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Fig.1 The sample structure of the CrTe/MnTe Fig.2 M-H curves of CrTe/ MnTe bilayer films at 2K.
bilayer film. The magnetic field was applied parallel to the film plane.

© 2025% ISRYEES 10-011 10



7p-P03-2 HL6EIE MBS AT LAHES WETHE (2025 WA RAFr> /(R &FVFMY)

Variation in anomalous Hall effect in thin films of altermagnet o.-MnTe grown by MBE
Grad. Sch. Pure & Appl. Sci., 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 ferromagnetic hysteresis in both the magnetoresistance and the
anomalous Hall effect[3]. In this study, we performed Hall measurement on a-MnTe thin films in order to clarify
the origin of anomalous Hall effect.

MnTe films were grown using MBE by supplying Mn and Te flux onto an InP(111)A substrate. The substrate
surface was treated with or without cleaning using rf-excited hydrogen (H) plasma and the MnTe layer was
deposited on it. By optimizing the growth conditions, the substrate temperature 7s at 400°C and the Mn and Te
flux ratio at Te/Mn = 10, we successfully obtained pure a-MnTe without any extrinsic phase.

We performed the Hall measurement on the MnTe films with and without H-cleaning under the application of
magnetic field perpendicular to the film plane. Figure 1 (a) shows the field-dependence of the anomalous Hall
resistivity (p,,, — H), obtained by subtracting a linear component of the ordinary Hall effect from the measured
Hall resistivity. The hysteresis was observed below 150K in the film without H-cleaning and the magnitude of
Pyy Was enhanced significantly at temperatures above 200 K. On the other hand, the hysteresis appeared up to
225 K in the film with H-cleaning, and the magnitude of p,,, was enhanced significantly at temperatures above
200 K. Figure 1 (b) shows the temperature dependence of p., at zero field (spontancous p,,) and the
saturation value (saturated p,,) for the films with and without H-cleaning. The spontaneous and saturation
values exhibit in principle similar trend with the temperature variation[4], but the changes with temperature are
more pronounced in the film with H-cleaning. The in-plane lattice constant of 0.4151nm in the InP (111) plane
exhibits excellent lattice matching with that in c-plane of a-MnTe (a = 0.4149 nm). A slight difference in the InP
surface treated with and without H-cleaning is likely to affect the stacking of MnTe on the InP surface, which
may cause a difference in magnetic and transport properties of the MnTe layer. Details 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 Betancout et al., Phys. Rev. Lett. 130, 036702 (2023). [4] H. Bangar, et al. arXiv 2505.14589
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Fig. 1 (a) The magnetic-field dependence of anomalous Hall resistivity (p,., — #) at 200K of the a-MnTe films
with and without H-cleaning. (b) Temperature dependence of spontaneous (red marks) and saturated (blue
marks) p,,. of the MnTe films with and without H-cleaning.
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laser wavelength of 1075 nm and a laser power of 7.6 mW.
References:
[1] K. Etou et al., Phys. Rev. Appl. 16, 014034 (2021). [2] C. Rinaldi et al., Adv. Mater. 24, 3037 (2012). [3] W.
Van Roy et al., IEEE Trans. Electron Devices 54, 933 (2007). [4] X. J. Wang et al., Nat. Mater. 8, 198 (2009).
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Thickness dependence of diode efficiency
in superconducting Fe(Se,Te)/FeTe thin-film heterostructure devices
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°Kaito Arizono!, Kenshin Inamura!, Junichi Shiogai'?, Tsutomu Nojima3, Jobu Matsuno'

E-mail: arizono@interface.phys.sci.osaka-u.ac.jp

Superconducting diode effect (SDE), i.e., non-reciprocal response of the superconducting critical current
against polarity of magnetic field or bias, has recently attracted much attention for potential application to
ideal rectification devices [1]. We have recently demonstrated the observation of SDE in a superconducting
20-nm-thick Fe(Se,Te)/20-nm-thick FeTe heterostructure, which exhibits large superconducting critical
parameters and spin-orbit interaction [2]. From comprehensive measurements of critical current and second
harmonics resistance in a wide range of temperature and magnetic field, we have concluded that the
asymmetric pinning potential of vortices, which are coupled to the spin-orbit interaction, plays a main role
for inducing SDE [2]. Layer structure dependence of SDE in this heterostructure will provide further
physical insight into the vortex-induced SDE. In this study, we investigate dependence of the Fe(Se,Te)
layer thickness on SDE efficiency in the Fe(Se,Te)/FeTe thin-film heterostructure devices.

