D 10M & IG5 S MO 7 2 VIR AT 4 VTR
NVBFIET D3, GGA THLND R AT 4 77 Fuid 2.5 BT E L72[2,3].

— 7T 10M X° 14M #5&E D QSGW #HIL, TOFF a A ho@EmSIck ., 2 E THEMEH KN
T o7, % ZT.QSGW FHRE D TEERSy D GPU FE4E A QSGW FHHE =1 — K ecalj[4]121T - 7= 3.
1GPU / — F(@4GPU)T 40CPU / — FEEEDOHAENAREL 7o o7z, GPU 252 LT, 10M B
LN 1AM & ICEB T 5 QSGW B2 FEN L7- & 25, GGA R TIX 7 =/ I HEMIVIRBEB E
IOTE EIFFFIC RN D28, —J5, QSGW G TIZ 7 = /L JWALAFE T, IRIBEEN/ NS 255
WIEATR LT, 20X D G IATIE ENE IR 2 ZE(L S D 2 L 2R L. GGA &t
FCIHMER TORERHE L S D IOMBENELERIE L 700 2 L LEET D[1,5] AR T,
QSGW ¥ GPU S HER DG b LB~ LT o H A MEEOE FIRIEBICHOW TR T 5,

2 30k
[1] M. Zeleny, P. Sedlék, O. Heczko, H. Seiner, P. Veitat, M. Obata, T. Kotani, T. Oda, and L. Straka,

Mater. Design 209, 109917 (2021)

[2] M. Obata, T. Kotani, T. Oda, Phys. Rev. Matt. 7, 024413 (2023)

[3] M. Obata, L. Straka, O. Heczko, T. Kotani, T. Oda, submitted to Proceedings of CCP2023
[4] https://github.com/tkotani/ecalj
[5] R. Majumder, M. Obata, C. Pardede, J. Lustinec, L. Kalvoda, T. Oda, accepted to Proceedings of

CCP2023
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Force Theorem iZZRAW-HKEAHDE —REFE

First principles calculation of magnetic anisotropy using the Force Theorem
ERXEL CN)BEA E, /MEER, /HEAEH
Kanazawa Univ. °Takumi Katsuta, Masao Obata, Tatsuki Oda

E-mail: katsutatakumi@stu.kanazawa-u.ac.jp

BRI, TRREMER 0D B FEREAL AMEENENAR 2 TERK 92 i dib D e O 5 1Al 2 17 & 72708 2 B
&

DLz, BERICBT DERNINEL S22 LB 5 . T8 ZA~DISH EEEZRMEE T
o5, ITFEDORBKGEEEBEANTOBIZERFEIZ I\ TR, WM OBV EME DR & ik B Lo 7=
(2. FEIER PEPMA)Z FFOFEEREEEN LI E S TWD, —J7 T, FEERMERRCHEE 4

FAWT-AGREER A T« TIZBIT D, AL 7 ) A REOREARR0 7= 8O | Z1H NRERE 5 (IMA)
F RROMRBEIE IR D BB 2 R T DR b B V. SRS BEMEAEFT Y A zmd C
B R A W BRI S 2N E TS I TE T,

WEAR M = 2 L X —(MAE) O GRHH R Cld, A B B A (SOC) Z LR & 3 5 fl s i
BIMET AR VFE —(MCAE) & | BEMER D A & BB E R B EP FFEAFR A sS85 2 LT
WAL B 5 J7 10 % 5 2 DICIRBEA BT = R VX —(SMAE)[2]oFn e L CatHE &5, MCAE DHE
AT ClE, AV CEERBEEIEICE S ALEREH A CHONTETBELEE L.,
Kohn-Sham HFEX AR = & TR ON-E A2 D MCAE % Zf5% % Force Theorem (FT)7A[3]43
WHAMICHWONTE T, ZOFHEEZANWDZ & T, MCAE DK7Y A hhbH D% 5 k Z2 ]
IR E K DIEMREGD Z LN TE, BHMELT A OO A eFiEL 725, 3dEFH
FIREMEAZ LS . ColNi 22JE [ [4]X° CriFe/MgO St O SR Eh R BICI 1 D 58— JFERRIMEHT TRk
WENDTE I, LLAR D, A®P)REELEHR, K&/ SOC Z#RFORIZBWNT, £2xx/L

—FHRIE(TE ‘22&)9:@%%75%% < FT 0 MCAE FHEREE NN Z R BER TH - 7o, JFIK &
LClE, K&722 SOCIZ L DB HBIELTHMNG 25 EAMHEOREMHENET HRD,

Z 2 TARRIZE T, (2B < BT v v VB RSB B S T B O RS R CIER L,
HENZ XD E -T2 E R T 2 %/ CMCAE %2 RFED 28 LW EHR LA L, BT
HERWD Z & T, K& 72 SOC ZFFORICBWTH TE kX 1EFER U MCAE 23M%5 L, FTIED
FIRZTEDN LTz MAE OFFTAS ATRE & 72 o 72, AR T, 5 D DEBAJE (TM)IRIEM: G iR
TM/Fe/TM (BML)[TM = Pt, Pd, Au, Ni, Ir] (28} 2K E G EOFHEEREIZ OV TR T D,

[1] A. Hashimoto et al., Journal of Applied Physics, 99 (2006) 8

[2] T. Oda and M. Obata, Journal of the Physical Society of Japan, 87 (2018) 6

[3] X. Wang et al., Journal of Magnetism and Magnetic Materials, 159 (1996) 337

[4] I. Pardede et al., Journal of Magnetism and Magnetic Materials, 500 (2020) 166357
[5] I. Pardede et al., Crystals, 10 (2020) 1118
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F—REHFICK ZERFEREINELEH DA EKST XNCD fZ47

Angle-dependent XMCD analysis of electric-field-driven orbital modification at
interfaces by first principles calculations
ZERREL, WS cMy&EH B, AT W, A K
Mie Univ.! , NIMS? °Rikuto Takai!, Kenji Nawa'?, Kohji Nakamura!
E-mail: 424M222@m.mie-u.ac.jp

AR ME AR R A~ O BRI R E B O - RZOBRGFHLIC K D RmshE £ %
T2 b0 B O, ZhiE, BIRIE AEERSE X SEEKH Ak (XMCD)ERIZEH W,
THRBEINTE[1], BN RBEN S S ARG XMCD A7 MLOEFURFED
HENLEN TN D, Jﬁ%%@% & o 1T EIRAF XMCD O — R R LR &
He | [2IAHE TITER FIZHIT D Co/Pt (111)E Fe/MgO00) i H L 7= fE a2 i35,
SHRICITRE T 7 NVRT v v VTR H I (FLAPW)IE[3] A VY, X BRASTHR 7 1)
b A S o L CERE S (0 = 0°) KON (0 =90°) I8k s8T LK
O L3 5500 XMCD AX7 VDA FERIFEZ RO T, FHROFEFR, Co/Pt O Co (2B
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[1] K T. Yamada, et al., Phys. Rev. B 102, 100407(R) (2020)

[2] H. Nomachi, et al., The 71" JSAP Spring Meeting, 25a-P01-7, Tokyo, Mar. 2024.
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Bending characteristics of emergent magneto-inductance effect
in flexible magnetic thin films
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1Keio Univ. and 2CSRN, Keio Univ.
E-mail: htkym.279@keio.jp

Flexible magnetic sensors have attracted much attention for various device applications. It has been
reported that the magnetic properties such as magnetic anisotropy and magnetoresistance can change in
magnetic thin films by bending [1]. A concept of emergent magneto-inductance (EML) has also attracted
attention as a new principle for detecting magnetic fields with high sensitivity. The EML effect is a
phenomenon that the inductance changes with magnetic field, originating from the spin electromotive
force (SMF) generated from non-collinear spin dynamics [2]. Recently, the magnetic domain wall (DW)
motion has been modulated in permalloy (Py) thin films on polycarbonate (PC) substrates by a step-
wise magnetic field, leading to the observation of a novel EML effect at room temperature [3]. In this
study, we investigate the bending characteristics of EML effect in Py/PC at room temperature.

Fig. 1 shows the schematic of sample structures and measurement setup. Au electrodes were
patterned onto both sides of PC substrates using magnetron sputtering. Then, Py thin films (45 nm
thickness) were deposited on Au electrodes and PC substrates using thermal evaporation. The atomic
ratio of Py is NigsFeis. To induce the magnetic anisotropy in Py thin films, an external magnetic field
was applied in the transverse direction of Py thin films during the evaporation. The EML curves were
measured by AC two-probe method with a 4 Oe stepwise magnetic field. The magnetic field was applied
up to £100 Oe and the AC measurement frequency was 4-48 kHz. As shown in Fig. 1, when Py/PC is
bent in the positive direction of the z-axis, the strain ¢ is defined as positive.

Fig. 2 shows the magnetization curves under convex bending for Py/PC. The anisotropic field Hx
decreases from 6.8 to 2.7 Oe with increasing the strain & from 0% to 0.399%. The anisotropic field
reduction can be explained by the inverse magnetostrictive effect. Fig. 3 shows the strain dependence
of emergent inductance AL. The AL increases from 983 to 1429 nH with increasing & from 0% to 0.24%,
and then it decreases to 809 nH with increasing & to 0.399% at 4 kHz. The enhancement of AL is
attributed to the increase of the number of DWs, which is caused by the anisotropic field reduction under
convex bending. The decrease of AL is due to the decrease of the number of DWs as a result of the
rotation of magnetic easy axis to the longitudinal direction (y-axis). Thus, the bending dependence of
EML can be explained by SMF from the transient DW motion and inverse magnetostrictive effect. Our
study may benefit the EML research and flexible magnetic sensing.
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Fig. 1 Schematic of Py/PC. Fig. 2 Magnetization curves of Fig. 3 Strain dependence of EML
Py/PC under convex bending. under convex bending.

[17Y. Ohashi, Y. Matsushima, and H. Kaiju: J. Magn. Magn. Mater. 570, 170497 (2023).
[2] T. Yokouchi et al.: Nature 586, 232 (2020).
[3]Y. Matsushima et al.: Appl. Phys. Lett. 124, 022404 (2024).
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Bending characteristics of anisotropic magnetoresistance
in permalloy thin films on ultra-smooth polyimide substrates
°Riko limori!, Zijing Zhang!, Tsunagu Hatakeyama', Mizuki Matsuzaka'! and Hideo Kaiju'?