The Se capped -nm-thick Fe(Se,Te)/20-nm-thick FeTe heterostructures (inset of Fig. 1) with ¢ = 10,
20, and 40 nm were prepared on CaF»(001) substrates by pulsed-laser deposition [3]. The 100-pm-wide
bar-shaped devices were patterned by photolithography and water lift-off technique. All three devices
exhibit the clear SDE under in-plane magnetic field (B) perpendicular to the current, being consistent with
our previous work [2]. Figure 1 shows the magnetic-field dependence of diode efficiency #(B), which is
characterized by # = (I." — I)/(I." + I.7) for ¢t = 10 nm, 20 nm, and 40 nm. Here, I." and /.~ denotes the
critical current for positive and negative bias, respectively. For all the thicknesses, the |#(B)| value first

linearly increaeases with increasing B and decreases with

further increase of B, resulting in the peak structure. This 0.25 - -
0.20¢ t-nm

peak structure in #(B) is strongly dependent on #: As ¢ 0.15 ,
. . . 0.10 | RGN
increases, the peak value of #(B) increases while the peak 005}
position shifts towards smaller B. In this talk, we will < 8gg
discuss the thickness dependence of #(B) in the —0:10 -

-0.15¢ 1
Fe(Se,Te)/FeTe heterostructures based on the model —0.20} T/T,~05 1
considering asymmetric pinning of vortices. _0'2515 10 -5 0 5 10 15

B (T)

Fig. 1 Magnetic-field dependence of
Y. Kobayashi et al., Commun. Phys. 8, 196 (2025). [3] Y. | superconducting diode efficiency for
t-nm-thick Fe(Se,Te) / 20-nm-thick FeTe
heterostructure devices. (Inset) Schematic of
the heterostructures.

Reference [1] F. Ando et al., Nature 584, 373 (2020). [2]

Imai et al., Proc. Natl. Acad. Sci. USA 112, 1937 (2015).
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Observation of anisotropic spin dynamics in a (001) GaAs/AlGaAs
heterointerface suitable for electrical spin wave injection

Kento Sugawara', Koga Akagi', Jun Ishihara', Daiki Sekine’, Sota Yamamoto', Mineto Ogawa’,

Tetsuya Uemura®, and Makoto Kohda"*>**

1, Grad. School of Eng., Tohoku Univ., 2, QUARC, QST, 3, Hokkaido Univ, 4, CSIS, Tohoku Univ.,

5, DEFS, Tohoku Univ.

E-mail: sugawara.kento.t8@dc.tohoku.ac.jp

The Persistent Spin Helix (PSH) state emerged in semiconductor quantum wells when the Rashba and
Dresselhaus spin—orbit interactions are balanced [1]. In this state, a uniaxial effective magnetic field aligns
the spins in the two-dimensional electron gas (2DEQG) into a spatially periodic structure known as an electron
spin wave [2]. Recently, spin injection was demonstrated into a GaAs/AlGaAs single heterointerface 2DEG
from Co:MnSi [3], enabling electrical generation and detection of spin waves. In this study, we investigate
whether the PSH state can be achieved in a 2DEG at a single heterointerface.

The sample was a (001) GaAs/AlGaAs heterojunction grown by molecular beam epitaxy. We measured
electron spin dynamics using spatiotemporal magneto-optical Kerr rotation microscopy at 7= 8 K and an in-

plane magnetic field B = 4 T. Since the spin—orbit effective magnetic field is proportional to the electron

momentum, comparing the spatial gradients of the spin precession (a)  Experimental daia

% Excluded points
y-1
y-2
—Total Fit

frequency along the [110] and [110] directions enables evaluation of

the uniaxial effective field [4].

S, (arb. units)
(]

Figure 1(a) shows the time evolution of spin polarization. Since

0.5
beating of two spin precession frequencies is observed, the data are fitted 1
with a sum of two damped oscillatory functions to extract the spin 0 100 200 300
precession frequency (). Figure 1(b) shows the position dependence of (b) 2 H(ps)
Q along the x and y directions. For the x direction, no beating features 23 e ]
are observed, and only a single Q is extracted. Extracted ) for both '§22 T 1”*’5“")
directions and both frequencies exhibit only slight spatial dependence. Q2 ! Hrz;g;;
This might be attributed to a weak spin—orbit effective field or to spin c2op_ T’E"x'"'""*'r_*:_'f_‘:
signal from except for 2DEG. 1: ————————

-20 0 20

This research was supported by JSPS KAKENHI Grant No. 21H04647
and JST FOREST, CREST, and PRESTO programs (Grant Nos.
JPMIJFR203C, JPMJCR22C2, and JPMJPR24L4).