1Keio Univ. and 2CSRN, Keio Univ.
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Flexible magnetic sensors have attracted much attention for various device applications due to the
advantages of lightweight nature, excellent durability, and compatibility to curved surfaces!'l. Recent
studies have demonstrated the modulation in magnetic properties on magnetic thin films by bending?=1,
The anisotropic magnetoresistance (AMR) effect has also been investigated in magnetic thin films on
various organic substrates such as polyethylene naphthalate (PEN) and polycarbonate (PC)El. In this
study, we focus on ultra-smooth polyimide (us-Pl) substrates (XENOMAXe; TOYOBO Co., Ltd.) as
flexible substrates. The us-PI, with a surface roughness of less than 0.5 nm, is beneficial to form single
magnetic domain structures when applied as the substrate for magnetic thin films. The us-PI substrates
also provide a high thermal and mechanical durability. Therefore, magnetic thin films on us-Pl substrates
are expected to show high AMR ratio, and it could be suitable for flexible magnetic sensors. In this
study, we fabricate permalloy (Py) thin films on us-Pl flexible substrates and investigate surface
morphologies and magnetic/electrical properties, including the bending characteristics of AMR effect.

Py thin films were thermally evaporated on us-PI substrates with in-plane magnetic field in a high
vacuum chamber. Au thin films electrodes were deposited on both ends of Py/us-Pl by magnetron
sputtering. The dimensions of us-Pl substrates are 9 mm in length, 2 mm in width, and 38.6 um in
thickness. The atomic ratio of Py is NixFeio x (X = 83-85). The surface morphology of Py/us-PI thin
films was analyzed by atomic force microscopy (AFM). The AMR curves were measured by DC four-
probe method. The magnetic properties were investigated by using a focused magneto-optical Kerr
effect (MOKE) magnetometer.

Fig. 1 shows the surface AFM image of Py/us-Pl. The surface roughness is small at 0.44 nm, which
indicates the formation of an ultra-smooth surface of Py/us-PI. Fig. 2 demonstrates the AMR curves of
Pylus-Pl. The AMR ratio improves with increasing Py thickness d, and it exhibits a high AMR ratio of
0.72% for d = 83 nm. Fig. 3 shows the strain dependence of AMR ratio in Py/us-Pl. The AMR ratios of
both samples decrease with increasing the strain in convex shape, whereas it increases or shows almost
the same value with increasing the strain in concave shape. The change in AMR ratio can be attributed
to the inverse magnetostrictive effect, in which the easy-axis direction of magnetization rotates by
bending. The modulation of AMR ratio is consistent with magnetization curves obtained by MOKE

measurements.
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Fig. 1 AFM image of Fig. 2 AMR curves of Py/us-PI. Fig. 3 Strain dependence
Py/us-PI. of AMR ratio.

[1] D. Makarov et al., Appl. Phys. 3, 011101 (2016).
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Emergent magneto-inductance effect in Au/NiFe thin films
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Emergent inductance, a quantum phenomenon in spintronics arising from the interaction between
spin dynamics and charge transport in magnetic materials, has garnered significant attention due to its
unique properties. The concept is developed and practically achieved based on theoretical studies on
Berry phase dynamics and emergent electromagnetic fields induced by current driven motion of non-
collinear spin structures [1-4]. Unlike classical inductance, the magnitude depends inversely on the
cross-sectional area of devices, which inspires the advancements in the inductor miniaturization and
flexible magnetic sensors for spintronic applications [2-6]. In this study, we present an emergent
magneto-inductance (EML) effect in Au/NiFe thin films on flexible ultra-smooth Polyimide (us-PI)
substrates (XENOMAXe; TOYOBO Co., Ltd.), demonstrating a large inductance variation under a
small magnetic field.

Au and Nig;Fe1s (permalloy, Py) thin films were sequentially deposited onto us-Pl substrates using
thermal evaporation under a base pressure below 2 x 10 Pa. During deposition, a magnetic field of 360
Oe was applied along the transverse direction (y-axis, as illustrated in Fig. 1) to induce magnetic
anisotropy in Py layer. The EML effect was investigated across various frequencies through AC 2-probe
measurement, using an LCR meter with an external magnetic field of up to +250 Oe.

The EML result presented in Fig. 2 reveals a clear inductance variation in the Au/Py/us-PI under the
magnetic fields below 10 Oe at room temperature. The magnitude of EML variation, AL, in Au/Py/us-
Pl reaches 809 nH when the thickness of Au/Py is 48 nm and the film width is 1.5 mm. As shown in
Fig. 3, the AL exhibits a clear increase with decreasing the film width, which is consistent with our
previous study [5,6]. The EML effect is attributed to the spin motive force which results from the
transient domain-wall motion driven by an AC current under a stepwise external magnetic field. Our
study may offer the potential for the research of unconventional inductors and the integration of planar
inductors into micro-devices in spin electronics.
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Fig. 1 Schematic illustration ~ Fig. 2 EML curves of Au/Py/us-PI Fig. 3 Film width dependence
of the EML measurement. at 4 kHz. of EML in Au/Py/us-PI.
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Numerical analysis of physical reservoir by utilizing vortex spin torque oscillator

with modified free layer
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) I BRT X —REBOEFAHE (B4 2A0k) THEMREDNA LT 2 e W& H 5 [2]. BHE OMSIRHA
Y ML FHIRER (VSTO) WERERE, ANEBL LTI YR AMSEMA S8BT A RADET
EEERE DM BRI o2 [3]. —T, BAZHHBIEMEZNA-ZKEHEZE T % VSTO 12
BV TR HINI N U THEHRD VSTO TR LR WA A RD%1EHND Z e 2 RH L (4], FEERED
M EDSHR XN S, AFETIE, ZEHEZED VSTO IZBWT, I A ZADKFTHEEMEED I L3 2 2 5uH

FHEIC X DI,

X 1(a) D& S ICEFEHHE%2£> VSTO ZERBEIIC & b FHIRX
B, ANMMBEBL LT 1L DES5KT VX L5 H = (ho(6),0,0) %
FIMU7z. ZZTh BANESDRE, r() X [-1,1] ZHERE T3
—HEBTHS. 2oL E, B2 7 OEHEIRD Thiele HHER
TicdhE s [3-5].

. . 0w
-GxX-D()X - X +ayJp.e, x X + cajJRype; + cu'e, x H=10

ZIT, X Ao 7 ONE, s = X EEED> S O, Ry X
Kima7oERE, GlEY vy A a2y bL, D(s) ZIFEIREED
RO TRE, W) ERT VS v VBE, a 13AY Y LY DR
X, JITEREE, p=(.0,p) ISEEOBIENRZ PLOAE, ¢
BEKRD A A Z ) 7 4, w 3B ORBTH 2. BHEIZHEE
187.5nm, EX 5nm, :EMEIZFE 20nm, 2K 40nm, EX 5/3nm
L7

B 2 3B ME D N E LB INE D28 20 nm, 40 nm O EIZ
EJiER 1 mA ZEIINL, ANEETH 27 VX LWHBOKEE b,
%0-160e $TEZX, VY 7/ 78270y LD THS. Y
Y7 7T EDRED S A ZADBEITIE, AFRATHRWEEICA
WRBIEHTH . 2&D, BNED»DZHEDAY YT 7R
DIEDEIIFEEL, DA RADBEHPHERTE 5. X5, (KHESHEE
TV 77 7RI 2 Z e W0 b. #iETIE, ZFEHEER
D VSTO OEEERE L ANMES £ DBARICOWVWTHEL 5.
(EE] AFEO—ENZ, BIEseaEmibE (BRMYE (S), B
(B), HFWIL) OXIRICEDITHRbIE L. T ZIEHBL £
[1] S. Tsunegi, et al., Appl. Phys. Lett., 114, 164101, (2019).
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Control of the emergent magnetization process in artificial spin ice
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T. Wakabayashi’, R. Matsuura?, H. Nomura>**, T. Isokawa®, Y. Suzuki’*?
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In artificial spin ice (ASI)"?, nano-sized magnetic cells were arranged closely in, for example, square
lattices or honeycomb lattices. The cells were magnetically coupled, causing collective magnetization
processes such as emergent monopoles and Dirac strings that do not occur when the cells were
magnetically isolated. Recently, research on the application of the emergent magnetization process of ASI
to devices has attracted attention.>*> We have experimentally fabricated ASI samples based on magnetic
tunnel junction (MTJ) array and observed the magnetization process of individual cells by tunnel
magnetoresistance effect. This method is suitable for device implementation because the magnetization
process can be detected electrically. In many previous experiments, the emergent monopoles and Dirac
strings were observed spectroscopically in the process of sweeping magnetic fields in one direction. Toward
device implementation, it is essential to develop a method to control the emergent magnetization process.

In this study, MTJ thin films with a magnetic free layer of 15-nm-thick FeB was patterned into a
stadium-shaped cell with a width of 150 nm and a length of 800 nm, and a honeycomb ASI consisting of a
total of 72 cells was formed by changing the lattice constant @ in the range of 0.98 um to 2 um. The
honeycomb lattice consists of three kinds of cells, one of which the longitudinal direction of the cell is
parallel to the x direction, and the other two are tilted + 60° with respect to the x direction. By comparing
minor loops measured after saturating the FeB magnetizations to -x or +x, the magnitude of the magnetic
coupling between two adjacent cells was evaluated. The magnitude increased with decreasing a, which was
about 2 mT at a = 0.98 um. After saturating the ASI (¢ = 0.98 um) in the -x direction, the magnetic field of
the same magnitude was applied alternately multiple times at two angles 0° and 60°, and then the magnetic
field strength was gradually increased. In this sequence the magnetization of the neighboring cells was
reversed one by one. This corresponds to the extension of the Dirac string one by one, which means that the
movement of the monopole or extension of Dirac string can be controlled.

This research and development work was partly supported by JSPS KAKENHI Grant Number JP20H05655
and ARIM of MEXT Grant Number JPMXP 1224AT0126 and JPMXP1223AT0091.