[1]J. Schliemann et al., Phys. Rev. Lett. 90, 146801 (2003). [2] M. P. Walser direction. (b) Position depen-
et al., Nat. Phys. 8, 757 (2012). [3] Z. Lin et al., Appl. Phys. Lett. 114,  jance of the spin precession
012405 (2019). [4] M. Kohda ef al., Appl. Phys. Lett. 107, 172402 (2015). frequency.

r(um)
Fig. 1. (a) Time evolution of
spin polarization along the y-
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REMERICE IR EVHR-BRER LS FERPOMR E 2 FwE
Spin-to-charge conversion in ferromagnetic metals and pure spin current transport
in molecular thin films
BRAXBET !, CMHE B=T' E@H @& 4F ®a'
Osaka Metro. Univ. !, °Makoto Segawa', Tatsuki Yoshida', Eiji Shikoh'
E-mail: sr25894b@st.omu.ac.jp

(R /T T TR ) WS Z U E TRk PSRRIV B, A B U RBERSC
AV URE S TICL DA PRIZ E - THHJE O A BBk RSl S 72 (1,2, L LR
5B TEEOEA AV AR B ZIC K DA Vil & Rk LR,
AHIFZE U3 H g | iR & VN ARSI 2 Microwave
L7oflin B s s K95 = L 2 B E L, Y e

ARV AT & Si FoM 1T NisoFeao (EE 10 nm)/PTCDA e ”y
5 T (30 nm)/Co(25 nm)D —JEfEEE} (Fig. 1)% {EH =0
L7z, NigoFex 3 L O Co 138 1- £ — L7351, PTCDA IX L)
IERUIAAE & S TR e, — F ORBAEE OB O
B(FMRICE DA VAR B 712 K - T PTCDA JEIZHl Fig. 1. Sample structure.
A B PR E AR L Bk ST A Ui A T OiERELEE
Dfi A R — VIRASHE)BIC L » TR+ 5 Z &
£ V. PTCDA Jg DffiA & L ik Rtk 2 58 L 7=,

Fig. 2(a)lZ = @245 FMR A2 kL %779, FMR
FAE72 5 193 Oe & 3080e DAE 5 A3 E4LE 41, Co & NigoFeo
® FMR IZHk3 % & HIWr L7-, Fig. 2(b)IZ R E D
NigoFezo JB Tt SN 7B FEE R, 2 DOBRRENE
KZNEND FMR BRI TERE DRI S, 2O/
XN ORI LN FEE LTz, 2D OREIFA B
W TR THEASND A UiiZ ISHE IZ X D 28
L CHRONLEENOREE —E L7, DL EX Y =@k
1730k} sub./NigoFea/PTCDA/Co (235 T PTCDA JE D A £
R A A LTz L a7, PRI S i s
B} sub./Co/PTCDA/NigoFexo & FAV 7= FEBRAE SR & & el 5t

25nm

30 nm

10 nm

(a)

& =0 deg.

& = 180 deg.

Absorbance (arb. units)

o
o

o

8 = 180 deg.

Voltage (¢ V)

'
o
[$)]

-1 1 1 1 1 1 L ! 1 1 I 1
0 100 200 300 400 500 600

PRI DWW TR T Do H(Oe)
[1] D. Huang, et al., Phys. Rev. B 107, 214438 (2023). Fig. 2. (a) FMR spectra and (b)
[2] S. Samdani, et al., Phys. Rev. B 110, 134440 (2024). dictated voltage properties of a sample
[3] E. Saitoh et al., Appl. Phys. Lett. 88, 182509 (2006). under the FMR, at 5 GHz.
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AEVRVEVTICL HZABBES FRIEOR E VRt & £ OXRHAMR
Spin transport properties of photo-conductive molecular thin films induced by spin
pumping and their photo-irradiation effects
BRAXBREL', CMES £F' M)A T|E' ®) 8FH " 4% s’
Osaka Metro. Univ. !, °Keigo Okajima', Shouki Yamada', Yuri Matukawa', Eiji Shikoh'
E-mail: sr25126a@st.omu.ac.jp

BRES T M EHI TR T HE TSN CODZENB AL OEELIC A 5 DA LB FE A
VER S B4 8 0 B H/ NS WD TR VA B OB & LTl B S C0D, ZIVETICER %
IR TN OB ) FRAE AR AT L DAL ik N EFESIVTND[1,2], FRIS, @ 741
BHZIB W TR U T BN I 0 LA Wik RS B DM 3 D[ 2], ZDTEDNH AL ik
DHENFERMEOF v ) 7 RO, HEEMEH T 20 FHEEZRWT, RICEo% V75
FEFIEZ O AUEAE Uk O3 ATiEE B 2 B b 2], AFZECIXEEBEEEZFTH
Rubrene 73 7D v 7 5 FE 2 YR G CHIEIT 5221250 Rubrene 77175 H1 oD ALt
RO YEHIEZ H & LT,