1) R. F. Wang, et al., Nature 439, 303 (2006). 2) S. H. Skjerve, et al., Nat. Rev. Phys. 2, 13 (2020). 3) J. H.
Jensen, et al., Proc. The 2018 Conf. Artificial Life, 15 (2018). 4) K. Hon, et al., APEX 14, 033001 (2021). 5) J. C.
Gartside, et al., Nat Nanotechnol. 17, 460 (2022).
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Artificial intelligence (Al) using neural networks has become an indispensable part in modern society.
However, these Als use a large number of conventional CPUs and GPUs, leading to huge energy
consumption. In this respect, physical implementation of neural networks such as physical reservoir
computing (PRC) has attracted much attention. The PRC based on non-local magnetization dynamics, i.e.
spin_-wave, is promising towards high-performance reservoir computing at nano-scale with low energy
consumption [1]. Synthetic antiferromagnets (SAF), where ferromagnetic layers coupled
antiferromagnetically separated by a nonmagnetic layer, have complicated magnetization dynamics and
rich physics, which are essential properties for PRC. In this study, we investigated nonlinear and
complicated non-local magnetization dynamics in SAF based on micromagnetic simulation.

Mumax? was used to perform micromagnetic simulations. Figure 1(a) shows a schematic illustration of
the setup used in this study. Physical nodes were arranged in a lattice pattern on the SAF and a
current-induced spin-transfer torque was applied on the top ferromagnetic layer to excite spin_-waves.
Figure 1(b) shows the heatmap of maximum signals of fast Fourier transform (FFT) spectra of
magnetization dynamics plotted against the out-of-plane magnetic field and the current density. Spin-torque
auto-oscillation in SAF was observed at the red region. We will discuss the nonlinear current-induced

magnetization dynamics in SAF and their performance for PRC.
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Figure 1 (a) Schematic illustration of the setup for current-induced magnetization dynamics in SAF, (b)
Heat map of the FFT intensity of magnetization dynamics against the out-of-plane magnetic field and the
current density.

Reference: [1] Iihama et al, npj Spintronics 2, 5 (2024).
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[1] H. J. Waring et al., Phys. Rev. Appl. 13, 034035 (2020). [2] P. Landeros et al., Phys. Rev. B 77, 214405
(2008).
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Figure 1 (a) Schematic illustration of Co/Ru/Co SAFs. (b), (c) AH vs frs of the

samples with antiferromagnetic (AFM) coupling and no coupling, respectively.
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SRIEPE(AFMTHEE R 72 &0 SRR EAG T 5k TH S, FrZ, St F—7"& x=0.3 ® LSMO
FEWAE ot E R L, EOMKEHERAFES N TE T, —FH T, x=0.5 O LSMO |3
DIET & & BHIT FM 725 AFM ~DOMEERE 2o~ 23, @IRIC 1T D8R0 A TR M
AT ACH 2 DB OW TR 22 832\, RIFFETIX, TRHBEE 7 RICB T 58
7o 2 BB OfEH 2 B8 L. LaosSrosMnOs OB X A F I 7 A FRHTF L — hF B
7 ER a DR L AKATME & FRpg M 3 ﬂ%(FMR)%:ﬂ%u\fnﬂﬁ L7efERIZOWTHET 5,

2V A L —P—HEFETEIC L W . R 10-28 nm @ LSMO (x=0.5) =t % &3 v /LKA Nb- N —
7 STO (100) Feti BIC/ERLL . 2-300 K, 10-44 GHz OIEE « FHE#EIH X7 bl Xy hU—7
TF T A WAV FMR JIE & Eh L7z, Fig. 11X, FMR LIBHUE (4H) & HEETE (fe) &
AH = AHy + 2ntfiest/y T 7 4 v 7 4 > 7 U Calli LTza DIRERFE 27T, alXiBEDKTFE &L
WA UL 100K AT Ch/MEZ & D, 0% 2K £ THEIT S KT 2 B8 2R LT,
Fig. 2 13, fres & EMBRE (Hres) & D BIR % Kittel DI fres = V21 {(Hres + 4TM; + 2K | M) (Hres + 2K1 /
M2 ZHWNTT 4 w7 ¢ 7 UTHERE LTz fafnfedt My DR ERAFE %2 R, Mol 75K LT
=27 Zmnm L, BECKTE & BICHD Lz, Z0 M, OFEANE, LSMO WO FM #1728 75 K LT
T AFM MIZERRE L7 Z L AR LTV D, 2D OAIEA CORE T v, FRZEE 10
nm OFEETHEE ThH -7, LLELY ., 100K LLF TOadHi K7 AFM FHD BT K 2 Bt D%k 7=
HEBOBORITER L TR, TOREBIIFEEDORD & & HICHEFICRD Z 2RI,

AWFFED—iL, JSPS FHF# JP24H00380, JP24K21732, JP23KK0086, JP21H04614, JST CREST
JPMICR18J1, JST FOREST JPMJFR212V DX E%%1F7=H DT
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Fig. 1 Temperature dependence of the damping Fig. 2 Temperature dependence of magnetization
constant a in LagsSrosMnQOs;/ Nb-STO(100). in Lag sSrosMnO3/ Nb-STO(100).
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Electric field effect on spin-wave propagation in STO/LSMO/STO/PMN-PT(011)
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SRIEVEIR/ TRE IR B2 D R E~ VT 7 = v A ZHEE T, BREHUN L 2B o5k B iR 0w
JEENFANZ L > TAHELDEBEAZ L VBEHEOBEBREMNDREDNAEL D Z b ER S TWD
La;-.St:MnO3 (LSMO) Z 5@ @ 12 b D~ /v F 7 = o A 7 Tld, ZHhETIC ;*%J‘J’Mt@
S/ EDRHE STV D A ElFk A 1T SrT103/LSMO/SrT103/[Pb(Mg1/3sz/3)03]1—x [PbTiO3],
(PMN-PT) ~7 2 fEIEIZEIT 5 A B U RREFFED B RN R 2 A LRI W TIHET 5,

PMN-PT(011) 3 Bz v 2 b —HF —HEFf 1L % VT SrTiO; buffer J&(100 nm), LSMO(50
nm), SrTiOs cap J&(50 nm) % A L7z, 1F8E U 7 B 21 400 pm ORI L U 7o # A o b
[EVIN A a nD3E N A - %th/&7A4x%¢%Lto@E?/F7/7®@%I%Fg1
~9, Fig. 2 1% Fig. 1 1281F % Portl 75 Port2 ~Mufk L7c A B L L Wi G Al ~MaRk L7c A B
DAG TR LD ﬁﬁkf PEAZ R LT D, i? ﬁﬁ IZENZEh-42 kViem HH+4.2 kV/iem £ TO
FPH CERZINIEGE LD S GAICxE LTE Y . PMN-PT O MKERITEE TA E
I DARIE TR DN T OIEF S MEN AL Lﬂ\é & Mﬁ; ITX D, AV (BRidmiy)
IHMEREF I X > T FilmE7- iTﬁMx%@“é 728, T OfEFIE PMN-PT DA L -
TAEUPFEORFEINCENAE L, ERGEDENEVES EALOBFEEZML TS I EERL
T35, LSMO (XENOFE, EMEERCE > TREBHEEIZZENAE T, THUCRIGE L TR D
XNN— | - FUE T ERE DI ERHREINTWD[2], £72. PMN-PT(011)IZHEHE 7 M
S5 Z & THN[OINIZSIEEANRAE LD, ZOZ L5, PMN-PT OF[EEADNMES B
ThFEHLUTHDIREEN D, NI CEANNEILSRD I ETH U E T ERNBERKL, A
VBRSO BEIND MR E o EB I OND, UL EDNOARFEITENE O TEEHIE AT
IAE T NA AOFBIZEN D AHEMEN H D, Y HITEROGEMICINZ ., RGN EHE A
SELNTZF N N— | « X T EROBEBREGEEIC OV T HiEmT 2,

AWFFED—HR1E. IST CREST JPMICR18J1, JST FOREST JPMJFR212V, JSPS EHifFE JP24H00380,
JP24K 21732, JP23KK 0086, JP21H04614 D422 1F7-H D T,
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Fig. 1 Schematic diagram of spin-wave Fig. 2 Electric field dependence of spin-wave
measurement setup. amplitude nonreciprocity.

[1] Y.Yangetal., Appl. Phys. Lett. 100, 043506 (2012).
[2] Q. Qinetal., Appl. Phys. Lett. 110, 112401 (2017).
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Magnetic domain structure of antiferromagnetic NiO thin films
with different crystal orientations
AHEXI! °@)ithE AE', RE BEEX, SH EF, MK RE' Fl BL!
Nagoya Univ. ! °Fuga Ikeda', Satoshi Ilihama', Keigo Tada!, Kensuke Hayashi', Takahiro Moriyama!

E-mail: ikeda.fuga.u6@s.mail.nagoya-u.ac.jp

Antiferromagnetic thin films have potential to be used for future robust and high-density magnetic memory
devices because of the small magnetic susceptibility. One of the issues towards the development of the
antiferromagnetic memory device is that it is difficult to detect and manipulate antiferromagnetic domains.
Recently, it has been reported that magnetic domain imaging in antiferromagnetic NiO thin films by using a table-
top polarization microscopy [1], which is more convenient experimental technique for magnetic domain
manipulation in antiferromagnetic thin films, comparing with a technique using a high energy light source such as
the X-ray magnetic linear dichroism. In this work, we report imaging of antiferromagnetic domain structure of
NiO thin films with different crystal orientations using a table-top polarization microscopy.