AR S FAR _EIZTITO(EE 60 nm)/Rubrene(50nm)/ NigoFexo(25 nm)| O = @i UEA
RIL7-, & REITNEIZ, RF A Sy 2V 705 BPUNEZE L, BEOE TE —LZEEEZ VTR
7=, NigoFex DFRMENESE(FMR)FILIZED AL R 7% VTS Sy - A
WA ERT D, ZOAE AL PP AR L, ITO JEIZRINEIND, ZORINSIIZ AL it
IF A AR — VB B (ISHEBIC Lo TEIR~LEHE N,

EREIE N L CRENELTHRIIENS, ZOREH 28] g ® Hpyg =291 Oe
WICEIUL, 5 F MO AL EOTELL A, FMR OF) 8,0
RICHIERAT R BR LA T =/ T T IAFDOEE 5 Gl e\
BRI 2 L A R R B R A e,

BIRFHEOFHINZIE T VR VA= S % 2,

Fig. 1 {Z FMR A~ KL & FMR B (Hewr) T2 T ITO
BbBINS REHEME AT, BEHOE—s78 o O
Hevr £ CBUAIS AU, ERES OEIINT 101 Q) D SR FE
FE O SN RER LT, ZOZEMBEESNIZEE T
ISHE ([ZXDEE DR #EE—ET D3], ZNHDOTEMNDL 05
ITO/Rubrene/NigoFeao D = J& 7 £ FAV YT Rubrene 4717 5

N

& =0 deg.

6 =180 deg. ¥

Voltage (1 V)
o

1 S S S S
-200-150-100 -50 0 50 100 150 200

DALk Z R LT SRl DU 7o, RIS 52 H-H . (0e)
A P N2 G ) - EEEN
Eﬁ%ﬁhﬁﬂ@ufﬁtmcuob\fuﬁwﬁﬂﬁéo Fig. 1 (a) FMR Spectra
[1] S. Watanabe, et al., Nature Phys., 10, 308 (2014). and (b) output voltage
rti ted i
[2] E. Shikoh, et al., Solid State Commun.,379, 115430(2024). properties generated in a

tri-layer structure sample
[3] E. Saitoh, et al., Appl. Phys. Lett., 88, 182509 (2006). under the FMR, at 5 GHz.
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REVRVEVITERWS D FHEBRZBEEDR E V#E
Spin-pumping-induced spin transport in molecular thin film bilayer structures
BRAKBEI !, OMNES B! M)E# BA' B B, #F &g
Osaka Metro. Univ. Eng. !, °Takeru Sano', Keito Takamatsu', Shusuke Waki!, Eiji Shikoh'

E-mail: sr25892e@st.omu.ac.jp

TR ILHE THERR SN DA TAPEHI A & BB EAER 2385 < A B U o2 b 72 &
ZRoN5TD, REBEOAE VIRENARRLEZEZ BN TVD, ZILETICEIIFHAEEA
EIZ Lo THRA G THEIO A B e N EFES N TE (1,2, —FH, TORAICIEEL

T IEAE RIS 2 B A BRSSO N LI TH 5, AWFFETIT I E TIZ
Pd/PTCDA 47 ¥ J&/pentacene 437 J& /NisoFeao D VU B & HUEHI X} L NigoFex D A B AR B 7T
XA kA IRELTZ[3], £7-. HH SN2 PTCDA B D A B &1 PA/PTCDA/NigoFex
R ERURHT KX D FHI[2] & EE N THIIN L 72, AR TILZ DA B ALBERIEIMMOER 28 5 7
¥»|Z pentacene & & PTCDA J& OFEENAFT 2 A11LE% 2 7= Pd/pentacene/PTCDA/NigoFexo MU JE 1 1 7}
(Fig. )0 2 U L et 2 #d L7,

BT U B, BB E R I, BT = Si 2 . Microwave
R _EIZ PA(JEJE 10 nm)/pentacene(30 nm)/PTCDA(d)/NisoFex0(25 nm) e y / ‘
PUBHEERE (Fie DA IEM LT, NigFen BOMBIEEBEMR)
JHEEIZ L DA R B 72 LD pentacene JBIZ A B LA TE
A L. pentacene/PTCDA Ji& % ik L7 A B iil% Pd DA &°
R—/VEIRASHE) 4l K W EEIZEIN D, ZDOEE OB Fig. 1. Sample structure.
IR A kDL E 72 5, FMR OhEIZIEZR Yy T —2 7 F
TAYLEHAT AW, ZEHOWEIZS VAV A—=2%H
Ay

Fig. 2 IZ3AELD(a)FMR A X727 kL & (b)FMR JibiL T C Pd @05
R ST E R Z R T, Hap fHTIZ B W TR E /03B <
AU, BRSO MO ERIZ W ERE ) OfF 5 b ifs L7z, Z (b)
NOORMEIFIAE YR I o THEASN DAY Uit E o
ISEKioT%@LT%EhéE%ﬁ@%ﬁ&—ﬁbkw&u:

D oy 1T B G D A BRI P LT R e,
EBRFIZIZIATHIGE & D % 5 oD TR DGR DWW Tk T 5o 080 g 0 S0 100 150

(a) Hpyr = 383 Oe

4 =0 deg.
& =180 deg.