40-nm-thick NiO thin films were deposited, by using magnetron sputtering method, on a single crystalline MgO
substrate with different crystal orientations. The magneto-optical birefringence effect was used to detect the
antiferromagnetic domain structure in the NiO. Figure 1(a) shows a schematic illustration of the optical setup for
detecting the antiferromagnetic domain structure of the NiO thin films. We used a light-emitting diode (LED) with
wavelength of 625 nm as a light source. The light through a linear polarizer was illuminated on the sample. Then,
the sample surface was imaged through a half-wave plate (HWP) and an analyzer. The Kerr rotation angle at each
pixel of the image was evaluated by rotating HWP. Figure 1(b) shows the Kerr rotation angle distribution of a NiO
(100) thin film grown on MgO (100), which corresponds to a magnetic domain structure. We observed that the
Kerr rotation angle distribution varies depending on crystal orientations of the NiO thin film, which will be

discussed in the presentation.
[1]J. Xu et al., Phys. Rev. B 100, 134413 (2019)
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Figure 1 (a) A table-top optical setup for measuring a magnetic domain structure. (b) The Kerr rotation

angle distribution for the 40-nm-thick NiO thin film grown on a MgO(100) substrate.
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Ab-initio study of magnon in L1o Mn-based antiferromagnets
Mie Univ., °Koki Kobayashi, Andi Gumarilang, Kenji Nawa, Kohji Nakamura
E-mail: 424M214@m.mie-u.ac.jp

Ultra-fast spin operations in terahertz (THz) frequency range have been demand for future communication
technologies. Antiferromagnets are promising candidates to convey this frequency due to no-net
magnetization while exhibiting antiferromagnetic resonance in THz range [1], and magnon in
antiferromagnets may offer new energy-efficient spin memory technique via their multiple precession modes
[2]. Among the antiferromagnetic (AFM) materials, L19 Mn-based antiferromagnets, such as MnNi, MnPd,
and MnPt, have particular attention. Its unique magnetic properties, including the high exchange fields as
manifested in high Curie temperature [3], make it suitable for spintronics devices. However, to fully utilize
them for spintronics devices, it is essential to understand its fundamental magnetic characteristics related to
magnon dispersion. Here, we carry out ab-initio calculations of magnons in L1o Mn-based antiferromagnets
of MnNi, MnPd, and MnPt. Ab-initio calculations were performed using full-potential linearized augmented
plane-wave (FLAPW) method [4] with generalized gradient approximation (GGA). The spin-exchange
constants are evaluated by applying the generalized Bloch theorem in spin spiral calculations, while the
magnetic anisotropy constants are obtained by the force theorem to spin-orbit coupling (SOC) and magnetic
dipole-dipole interaction (MDI) approximation. The magnon dispersions are obtained by using second-
quantization formalism based on the linear spin wave theory (LSWT) [5]. The first five nearest-neighbors
spin-exchange constants, labeled as J;, J,, J3, J4, and Js, are calculated for Mn-based antiferromagnets.
For MnNi, the values are —86.367, 42.870, 14.412, —3.093, —0.122 meV, respectively. For MnPd
these are —50.900, 41.670, 8.766, —4.216, —3.460 meV, and for MnPt, —61.812, 41.606, 6.754,
—7.061, —10.509 meV, respectively. The magnon frequency of @ mode at I' are found to be
11.831 THz, 9.732 THz, and 10.416 THz for MnNi, MnPd, and MnPt, respectively, while that of S
mode is 1.965 THz, 1.438 THz, and 1.548 THz for MnNi, MnPd, and MnPt, respectively. Based on the
density of states, the trend of spin-exchange constants from MnNi to MnPt originates from the energy gap
between the highest occupied d-orbital of Mn and the lowest unoccupied d-orbital of Mn, where MnNi has

the lowest gap which allows electrons to excite easily than that in MnPd and MnPt.

1] T. Moriyama et al., Phys. Rev. Mater. 3, 051402 (2019)
2]Y. Shiota, et al., Nat Commun 15, 9750 (2024).

[

[

[3] E. Krén, et al. Phys. Rev. 171, 574 (1968).

[4] K. Nakamura, et al., Phys. Rev. B 67, 014420 (2003).
[

51 A. Gumarilang, et al., J. Phys. Soc. Jpn, 92, 084703 (2023).
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Transport properties of angular momentum in an insulative orbital ferrimagnet
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33

P, JUER—LZN R (OHE) DR R AZBIC, A Y AN A T A IES) &4 11 5 W 4 EE) & Ok
Bl (BulEi) ~OBLREE->TWD, BUERAFIA LE AU #E MLy O @R 3 iR S h
[1]. BFFEASRE AN 72 D — 5 T RIS AR IR 1 T O BIE A TEE) B ORI SV THERAI 225 %0,
ABFFETIT, W0HE A EE) &I IEROBAL ORI 2 R oMb MEiuE 7 = U B CoMnOs[2]IC& H L.
BBRENC K 2 UIE A T B ARHRE S A BRI LT,

[EBRFE | R
ot A Xy 20 v 7% v T, o-ALOs FE i E 12
Cr20:/CoMnOs/NM  (FEREMESR NM: Pt, Ru) D% @ fEakp) 2 /Ffl L

H:': N,
2o T HOFEHT RHEED 35 KUY XRD (2 L 2 1R, 72 5 ‘ . vrﬁ:’ 5%';2;";
.,:H 7
QNZ VSM & W T BRI 24T o 72, & DAISHOIN Tk >
.\5:
— B — B R U RN R L, I PN O 1)1 R A ) &

5
MU 72IRRE T, Bk EE ) D R s HE 2 940 L 72 (Fig.1),
CREIIE Y 5 — BN R Y 2 U B IR AR AT (el Fisl PRI TC 0 — i I

LTAL, Figl LaTllEty b7y FTRAE By — AEBAOWEEY b7 v
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[1] Hiroki Hayashi, ef al. Communications Physics 6, 32 (2023)
[2] Hiroki Koizumi, et al. Phys. Rev. Materials 3, 024404 (2019)
[3] Can Onur Avci, et al. Phys. Rev. B 90, 224427 (2014)
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Co/Pt REIZETAHREY - MER—IEEELRES IRADHER :
F—REHEICIIER
Effect of interfacial roughness on spin/orbital Hall conductivities of Co/Pt: first
principles study
ZEXRI OCMDAR G5, M)itH M=, 48 &M, PH ER
Mie Univ. “Tomoki Ishihara, Yushi Tsujide, Kenji Nawa, Kohji Nakamura
E-mail: 424M203@m.mie-u.ac.jp

TSR, A BB D A AR — VRN RO « TR, AV UELE ML R T
YHELT 7 EAAEY (SOT-MRAM) OB E, @EiE B O KIHEE ) OB EREAN 2 & o 5
IXTHEHERMATHS. Fiz, WHFETHE, BUER—AZRIC K DB EREEEOREN S
TWBH[]. ZOBEZDOE &, Fxld Co/Pt REICKIT DAL U HR—/UMAEE (SHC) L UWLE

R—/VEEE (OHC) DOF—JREFH R A D, FFZ, SHC NFEEEEO P8 CHEICMET 5 =
EMPOPoTEL2]. —H T, RECHBT 5 OHC OBERII/3IZFE > TR0,

A ClE, 1) Co/Pt FEIZIIT D SHC & OHC O%—FHEEE, i) Rt T SHC O
EMZ D700 EHE (2 2 CTEEFESOEIUC K D/ E T 7R ADEAN) ([ZOWTHRET

B — R R T AL AR U IS S REF T VR T 2 VERIAC A R R T [3] &
Fy, AR SHC & OHC IFAMRA AN BRHiT L7z, il T 7 r AN mE & LT,
8 L 7-J& Py(111) & HJF7J& Co 225725 Coi/Pts Z{RE L7=. SHC & OHC IZZHE4, 1,730 B &
U'5,660(Q-cm)™ & 720, £, REifFOPETSHC BAFE L WET L2 L 2B L. fm
F7 7 AL LT, FEIZHEFJE 54 CoosPlos Z4HA L 72 Coi/CoosPlos/Pty 7 /L& HV o, FHA
OFER, SHC 1E 1,900(Q - cm)™t, OHC 1% 7,120(Q - cm)~t & 72 b, N2 10%, £ 25%H4 0019
HZ ENDrole. WIZRFEINOENICE DR ET 7 X ADMREZET H1-0I12, vy
VAR CorPt l2351F 5 SHC & OHC % 31E L7, SHC & OHC & HITHLEREE x (2% L TIZIEHRIEIC
AL, ZAUTHRE T 7 R ADBE AT K D RO Ly SHC BER A MR DR Eme T 5.

[1] R. Gupta, et al., Nat. Commun. 16, 130 (2025)

[2] K. Nawa, et al., Phys. Rev. Mater. 8, 014405 (2024)
[3] K. Nakamura, et al., Phys. Rev. B 67, 014420 (2023)
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% Modulation effect of Rashba effect on metastable heavy metal interface by
¢j g&@ interfacial distortion
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RESRECHERINIAHmICB T2 —Ly e T v a AP UHHERABEERIZ,. AL Ui
ARTFEE LTRAMICHIIES LTV D, R, EHERE & IR SR TR S 1 5 S i3 5w o f %)
BENREWD, 7V AV VHIEMEER b RES RS 2 ERMboNTND, —FH T, &L
Tex 7 N—7Tx, BEQBREO/MMEEERZEMEIC LSS, REELPBFEICELL, T an
@xeyﬂﬁﬁﬁwmﬁ%kﬁé:kﬁﬁﬂotmo:@:3#6\?VJAEXEV%EWEW%
IREESFCHE TH D Z R PRSI, REEAOFEIC LY AV U EEHABRE LR S,
A CEBNRIRE SN D A it i+ 25 Z LS s, £ 2 TAIETIE, EEJE
B R ORISR TR SN2 REEEICHE T2 7 v a " BAE CuEMR AER O, fiitkiEs L0
¥ T8 T AT & RIS REATG L 72,
R R, BB B RIS & | AR NM(Cu, Al, Ag)/EAEMEIZHBWVT, T v a R E
EMRAVEROMR S ZRMST 2 7 v 2 - MR Bag 2 200 £ 0 FFl L 7=,

aw = () [ @vsonmi? iz

ZIT, e, AV Az T YR VO, [W|HETEENATH B, ES RN A TEIERNE
4 JE(Cu, Al, AQ)EAJERIEIZR LT, H—REGFIEIC L > TR FEAZFI L2%, REoRT v
X, BTEEOMEEIT -T2, BEAEZHIMLR2NRICBWTL, EEENS MBI b BHEOBAED
FWRKRERT V2 MFEEHGLER L 2o T (Fig. 2), sl TlX. 7 ¥ =2 B2 E U uEHEBA/ERIC
T R EAEKIFIZOWNT S ER T 5.

(b (C) 0.03?"-_—-*----.._ _-'.'EX—Ta
i ~v]

O P O O —_ i | @ p-1a

- - [ L ]
heavy metal Al Cu Ag

Fig. 1. Crystal structure of (a) a-phase and (b) B-phase. Fig. 2. Rashba coefficient at the NM/ heavy
(c) NM/heavy metal interface structure. metal interface as a function of the

nonmagnetic metal.
[1] T. Yamazaki et al., (submit). [2] J. Phys.: Condens. Matter 21, 064239 (2009).
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FEM analysis of induced stress in the piezoelectric ring structure of piezoelectronic MTJ 2
Science Tokyo ©(M2) ILEA &R, BH BX, )l XH
Science Tokyo, “Kaishu Yamada, Yota Takamura, Shigeki Nakagawa
E-mail : yamada.k.1d1d@m.isct.ac.jp

Stress-assist magnetization reversal (SAMR) using magnetostrictive (MS) materials is an attractive
method to reduce magnetization switching energy in spintronics-based memories [1]. We have been proposed
the piezo-electronic magnetic tunnel junction (PE-MTIJ) as an integrated memory element capable of
realizing SAMR [2]. This device consists of an MTJ pillar with a MS free layer surrounded by a
piezoelectronic (PE) ring. Previously, we introduced finite element method (FEM) to analyze induced stress
in a PE-MTIJ [3]. The FEM calculation gave different stress from the firstly proposed analytical method [4].
In this study, we analyze the stress distribution in the MS pillar calculated by FEM and found that the effect
of deformation like beam bending significantly contributes to the stress distribution, which is not included in
the analytical model. The thicknesses dependence of stress is clearly explained by the effect of deformation
like beam bending and distribution of electric field vector.

Figure 1 shows schematics of a simplified model structure consisting of a MS plain pillar surrounded by a
PE ring. The standard dimensions, materials, voltage Vpe applying to the PE ring for both calculations are
described in Fig. 1. Figure 2 shows stress distribution when Vpg = 0.1 V. Overall, compressive stress is
induced, which can be explained by the conventional model [4]. On the other hand, the stress in the MS
region is non-uniform. The stress distribution in the MS, i.e., high compressive stress at the top and bottom
of the MS pillar and low compressive stress at 2-3 nm from the MS/PE interface is mainly caused by tensile
stress near the interface caused by the piezoelectric ring stretching (Deformation like beam bending).

Figure 3 shows induced compressive stress at the center of the pillar as a function of the thickness of PE.
From wo = 7 nm to 30 nm, the stress decreases because of the increase of tensile stress by the beam-bending
effect due to the increasing aspect ratio (wo/R), and the decrease in electric field in the PE ring. Above wy =
30 nm, the stress for FEM calculation increases because the contribution of electric field from the top/bottom

of PE-ring to the MS pillar becomes larger.

200 MPa -
Pre deformation ! 200

PE material:PMN-PT MS pillar: SmFe, 150 150

N A e

Wy:10 nm

(L=
=IK=]

Compressive
stress [MPa]

. A ty:10 nm
% J__ I R:10 nm 2 -52
Veet0.1V T T = b 00— 20 30 40 %0
Compressive Thickness wg [nm)
Fig. 1 Schematic structure of Fig. 2 Stress distribution in the cross Fig. 3 wo dependence of
a simplified model. section of the simplified model stress in the SmFe; pillar.

Refs: [1]N. Saito, et al., J. Appl. Phys. 103, 07A706 (2008). [2] Y. Takamura, et al., Sold-State Electron. 128,
194 (2017). [3] K. Yamada, et al., JSAP Autumn Meeting, 16a-D61-4 (2024). [4] Y. Shiotsu, et al., IEEE
Trans. on Electron Devices. 67, 3852 (2020).
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Development of High-sensitive ST-FMR with Amplitude Modulated Magnetic Field
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Fukuoka Univ. ©A. Kamiryo, T. Horaguchi, and T. Manago
E-mail: sp211208@cis.fukuoka-u.ac.jp

[Ffgeis
A bV T BEEEESLIR(ST-FMR)EIE, FEREMEIRNM)/ BREEMER(FM) 823 T A B Ui B R 2 A
AR T 2 BN EFIECTH D, JEEICEARERAFMNT 2 &, FEBIERTO R R =R a L
TAEVRBERSND, TOAE UITEHET 2 MEMEBICEA SN D 2 & TRBMEROBLIZA Y Y FLs
w52 Wb O AEET & 35, ST-FMR IE TR & BHE O FHxHA ITAF U 7o T2 (5 PR SR %)
R & EUINE AR B OB R R AR LRI 2 ~7 bz EiEEES & L TRIEET 2, 2oL &b
BAVDILMGA AT RV DT « FORFR 2 — L o BISARIECHE ORI LV | A B i AR = FHAG 23 7T HE
2%, LL, BREELZIET H2MERFIETIE, BWEEBENLA 7y NEEORFH NU 7 F72p EDOINELOE
B2 IR T VeI HEN D T, £ 2 TRMIZE TIE, BEHZWR 2RI U7 E 5114 ST-FMR 12
AL, AR —ADO/NS M EIOFHEC A B b L7 Oy INEGRR I & R FTRE 7R mifg B A B L i A2 plcsh
SRR IE A B%E L7,
[=8071:]
<BUBHMESRL> F 98 5 um, £ X100 pm® NiFe(15)/Pt(10) (BE:nm)#fR & ERY V7T 7 1, B RAREEH
WCTERL LU 72, 2D, EEREINA OB/ 2 — L LT Cr(5)/Au(100) %7545 L. ST-FMR J{liEH T /314 & &
L72(® 1), PITAE Y R— AR 2~ TREWRESBEMEITH Y . NiFe ITFEMBERETEN/ NN L
AV iR FM g & LTRSS P SN DEIEIRTH D, Z DT /3, A% AW THTZIZBH T 2 8855250 ST-
FMR VEDIRGREZAT > 72,
<HEFE> KD ST-FMR ETIHY 7 TP 2 R b—Z =0 @A ERT 2 REHCHN U, MB35 B oy &
ol UZehs Hal Bt e 2 E 32 2 & THIG AT ML Z2G T\ e, ARWFIE TIEHIEBe \[CHE ST 5B
TR DI AEEN LR TH00/ N S WSS, D AR 2 FUN L, G A7 SV Oy EEETEZ e v 7 A
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Angular momentum current probed via THz emission in Ni/Cr bilayer
WPI-AIMR, Tohoku Univ.!, Grad. Sch. Eng. Sci., Osaka Univ.2, Grad. Sch. Eng.,
Tohoku Univ.3, CSIS, Tohoku Univ.*
©S. Miki'2, K. Ishibashi'?, K. Nukui'=, M. Ishibashi',

L. Wang*!, H. Morishita*!, S. Mizukami'#*

E-mail: soma.miki.d8@tohoku.ac.jp

Laser-pulse induced THz emission in ferromagnetic metal (FM)/normal-metal (NM) bilayer film is widely
studied from both scientific and technological points of view [1]. The THz emission is caused by the
transient transverse charge current which is generated via the inverse spin-Hall effect for photo-induced
transient spin current across FM/NM interface. Recently, several groups discussed the effect of not only
spin but also orbital angular momentum current in the THz emission in FM/NM bilayers [2] (Fig. 1),
whereas many issues remain to be addressed. Here we report THz emission in Ni/Cr bilayers with various
Cr thickness fcr and discuss the effect of angular momentum current in this system. We deposited films with
the following stacking structure using ultrahigh vacuum magnetron sputtering: fused silica glass sub. | Ni(5)
| Cr(tcy) | AL(3) (thickness in nm). THz emission was measured via a THz time-domain spectroscopy (THz-
TDS) with a Ti: Sapphire fs laser [3]. A pump laser pulse was linearly polarized, and emitted THz was
detected via electro-optic sampling with a ZnTe crystal. Fig. 2 shows the THz emissions for fc; = 3 nm
applying the magnetic field A of about £10 mT. The THz signal was flipped with the sign of magnetic field,
indicating the magnetic origin. The THz signal exhibited the maximum at #c; = 3 nm and decreased with
increasing tc;, which means that the THz emission originates from the conversions of spin and/or orbital
angular momentum current induced by the pulse laser into transverse charge current [1]. We will discuss
physics in detail in this presentation.

This work is partially supported by KAKENHI (21H05000, 24K21234), X-NICS (JPJ011438), and Spin-
RNIJ. K. I. acknowledges Grant-in-Aid for JSPS Fellow (22J22178). K.I. and K.N. thank to GP-Spin at

Tohoku Univ.
[1]T. Seifert, et al. Nature Photon 10, 483488 (2016). [2] Y. Xu, et al. Nat Commun 15, 2043 (2024).
[3] K. Ishibashi, et al., Phys. Rev. B 107, 144413(2023). 3000
FM_ NM 2000 3
fs pulse laser THz emission 1000 $ 9] i,
% 0 E@f !
O = -1000 1 L &
spin 2000
or
orbital —3000°— ) 5 1
Delay time [ps]
Fig. 1 schematics of the mechanism of THz Fig. 2 THz emissions for a Cr thickness #c; =

emissions via the spin and orbital Hall effect. 3 nm applied with positive (red) and negative

(blue) magnetic fields of about 10 mT.

© 20255 [CHMEES 08-106 10


mailto:soma.miki.d8@tohoku.ac.jp

15p-P07-45 E72EH AR AESLIHES BETHE (2025 RREBRAS HEF v/ I28A4V5(Y)

YIG/Pt-Rh ic B} 5 A& v ¥ —~ v 73R OB
Observation of Spin Seebeck Effect in YIG/Pt-Rh
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Kyushu Univ.!, S. Sahara!, Y. Kurokawa', H. Yuasa'
E-mail: sahara@mag.ed.kyushu-u.ac.jp
[Introduction]

Thermoelectric power generated from spin Seebeck effect (SSE) can be enhanced by using
the heavy metal with high spin Hall conductivity. In this study, to fabricate binary alloy with
high spin Hall conductivity, we use Rh and investigate SSE using YIG/Pt-Rh film, where Rh
has an fcc crystal structure similar to Pt, and their lattice mismatch is only less than 2.7%.
[Experiment]

Figure 1 shows sample structure images. YIG (50 nm)/ Pt,Rhigo., (3 nm) bilayer films were
deposited by using sputtering method. The Pt composition x was varied from 0 to 100. The
YIG layer was annealed at 1023 K in air to obtain garnet crystalline structure. The spin
Seebeck voltage Vise was measured under various temperature difference AT while a in-plane
magnetic field H is swept from —0.3 T to +0.3 T. The AT was applied on the sample by using
a pair of Peltier devices. We also measured resistance of the samples with probes distance 10
mm.