Absorbance (arb. units)

o
o

Voltage (1 V)

& =180 dee.

H-H (Oe)
[1] S. Watanabe, et al., Nature Phys., 10, 308 (2014). [2] K. Nishida, et . e
Fig. 2. (a) FMR spectra,
al., Solid State Commun., 312, 113898 (2020). [3] M}, tE= 5, %5 83 and (b) detected voltage
585 P B K T2, 21a-P02-10, (2022), [4] E. Saitoh, et properties of a sample,
at 5 GHz.

al., Appl. Phys. Lett., 88, 182509 (20006).
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First-principles calculations of angle dependent XMCD/XMLD:
A case study of strain-induced D0::-Mns:Ga
Mie Univ', Gadjah Mada Univ? °(M2)Rikuto Takai!, Muhammad Arifin'?, Kohji Nakamura'
E-mail: 424M222@m.mie-u.ac.jp

Angle-dependent x-ray magnetic circular dichroism (XMCD) and x-ray magnetic linear dichroism
(XMLD) are known to be powerful tools for analyzing electronic and spin structures. We have recently
developed a computational code for the angle-dependent XMCD/XMLD spectra based on all-electron
full-potential linearized augmented-plane-wave (FLAPW) method[1]. This approach is applied to the
strained D022-MnsGa — a material of potential interest owing to its tunable high spin polarization, low
Gilbert damping, reduced saturation magnetization, and large perpendicular magnetic anisotropy
(PMA) [2]. Angle-dependent XMCD, measurements were performed by varying both the x-ray
incidence and magnetization directions from out-of-plane (6 = 0°) to in-plane (8 = 90°) in 15°
increments. For the XMLD analysis, difference spectra between out-of-plane and in-plane linear
polarizations were calculated. First-principles calculations at the Mn L: and Ls edges of MnsGa show
weak angular dependence at the Mn(2b) site but pronounced dependence at the Mn(4d) site. With a
nearly constant L»/L; intensity ratio, XMCD sum-rules analysis indicates that the magnetic dipole term,
me, is primarily responsible for the observed variations. The XMLD results reveal a finite quadrupole
moment Q,, atthe Mn(4d) site, which we analyzed in relation to the expression my = —SQ,,. This
study focuses on the electron-theoretical XMLD method and discusses, how strain influences the

quadrupole moment and magnetic anisotropy of MnsGa.

[1] R. Takai et al., The 72th JSAP Spring Meeting, 15p-P07-27, Chiba, Mar. 2025
[2] R. M. Gutiérrez-Pérez et al., Surf. Interfaces 35, 102427 (2022)
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(110)E M Co ERA RS —ECHERHEO/ER & 51

Fabrication and characterization of (110) oriented

epitaxial Co-based Heusler alloy thin films
RILXI ', bRz ', (D) MRKE ', (D) BHEX', ZEERFT ' AHER', KXRXHE'
Tohoku Univ. !, °Takayuki Hojo', (D) Daisuke Amiie!, (D) Kenta Watanabe!, Takahide Kubota',
Masakiyo Tsunoda', Mikihiko Oogane'
E-mail: takayuki.hojo.d1@tohoku.ac.jp

b RIVESER(TMR) VS E, ERTEMEARELRRERSR Y THY . TOHIEH#E
BEIX 1 Hz T 940 fT/HZ*® EBHTENTULD[1], I, BERLEREL S5 SQUID IZES
HEETHBD, TMR EoHDILHIZEREIZE. B TMR LE/NSHEBEESENFART
HY. INSDEEEFERE -HEORENEDLIN TS, FTH, EUF X MO Co HERA
AT—EBELGEDIFRBRREFBEEMBANFER SN TLDEA[2,3]. ChoHEFEREMBITERDOLE
mHMSEAMERT H6H. 00)ER LB EETCEIBRESEAEOFERIEAMEICK
DTEZICT—HMEAUEZNFETEHIIENELL, T2 THRHETIL. CorFeAlo2sSion (LA CFAS)
BEFNO)AMICEBERARSIESI LT, BEANIC—MEAMETEAT LI LE2HAT-,

ALO; (11-20)E#E R EM _E(Z, Ta (20 nm)/ Cr (60 nm)/ CFAS (50 nm)/ Ru (5 nm) ZREE< 5+
FOVRNYARYUGTHRIZEYRELIz, 22T, Ta B&UY Cr FIEFAEESZEMT S THE
ELTHEELTWLS, B 1@IZRT XRD 2K 20/ 0 RA¥v UDFERM S Ta, Cr, CFAS BlX
WFNRBNO)ALRICIEZ X v LR L TWS I EAERINT=, ¢ AF Y UDHEEMSIE.
Ta BIZhIHDEREREAINELNZEDD, Cr BEL UV CFAS BIIEHZEEREL TS Z A%
md, UEKY., (110)EREROELESR CFAS BEOERICEINI LTz, B 1b)IZIE VSMIZ&-T
AIE L-HEIEHBRE R, FELUFTOERIL. TNETNEEEAD CFAS [1-10]8 & U CFAS
[001]AMICHISZENM LGS DFERETH Y. [1-10)AMIHILBEZE. [001]75 RAREL E 2 &
LD —EHESEAMIERINTVS I EADN D, COERNEAEAIHERESEAET
FILF—, BHEIRILF— BPICHIEEIRILTF—ICE2>TRESIND, FRLEBIE. Ch
SIZMATHEREAEOHMLBEMTERIC OV TLHETHRET H2FETH S,

ARBFFEIL. SIP project. BRIDGE project, SCOPE project, NEDO leading project, JST K-program.,
CSIS. CIES. JSPS. GP-Spin (BRALKZF). X-nics DXIFEZZ T TiThHNi=,

@ | s a0,¢1200 00000 prmmmmmmmmmemee—e
* Co,FeAlSi (400) l
s El (b) —— My CFASH0] |
s & _ % Cr (200) 1000 F—— H/ cFAS[001]
t 5§ % =
£ g 2 8
~ s £ 5 s500f
S Uy €
< 8 AL,O; (30-30) G
« | oI c
g g -186-156-120-90-60-30 0 30 60 90 120150180 o g 0
£ 2 ¢ (deg) g
< ©
= * « ) 5 -500f
©
" =
-1000 - T,=400°C 7
-500 0 500 1000
Mganetic field (Oe)
20 30 40 50 60 70 80
26 (deg.)

1(a) BED20/WRAFvUoBLUPRFr v DFERE. OHILHRDER
[1] T. Nakano et al., Appl. Phys. Lett. 126, 160503 (2025)

[2] S. Akamatsu et al., Appl. Phys. Lett. 120, 242406 (2022)
[3] T. Hojo et al., J. Magn. Magn. Mater. 601, 172144 (2024)
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4 TTHRKA XS5 —E & CoFeCrAl DS ATEER

Magnetovolume effect of quaternary Heusler alloy CoFeCrAl
BEEXRBRET !, RAWMER2 FIXEHS, RILFEHRXBRETL ¢
OFM W', stil £—83', it IF2 #F BES, EX K¢ LK £th? EH KE!
Kagoshima Univ. !, Univ. of Tokyo 2, Tohoku Univ. 3, Tohoku Gakuin Univ. 3
°I. Shigeta!, S. Tsujikawa', J. Gouchi?, R. Y. Umetsu®, T. Kanomata*, Y. Uwatoko?, M. Hiroi!

E-mail: shigeta@sci.kagoshima-u.ac.jp

A XY v L ANHEIK (SGS) X, 7 v T AL OB/ R L RE A RN 7 =L
RTRAX—ETHEL, VAL ONRY RIZEIZBW Ty v IRFEET D, Z OR RN
v SR IR LT, DEF Y U T 0w A VU RRERO R A AT DESREMEATEE . LTI &
NTW5, F—JR BN REFE2D SGS TH D & T EN LA A AT —54 CoFeCrAl Dbt
EOHAVRRME, EIEREE, LD E N RIZ OV TR~ T2,

AEHE T — 7 W RE T AR Lo, R XOBRIEHTRIE 24TV, A s 2 38 L 7z, s &7
FWEE (SQUID) & BEHEEHV R J3E (VSM) & AW CRUMEIIE 21TV, $BRERMERIE ~ A 7 A

(PPMS) Z AW CESIEIIAZNE Lz, SQUID ¢V A ho v A —RIEHVLEHERL CE
JE T RALIE 21T > 72,

KR X AR S ABF - £ — 27 ORI BIH Sz 2 LD, Ak Lzakelasm Al
JED L2 HiE & RO Z LD HER STz, CoFeCrAl O = U —iRFE TolE, |E LY +@ 522K
Th-o72, 10 K TORAMLEER M (H )58 E T2 5 B EMAL Mo 1% 2.01 ue/fu & RFES S,
W T — A 2 R3S Slater-Pauling HIIZHED Z L6, EplZBWTH 7 U A OIRREREIZT v »
TN TND Z EDVURIBE D, BRIEHLOREKRFMEL, FR S S0K £ CTHEMRIED
WERLIZH DD, SOK 75 2K CHERAYZRIRD BB S 417z, 2L, CoFeCrAl ©7 v
TAE LN RS Ep I CHIROINEE
BEZLODILEERMRLIEZLOTHD
EEZOND, 10K TO MH)DEIEK 2.0

25

T=10K, M, = 2.01 pg/f.u.