[Result]
Vsse

Figure 2 shows the dependences of o

and R on the Rh composition x. While the %
shows the maximum value around x=60 in similar to SSE using the other binary alloys [1][2],
the resistance shows a simple increase with increasing x unlike most binary alloys. To obtain
Ysse high but also R. However, in

AT
and R. The mismatch between trends of

the power from SSE devices, it is needed to realize not only

. .. . V.
general, there is a positive correlation between Z;E

Vssg
AT

Vssg

and Rin YIG/ Pt-Rh suggests that we get the composition with the high and the

low resistance simultaneously.

[Acknowledgement] This study was supported by KAKENHI (No. JP23K22827,
JP22KK0056, JP24H00030, JP24H02235, and JP24H02235), the Center for Spintronics
Research Network (Osaka), and the X-NICS (No. JPJ011438).

[Reference] 1y 1
0.8 F 0.8
[1] H. Li et al.,, Jpn. J. Appl. Zos os
Phys., 59, 073001(2020) . Z0s o pwE
Z 02 e L o2
[2] H. Yuasa et al., J. Phys. , Avar |
D: Appl. Phys. 51 134002 Lo e s
(2018). Fig. 1 Sample structure Fig. 2 Resistance and VZ% as

functions of Rh composition
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Mapping in-plane magnetization in Co thin film
using laser-induced anomalous Nernst effect
Soichiro Mochizuki', Itaru Sugiura?, Teruo Ono?,
Takuya Satoh!, and Kihiro T. Yamada'
! Department of Physics, Institute of Science Tokyo, Tokyo 152-8551, Japan
’Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan

The anomalous Nernst effect (ANE) generates the electromotive force in the direction of a cross-product of
magnetization and temperature gradient. The ANE can be studied using not only homogeneous temperature
gradients formed by heaters but also localized temperature gradients generated by laser irradiations. Because
a large localized temperature gradient can be created via the laser irradiation method, we can obtain
information on the in-plane magnetization component in the transverse direction of a magnetic wire as
previously reported [1, 2]. However, a complete determination of the in-plane magnetization vector requires
simultaneously detecting the ANE voltages in two orthogonal directions in the film plane.

Here, we report a vector imaging of the in-plane magnetization using the laser-induced ANE. We fabricated
a magnetic thin film with the composition of Ru(5 nm)/Co(10 nm) on a sapphire (0001) substrate at room
temperature by DC sputtering. The thin film was processed to Hall devices with a cross size of 0.4 mm x 0.4
mm by standard lithography techniques. We modulated the intensity of green laser beams at a frequency of
84 kHz; then, the laser beams were focused on the surface of the device with a diameter of 6 um by an
objective lens. Here, the average laser power was set at 57 mW. After magnetic domain walls were formed
by an external magnetic field, we simultaneously measured ANE voltages along the two orthogonal directions
while scanning the device inside a 100 pm x 100 um area. As a result, we succeeded in visualizing the
magnetization directions in the magnetic domains. In the presentation, we would like to show more

experimental details and discuss the results.
References

[1] M. Weiler et al., Phys. Rev. Lett. 108, 106602 (2012).
[2] R. lguchi et al., Sci. Rep. 9, 18443 (2019).
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FEART LT hr=7 AZBWT, BERLEMEREEEBT LAY fr=7 2N FEH I T
Wb, ZOAE ha=J AZHHA LAY VB2 EBT H7201I0E, AV 5O ARFTR
Thd, ACAGELBNT H7-DI11%, MEMEENP DAV U RBL7cE 22U 2 /(SO X D 72
KA~ BESFEATILERN DD, ZNETOMELY, SIRESIBOREMI DAL 5T
B L EEWLNICLTER, U ZCARIIETIE, BIREp A Si Be-SHcER L, TOIERMEMST
EREM S OREREZMT 52 2B E LT,

p*-Si B oOERIC I, FEARPER L 72 Silicon on
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L p'Sifgb TaN LRI DL LB, n @R
S>TWAHFig. 1 2, LT, p'-SiEE n'-SiEDn
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Fig. 1 Annealing temperature (7a) dependence of

impurity concentration (n) in the fabricated
p'-Si layer.
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Table. | Annealing temperature (7a) dependence of
impurity concentration (n) and surface
roughness (Ra) in the fabricated p*-Si layer.
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Fig. 2 AFM image after annealing at 750°C.
[(a) Si annealed once (b) Si annealed twice]
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Perpendicular magnetic tunnel junctions with cubic GaN barrier
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Magnetic tunnel junctions (MTJs) exhibit tunneling magnetoresistance (TMR) effects, which are applied for
HDD reading head, memory, sensors, etc. Current standard materials are FeCoB and MgO, whereas various
materials are being explored for advanced technology of MTJ devices [1-4]. One of the demands is new
barrier material exhibiting both large TMR and low resistance [3,4], and a good candidate would be cubic
wide-bandgap oxide semiconductors crystallizing on (001) planes of magnetic films [3-5]. In this study, we
explore metastable cubic nitride widegap semiconductor c-GaN (001) with a bandgap of approximately 3
eV as a tunnel barrier for out-of-plane magnetized MTJs.

The MTIJ stacks were deposited on single crystal MgO(100) substrate using an ultrahigh-vacuum magnetron
sputtering system with a base pressure below 5x107 Pa. The stacking structures was
substrate/Cr(40)/MnGa(50)/Mg(0.4)/CoMnFe(1.2)/Mg(0.4)/Mg0O(0.6)/GaN(1)/MgO(0.6)/CoFeB(1.2)/Ta(3
)/Ru(5) (thickness is in nm). We also prepared a similar stack with a single 2.0-nm-thick MgO barrier instead
of MgO/GaN/MgO for comparison, as already reported elsewhere [6]. The MTJ device fabrication was

performed using standard optical lithography with Ar ion “

etching. The MTJs were annealed in a vacuum furnace with
different annealing temperatures (73,). Transport measurements a0 |
were carried out using the standard four-probe method at 300K.

Figure 1 shows hysteresis loops for the TMR effect in p-MTJ, §
which were measured after the annealing at 7, =300°C. We = -
observed perpendicular magnetization for the top CoFeB layer, 10 f

FEFETrEN AT SN S EA A AR

indicating that large perpendicular magnetic anisotropy is
maintained even in the presence of the GaN layer. The maximum
TMR ratio of ~47% and ~110% were observed with and without
the GaN layer, respectively. We also observed that the resistance

-25-20-15-10 -5 0 5 10 15 20 25
H (kOe)

area product (RpA) of 8.2x10° Qum? and 1.3x10* Qum? of p- e S i i i i L ]
MTJ at T, =300°C with and without GaN layer, respectively, 100 E
possibly due to a reduced barrier height. In the presentation, we si E e
will discuss more details with a comparison of the data obtained ,\E
in-plane magnetized MTJs with GaN layers having different S o . _
thicknesses S w0 u 3
This work is partially supported by KAKENHI (21H05000), - : _
CREST(JPMIJCR17J5), and X-NICS of MEXT (JPJ011438). H. E ]
K. thanks to GP-spin at Tohoku University 05 d
References -25-20-15-10 -5 0 5 10 15 20 25
1. T.Ichinose etal., J. Alloy. Compound. 960, 170757 Yo
(2023). Fig. 1 TMR hysteresis loops in p-MTJ as the
D. Kumar et al., STAM, 25(1), 2421746, (2024) function of magnetic field for (a) with and

H. Sukegawa et al., Appl. Phys. Lett. 110, 122404 (2017).  (b) without GaN barrier at 7, = 300°C.
S. Mertens et al., Appl. Phys. Lett. 118, 172402 (2021).
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Fabrication and evaluation of molecular nanojunctions
utilizing Ni7sFe2; thin-film edges
°Chika Hashimoto!, Mizuki Matsuzaka', Ryunosuke Miyamoto', Takumi Ueda'! and Hideo Kaiju'?

Keio Univ.! and CSRN, Keio Univ.2
E-mail: jiax2@keio.jp

Molecular spintronics has been attracted much attention because of the unique possibilities. Especially,
a large magnetoresistance (MR) effect has been observed in nanosized molecular spintronic devices, in which
a high spin polarization is realized due to the effective orbital hybridization between molecules and magnetic
materials [1]. Recently, the positive MR effect was observed in NizgFex (Py)/2,7-dioctyl[1]benzothieno[3,2-
b][1]benzothiophene (C8-BTBT)/Py nanojunction with a junction area of 42 x 42 nm? at room temperature
[2]. However, the properties of nanojunctions with junction areas larger than 42 x 42 nm? have not been
clarified. In this study, we fabricate Py/C8-BTBT/Py nanojunctions with junction areas larger than 42 x 42
nm?, and investigate spin transport properties.

Fig. 1 shows a schematic of Py/C8-BTBT/Py nanojunctions utilizing Py thin-film edges. The fabrication
procedure of nanojunctions includes sputtering, thermal pressing, mechanical cutting, polishing, and off-
center spin coating. The magnetic properties were measured by focused magneto-optical Kerr effect. The MR
properties of the fabricated nanojunctions were evaluated by DC four-probe method under a magnetic field
at room temperature.

Fig. 2 shows the magnetic properties of glass/Py (186 nm)/glass. The coercivity of Py thin films increases
from 4.2 to 13.0 Oe with increasing the pressure from 0.25 to 1.0 MPa during the thermal pressing. The
difference of coercivity can produce the parallel and anti-parallel magnetization configurations in Py/C8-
BTBT/Py nanojunctions. As shown in Fig. 3, we have successfully observed a positive MR effect at room
temperature in Py/C8-BTBT/Py nanojunctions with a junction area of 186 x 186 nm?. The positive MR effect
is also observed in nanojunctions with junction areas of 85 x 85 and 131 x 131 nm?. The junction area of 186
x 186 nm? is the largest one in our proposed nanojunctions. The present study may pave a new avenue to

reveal spin transport mechanism in molecular nano-devices.