...................4

_ P —
AR LR, AR, M1hs L o b
N =) 15 ~ 21 - —_— i]peear;mien 1
BoNz My DJIEIHEFETH D, M3 w\—t'u 3 : Linear fit
T 2.0 i_—.—.—ﬂ_"
\CHAE LIV, B C CoFeCral = 4 g 2 I 1]
= ® 0.00GPa 5’ 19 [ damJd =—(;J?Joe [(fu.-GPa) 4 T
DA T AE LN RORBER X . 0csom v
° a L 11
05 (1: ] I S
Y I NEETAHZLICERLTWS : 2-23 gg: 00 03 06 09 1.2 -
~ N e < . GP ]
&%K%ﬂéo l«/U:@;éf?ﬁﬁ%&i, oob oo .. |p.(.a})| L
0 1 2 3 4 5
CoFeCrAl 78 SGS IZITVVREEBR FE 2 H5 5
HoH (T)

AV O RRE D m W EEREER R T H D

1: &£ TICBIT5 CoFeCrAl DREALHIE
S LAY B LOTH S, " oFeCrAl DRLIE
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7L\7iaaa FesSn &U FesSn; ‘%ﬁ%ﬁ@ﬁzﬂ & Mﬁﬁﬂ?ﬂzﬁﬂi

Preparation and investigation on magnetic properties for hexagonal FesSn and FesSn:
alloy films

AIXIOM) X 5 Hb HE, FBE BF T4 X

Nagoya Institute of Technology
°Takeru Sugimoto, Masaaki A. Tanaka , Fumiya Itoh, and Ko Mibu

1. FL®IC DB TIE FesSn, XU Fe;Sn B2 DEENH
RITHERIED Fe.Sn &80 Fe,Sn,AliFe 2 EBREN I EADD STz R LTZHRD
DHEE—AY FHAHTARTRICES L. 7z B VAEZTL. BIEL o 7ok — LR R
ORINRE L AR QB F— LR OnDORER VAR ZEHLT.

REFILYALPRERTEVDATS Y Fig. 1 12 *"Fe X 289 7 =53 & 19Sn
[1-3], & OBt ERVLERE v Ry ARV TARAENSFE LML FeiSn, K
~OERICAT RS BAICThA TS, O FeSn AEOABLRER—RE A L0
Fe,Sn B4 FesSn, Aald X /Y 7 —[EF BR%Z R, HARAND Fe,Sn, XU Fe,Sn &%
BChE Fo & Sn AabinnboETE OHENKEVEE. BER—RK R AK
ENRE LERFARIEFEs A TH s, & CEIPTY RER-MRE A ORA
AR CIE. FeSn ASBED Bk — L8 M FeSn, KU Fe,Sn & ICHET 5 2 &£ AR

r BN OBEEROFEL B RN

MEEITo7=,
2. EEHE 3 . . .
®  Fe:Sn
fRE 3 nm @ Pt Ny T 7EZFEELTL n E:Z;:ZﬁomRef.S ™
ALO,(0001)EAR E 1=, Fe & Sn #RFEL A _ | tefim -
= 2} = P B
IWTREICZEE L TEE30nm @ Fe-Snea® P o
£ »
EE (BewE) 2L, SEREIE 50 G .
1 ‘m
~400 "COMTE Sz, L 72amEHC @t e .
LT, X $EH (XRD)AIE. SQUID EikE o
%, R—AMEBAE. BL0 TFe & 1950 0 e
A RN T =D BEEIT 7=, R 20 20 60 80 100
3. EEREE Raito of Fe:Sn or FesSn2[%]
. mMAINE

XRDBIED . FesSn, U FesSn 85 Fig.1 Anomalous Hall coefficient &, as a
AAAEO00)ER L THREL TWLE = & function of the ratio of FesSn or FesSn,
D otze oo ARNTT—=HFRAED 5.

FesSn %% FesSn, 8N DB HERK S
NHEREICLY ZOEENERDLZ EAD
NoTce TNOLDIERN B, WENREA 100°C

[1] D. Khadka et a/,, Phys. Rev. Mater. 4,
084203 (2020).

[2] O. Chen et al/, Sci. Adv. 8, eabk1480 (2022).