854G Py thin films T ! T T T T
resnm 3 ai — R.T. |
7 < 1 : _ Positive
> S
> ()
%:) 5 e
'\ N IR W ¥ ¥ W S— s
2 ko
2 3
C8-BIBT = o
]
= {
-1 A 1.00 MPa
- | | 1 i I 025 N!Pa 1 I 1 I | ]
85-186 nm -40 -20 ‘ 0 . 20 40 -40 -20 0 20 40
Magnetic field (Oe) Magnetic field (Oe)

Fig. 1 Schematic illustration of Fig. 2 Magnetization curves of Fig. 3 MR effect in Py/C8-BTBT/Py
Py/C8-BTBT/Py nanojunctions.  glass/Py (186 nm)/glass. nanojunctions with a junction area of
186 x 186 nm?.

[1] C. Barraud et al., Nat. Phys. 6, 615 (2010).
[2] M. Matsuzaka et al., Nanoscale Adv. 4, 4739 (2022).
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Synthesis of few-layer hexagonal boron nitride
for magnetic tunnel junction application
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EREH ST HU® MRAM R EICAVSNTULDESR b RIUEE(MT)FRFIE. aEREEEE
BEHOSANSREAMKES S bR VESIETL(TMR) (b Z EIR B8RS b > R)LIEDMHLE
RIBETH D, IEFTIE. DR THDIANARBERIR(hBN) ZiEREE LTRSS LT,
=EFNEZHD hBN (C fcc(111)BEZ EDOMMEEBEBMZAND & WIMEDOESE(CKLD>T
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MBSOz, S, =B LD
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Fig. 1. (a) Cross-sectional STEM image of the hBN-MT]J device,

(b) TMR behavior of Co/hBN/Ni-Fe with a 10 um channel size.

[1]1 H. Lu et al., Appl. Phys. Rev., 8, 031307 (2021).

[2] P. U. Asshoff et al., 2D Mater., 4, 031004 (2017).

[3]Y. Uchida et al., ACS Nano, 12, 6236 (2018).

[4] Y. Uchida et al., ACS Appl. Electron. Mater., 2, 3270 (2020).
[5] S. Emoto et al., ACS Appl. Mater. Interfaces, 16 31457 (2024).
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First-principles calculations of tunnel magnetoresistance effect
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Magnetic tunnel junctions (MTJs) exhibit a large tunnel magnetoresistance (TMR) effect [1,2]. The TMR
effect strongly depends on the lattice matching between magnetic and insulating layers. In a recent study, a
significant TMR ratio of 631% was achieved in lattice-matched FeCo/MgO/FeCo MTJs at room temperature
[3]. In this study, we investigate the tunneling transmittance and conductance of electrons, and TMR ratio in
good lattice-matched MTJs using first-principles calculations.

We used Quantum ESPRESSO for first-principles calculations. The calculated structures are Fe-based
MTlIs, consisting of Fe/MgO/Fe, Fe/SrTiOs/Fe, and Fe/InP/Fe, and FeCo-based MTlJs, consisting of
FeCo/MgO/FeCo, FeCo/SrTiO3/FeCo, and FeCo/InP/FeCo. First, we performed structural relaxation for
each MTJ in parallel magnetization. Then, we calculated the tunneling transmittance and conductance in
parallel and antiparallel magnetizations using the Landauer-Biittiker method. Finally, we calculated the TMR
ratio for each MTJ from the obtained conductance.

Table 1 shows the conductances Gp and Gap in parallel and antiparallel magnetizations, respectively, and
TMR ratio for MTJs. We obtain large TMR ratios of 8920% and 6420% in Fe/MgO/Fe and FeCo/MgO/FeCo
MTIs, respectively. Figure 1 shows the kj-resolved conduction spectra of majority spins in parallel
magnetization. The suppression of the conduction through the A; band of majority spins as well as the
enhancement of the conduction through other bands leads to the decrease of TMR ratio in SrTiOs-based and
InP-based MTJs, whereas the robust conduction through the A; band of majority spins contributes to large
TMR ratio in MgO-based MTJs.

Table 1: Conductance in parallel and antiparallel

magnetizations, respectively, and TMR ratio for MTJs. 35‘ :

Gp Gap \ o

MTlJs TMR ratio o ot
Y@t (@ m?) v

04 -0z 00 02 04 04 -02 00 02 04

Fe-MgO 0.508 0.00564  8920% K ke
(d) : .
Fe-StTiO; 51.4 15.7 229% H’;§§ H :
Fe-InP 64.9 32.6 100% < H ’ H ;s
FeCo-MgO 0.673 0.0103 6420% I 1. —— ]
x kx
FeCo-SrTiO; 20.8 492 324% Figure 1: kresolved conduction spectra (in units of Q) of majority spins in
parallel magnetization for (a) Fe/MgO/Fe, (b) Fe/SrTiOs/Fe, (c) Fe/InP/Fe,
FeCo-InP 41.5 8.03 416%

(d) FeCo/MgO/FeCo, (e) FeCo/SrTiOs/FeCo, and (f) FeCo/InP/FeCo MTlJs.

[1] S.S. P. Parkin et al., Nat. Mater. 3, 862 (2004). [2] S. Yuasa et al., Nat. Mater. 3, 868 (2004).
[3] T. Scheike et al., Appl. Phys. Lett. 112, 112404 (2023).
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Efficient Optimization of Interfacial Structures in Lattice-Mismatched Fe/MgO
Interfaces Using Machine Learning and DFT Integration
Mie Univ.', °Andi MuhNurFitrah Syamsul', Kohji Nakamura'

E-mail: 424de01@m.mie-u.ac.jp

Magnetic Tunnel Junctions (MTJs) with Perpendicular Magnetic Anisotropy (PMA) are crucial for
advanced memory technologies, particularly STT-MRAM [1]. The Fe/MgO interface is of significant
interest due to its strong PMA and voltage-controlled magnetic anisotropy (VCMA) properties [2].
However, interfacial defects, exacerbated by the inherent lattice mismatch between Fe and MgO crystal
structures, substantially impact device performance by altering magnetic properties and degrading crystal
quality [3]. Recent studies have revealed that the Fe deposition method on MgO (001) significantly impacts
crystal quality, with DC magnetron sputtering producing lower-quality crystals compared to other
substrates [3]. Over-oxidation and under-oxidation in FesN/MgO systems create various defects, while
Density Functional Theory (DFT) calculations show that Frenkel and Schottky defects preferentially form
at the MgO surface, affecting its structural properties [4], [5]. To address these challenges, this study
employs the Global Optimization with First-principles Energy Expressions (GOFEE) method to explore
interfacial defect structures in Fe/MgO (001) heterostructures [6]. DFT calculations are performed using the
linear combination of atomic orbitals (LCAO) mode with the Perdew-Burke-Ernzerhof (PBE)
exchange-correlation functional, k-point sampling density of 2.0 points per A™! with gamma-point inclusion,
and a double-zeta polarized (dzp) basis set. After 100 GOFEE iterations, two optimized Fe/MgO structures
emerge with distinct characteristics. The first structure exhibits well-ordered body-centered cubic (bcc) Fe
arrangement despite noticeable oxygen atom displacement in the MgO layer, while the second structure
shows compromised bcc Fe crystallinity but maintains minimal oxygen shifts in the MgO layer. The
correlation between oxygen atom positions and Fe crystal quality suggests that interfacial oxygen dynamics
play a crucial role in determining the structural integrity of the Fe layer. These atomic-scale insights
uncover subtle interfacial defect mechanisms that conventional methods might overlook, particularly the

role of oxygen displacement in determining interface quality.

[1] Scheike, T., et al., Appl. Phys. Lett., 122 (2023), 112404.

[2] Nozaki, T., et al., APL Mater., 6 (2018), 026101.

[3] Ravensburg, A. L., et al., Thin Solid Films, 761 (2022), 139494,

[4] Huma, T., et al., Nanomaterials, 12 (2022), 2668.

[5] Van Gog, H., and Van Huis, M. A., J. Phys. Chem. C, 123 (2019), 14408.
[

6] Bisbo, M. K., and Hammer, B., Phys. Rev. B, 105 (2022), 245404.
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Flux concentrator effect in magnetic tunnel junctions of orthogonal magnetic configuration

for ultrasensitive magnetic sensors

ARBUTF—FKE ", NAIAS, IMaSS ZEHE K 2 CSIS, CIES HRILKE S
Ziad. Ali', 7k;8B 1%.,%® Shan Wang', Ada Poon'
Stanford University', NAIAS, IMass, Nagoya Univ. 2, CSIS, CIES Tohoku Univ.}?
Ziad. Ali", Hiroshi Naganuma,®® Shan Wang', Ada Poon'

E-mails: naganuma.hiroshi.j2@f.mail.nagoya-u.ac.jp, hiroshi.naganuma.c3@tohoku.ac.jp

The sensitivity of magnetic sensors has significantly increased than that of reading heads in hard disk
drives (HDD), and research efforts are currently being used for biomedical applications. In the future,
bio-magnetic sensors may also potentially contribute to the research and development of brain chip
technology that directly connects the human brain to a computer. The advantage of magnetic sensors over
conventional electrode detection is that the stray magnetic field of bio-signal is not influenced by dielectric
constant distribution. However, the sensitivity and noise level of the magnetic sensor using magnetic tunnel
junction (MT]J) is under development. Our aim in this study is to detect neurons firing signals using
orthogonal-type MTJ with flux concentrators placed above and below orthogonal-MTJ. The

orthogonal-MT]J has a perpendicular

Inlet width

Flux Outlet width
: vo-E

reference layer and in-plane sensing ‘ ' '
Inlet

layer, the magnetic configuration is "9
‘ MgOR> %L Mg
. . . Outlet
orthogonal. [Fig.1] We investigated height.. s
the optimal structure of each size of 1 omet T 1 e N
+
junction and flux concentrator using
20 607
an electromagnetic simulator and
§'° § 40
micromagnetics simulation. As a 3§ g
%.10 '.T-;. Relative
result, we found that s Relative E 20 Permeability (1,)
51 Permeability (1) ® 250
. 250 5000
orthogonal-MTJ  with a  flux 5000 i
0 T T T T 1
1 2 3 4 (1] 1 2 3 4 5
concentrator can improve the Outlet width (um) Flux Concentrator Outlet and Inlet Height (um)

sensitivity by about 1,000 times  Fig.1 Structure of orthogonal-MTJ with top and bottom flux
concentrator, and their amplication by design of top-flux

compared with  orthogonal-MTJ -~ inir

without a flux concentrator.

This work was partly supported by JSPS core-to-core project No. JPISCCA20230005, KAKENHI
(N0.23H03803, and No. 24K01346), and by the Nagoya University Program for Research Enhancement.

© 20255 [CHMERES 08-115 10



15p-P0O7-54 HT2EHANESRESLHHES HETHE 2025 RREBHAZ BHEF v/ 2&AVS(Y)

Observation of all-optical switching in Gd/Co ferrimagnetic multilayers
by a femtosecond laser pulse

!National Institutes for Quantum Science and Technology, Takasaki, 370-1292, Japan
2 University of Hyogo, Ako, 678-1297, Japan
*Songtian Li!, Ryunosuke Takahashi?, Hiroki Wadati?, Ye Du', Seiji Sakai'
E-mail: li.songtian@agst.go.jp

Development of new high-speed magnetization reversal technology is essential for further
increasing the speed and energy efficiency of nonvolatile magnetic memories. In recent years, all-
optical switching (AOS) using ultrashort pulse laser has attracted extensive attention due to its
potential for realizing ultrafast magnetic memory with speed order of picoseconds and low energy
consumption®. Until now, research on AOS has been focused on the ferrimagnetic GdFeCo alloy?,
but this alloy has problems such as difficulty in controlling the composition-dependent AOS
properties and low spin polarization, which harm its application to AOS memory. The development
of novel materials capable of AOS is thus anticipated. In this study, we report our recent research
activities on achieving AOS in an artificial ferrimagnetic Gd/Co multilayers as novel candidate
material for AOS memory applications.

Multilayer thin films consisting of Ta(3 nm)/Pt(3 nm)/Co(0.8 nm)/Gd(3 nm)/Pt(3 nm) with
perpendicular magnetic anisotropy were prepared on a thermally oxidized silicon substrates (Fig.
1a) by magnetron sputtering. The AOS experiment was performed using an ultrashort pulse laser
with pulse width of 280 fs and wavelength of 1050 nm. The change of the magnetic state before
and after the irradiation of the pulse laser was taken by magneto-optical Kerr effect (MOKE)
microscope. Fig. 1b shows the differential MOKE image which presents the difference on magnetic
state before and after the 1% pulse irradiation, where a bright contrast indicates that magnetic state
changes by the single pulse irradiation. Fig. 1c shows the differential MOKE image which presents
the difference on magnetic state of the irradiated area after the 1% pulse and 2" pulse irradiation,
where a dark contrast indicates the magnetization changed again after the 2" pulse irradiation. If
we process the differential MOKE image by subtracting the original state from the state after the
2" pulse irradiation which was shown in Fig. 1d, we found no contrast in the differential image,
which confirms the magnetization of the irradiated area was completely recovered after the 2"
pulse irradiation. Those results demonstrate a perfect AOS was achieved in Gd/Co ferrimagnetic
multilayers. The energy density dependence of AOS and possible application to AOS magnetic
memory will be discussed in detail.

Contrast

2" pulse-1%t pulse

Pt (3nm)

Si0,/Si sub.

71‘ 0 %;5 0.0 0?5 1‘0
Magentic field (T)

Fig. 1 a) Out-of-plane hysteresis loop taken by MOKE; b)-d) Differential MOKE images.

Reference:

1) A.V.Kimel and Mo Li, Nat. Rev. Mater. 4, 189 (2019)
2) C.D. Stanciu, F. Hansteen, A. V. Kimel, A. Kirilyuk, A. Tsukamoto, A. Itoh, and Th. Rasing,
Phys. Rev. Lett. 99, 047601 (2007)
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Wavelength dependence of optical absorption properties
of GdFeCo thin films with optical interference layer
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Measurement of spin-orbit torque magnetization switching in Co/Gd multilayers
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Hisatomi®?, Shutaro Karube!?, Teruo Ono'?

E-mail: yoshida.shoko.72n@st.kyoto-u.ac.jp

Domain wall motion memory is a candidate for the next generation memory due to its excellent
features such as high-density and non-volatility. In this memory, domains separated by domain walls
(DWs) in ferromagnetic nanowires correspond to logic bits, and the DWs can be controlled by spin-transfer
torque generated from an application of charge current, allowing the logic bits to be transported to any
storage position. The vertical domain wall motion memory that we have recently proposed [1] has shown
that low critical current density and high thermal stability can be achieved by tuning the parameters of each
layer. In this study, we aim to achieve faster operation, suppression of dipolar interactions, and increased
writing efficiency due to spin-orbit torque (SOT) by replacing the ferromagnetic material in the layer with
high perpendicular magnetic anisotropy with the ferrimagnetic material of Co/Gd multilayers.

Multilayer films with Si-SiO.//Ta(5)/Pt(10)/Co(0.6)[Gd(1.2)Co0(0.6)]+/Cu(5)/Pt(2) (n = 1~4) structures
were fabricated by sputtering, where the unit in parentheses is nm. The films were fabricated into the Hall
device. The anomalous Hall effect (AHE) measurements show that the multilayers exhibit perpendicular
magnetization. Then, SOT switching experiments were performed to investigate the critical current density.
The switching current density in ferrimagnetic Co/Gd multilayers was estimated to be smaller than that in
the Si-Si02//Ta(5)/Pt(10)/Co(1.2)/Cu(5)/Pt(2) film measured as a reference experiment. From this result, it
can be expected that our approach will be effective in creating energy-saving memories that can be written
at smaller current densities by using ferrimagnetic materials instead of ferromagnetic materials.

[1] Y.M. Hung et al., J. Magn. Soc. Jpn., 45, 6-11 (2021)

-
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Fig. 1. The left figure illustrates the principle of operation of vertical domain wall motion memory. From the bottom write layer, the
magnetization information is transferred to the pink layer with low magnetic anisotropy, and by driving the domain wall, the magnetization
information is written to the orange layer with high magnetic anisotropy (the layer corresponding to the logic bits). In this research, a Gd/Co
multilayer structure is used for the orange layer (right figure); at the Co/Gd interface, the direction of magnetization is opposite, resulting in a

multilayer ferrimagnet.
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Attachable spin orbit torque device on thin polyimide sheet
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[Introduction]

Magnetic thin film is one of candidates for flexible memory because a magnetic material has a sufficient
resistance against bending [1]. Although various plastic sheets can be used as substrate for a magnetic
device, the substrate should have sufficient heat resistance because magnetic thin film for the memory
device needs annealing process. In this study, we fabricated magnetic thin film patterns on the polyimide
(PI) sheet, which have sufficient heat resistance, and observed magnetization switching by spin orbit
torque (SOT) induced by electric current. Additionally, we bonded PI sheet and polydimethylsiloxane
(PDMS), and observed magnetization switching by SOT.

[Experiment]

10 um-thick PI sheets was fabricated by spin coating method using PI varnish on Si substrate. The
Ta(5)/CoFeB(1)/MgO(2) (units are nm) multilayered films were deposited on the flexible PI sheet on Si
substrate using a DC magnetron sputtering method. The 10 um-width Hall cross and electrode patterns
were obtained by using a photolithography. The magnetic properties of the samples were measured by
vibrating sample magnetometer (VSM). The magnetization switching was measured by applying

electric current under in-plane magnetic field Hx.

[Results]
Magnetization curves showed the CoFeB film on PI sheet has
perpendicular magnetic anisotropy. The SOT-induced magnetization

switching in the CoFeB wire on PI sheet was successfully obtained by

applying current. We bonded PI sheet and PDMS, shown in Fig. 1. The

SOT-induced magnetization switching in the CoFeB wire on PI sheet Fig. 1 Photograph of device
) ) ) with PI sheet bonded on

with PDMS was also successfully obtained by applying current. PDMS.

[Acknowledgements] This study was supported in part by the JST,

ACT-X Grant Number JPMJAX21K5 and Murata Science and Education Foundation.

[1]S. Ota et. al, Appl. Phys. Express 9, 043004 (2016).
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All-Optical Magnetization Switching in Ferromagnet-Ferrimagnet Coupled Films with
Perpendicular Magnetic Anisotropy
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All-optical switching (AOS) of magnetization presents a promising pathway for realizing opto-spintronic
applications. Recent studies highlight the potential of integrating AOS with magnetic tunnel junctions
(MTlJs) for optically-accessible MRAM, in which the data is recorded via AOS in ferrimagnets [1-4].
However, to realize practical memory application, enhanced device performance including tunnel
magnetoresistance for data reading, as well as high magnetic anisotropy for data retention, are required.
Here, we  investigated AOS in  ferromagnetic-ferrimagnetic =~ coupled  nanostructure
MgO(2)/CoFeB(1.2)/Ta(0.6)/Co(1)/Gd(3)/Pt(2) deposited on Si/SiO; substrates via a magnetron sputtering
[4], where the 0.6-nm-thick Ta spacer is used for the interlayer exchange coupling in the present study.
Figure 1 shows the polar magneto-optical Kerr effect (MOKE) loop of the stack at different annealing

temperatures. Decent perpendicular magnetic anisotropy

(PMA) is achieved at annealing 200°C and 300°C, ] j‘“

compatible with MTJ process. Using femtosecond laser Eom _W%% 1“\‘ I

pulses, we investigated AOS via Kerr microscopy, as shown % 000 'L.:""I“':*-T.."_h 1

in Fig. 2. A signature of complete magnetization reversal g—o.m— Ma0zCor o5 1.2/Ta06 H .%'"%.,,“_;

under zero magnetic field at a laser fluence of 1.7 mJ/cm? is 002 o e 1-*..__
e 300 P

clearly shown. We will present the detailed experimental - . 0 1

Magnetic Field (kOe)
data in the presentation. This work was supported by Fig. 1 The polar MOKE loops of the

KAKENHI (24K21234, 21H05000), MEXT X-NICS sample annealed at different temperatures.
’ ’ Decent PMA is observed at annealing

(JPJO11438), and Spin-RNJ. KN and K.I thank to the  200°C and 300°C.

GP-Spin at Tohoku Univ. K.I thanks to the JSPS fellow.
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Fig. 1 Anomalous Hall voltage response
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