[3] K. Khan et al, Nanoscale 14, 8484(2022).
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AEVEAIZXF % GdFeCo/YH, RETEZETE
Effective Contact Area in GdFeCo/YH:2 Junction for Spin Injection
BARETL ' ®FEKXLEHIX?®
Rk WA #F EER AR &S, Bl XfE
OEF BuE' TER ZERL BR R: EFH B2’
Saitama Univ. !, Toyo Univ. 2, Toyota Technol. Inst.?
Hayato Suzuki'!, Haruchika Tozawa!, Daigo Akiyama', Takuro Masui!, °Masamichi Sakai!,
Tatsuro Hanajiri2, Satoshi Sumi’, Hiroyuki Awano?
E-mail: sakai@fms.saitama-u.ac.jp

(5] s 2 E~7 ol (MDHI) (C8 5 A BBk A Rimiit, A v E/#E 5.
BRORE UMEEIL, R, mEMEeE (F) LIFRMESE (N) & oA Bld 5 B L
(BT 2D T1], HEENZELT I L ETERE LT 51213, BB RAELAL 2L
72 < FN Rm#Efitmmfg 2 R 5 7210/ S < T kv, Fexid, MDHI % 7 = U 4 J& GdFeCo
LEFIEAMESRE YH, &L OMAENOHK L, ZNE T NHEETORAE k2~ T &7
[2]. AGEB TIE, F 86 N fHEA~O 2 R ABEICIER 32,

[5282757%] MDHIJ 0 N fEIK THA9 %16 2 £ Hall 0% (ISHE) % . GdFeCo 7> SH4#Rkd % v
— R« KA EMIZET 5 4 FEOBLEE : () B FTEE (7 1), () FrE PTEE

(L), i) ROFATRET (L 7). BEOGy) ROHTEREL (1 1) O FClET 5, 1 1E#&E
DAY VROME L, REEHLL EOWRIGZHML T, FaX | 1235 KT 20T, R4
% ISHE SEDOMES KEnd 5, RIS, #IHPHRREZ T 11 L, BT — A MTBOHTR & DFHW
SIEYs (R0 1mT) ZEUINL7ZR28 6, FJ70 F S, NSEBICEWEFT 28— — (KR
405nm) |2 X > THELL GdFeCo (Curie iiE#) 200 C) & HRaMALT 5, T D%, EIRIZEEIE,
L= =N SN0 03B EE L T | TRENG LN D, FRRZ &4 WIHNREE |
Vi, 1L EREIMELN D,

RS - BR] WEEREN S, a=Rr (M) = Rr(L). B = R(M) — Rr(IM). y = Rr(TL) — Ry(W)I
LT, a=37mQ, f=16mQ, y=13mABE67, FE E Ry =—-R,(I), Ry(T) =
—Ry(IM), @ =2R(M B L VB+y=a+ 2R (M) 7D T, R(M)=185mQE L CR(N) =
—-04mONESND, L2 > T, Re(TV)/R(11) = =0.22 TH D, ZDOHIE, BEF A U FILE
ol =45 um, IEFLA © iR, = 56 pm, T A Hall f465, = —1°, IEFLA > Hall
0. = 12000 FHUE, RERERR[11% 7 > E R — T RICHRE L7 ISHE $%H1#[2]% i - T
Tx 5, £72, Re(M) =1.85mQ Z#FHHT 2121, F/N FEREE () O N F v 3 VEREE

() THRT DA, J /] =720 T 208N HDH, 2O EiE, FN SREEDEREA. N F v >
VRS (]96 um?) DK 720D 1 THDH I L E BN T 5,

[1] Fert A and Lee S H 1996 Phys. Rev. B53 6554
[2] Yamazaki I et al 2025 J. Phys. :Condens. Matter 37 065804
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GdFeCo & YH, W SR LI=RAEV NI IBEIZHEITH R EVERER
Spin Accumulation Resistance in Spin Valve Structure composed of GdFeCo and YH2
BABREL, REX2, 2HAIKX?

W AR, FIR &S, Bl KME, RET ek A FE
OFEF BuE' TER EER2 BR B RP Bl

Saitama Univ. !, Toyo Univ. 2, Toyota Technol. Inst.
Takuro Masui!, Haruchika Tozawa!, Daigo Akiyama!, Mistuki Hikimachi!, Nozomi Matsuda’,
°Masamichi Sakai', Tatsuro Hanajiri?, Satoshi Sumi®, Hiroyuki Awano?
E-mail: sakai@fms.saitama-u.ac.jp

[(Z] 777 = i HOBRAE ALBEZ R T LB ONLBT — %0, - EFAMES
JB YH2 l2HF L TS STV B[, 2], 2 51T A ¥ Hall Z5EASHE) & W 5 BUHI5 5B L 0%
OBPANAFR L 7= Hall-bar #i& & = O [REMFMHF T THOLNIZ LD TH D, AFETIEINS
W72 DB TIED DR D H TGS L DN T, RIFBEA B @ik Rt OMGEFERZ1T 5,

[ 2B 1E] ERL L 72 2 B 2L RS o OBEMEE G B %2 Fig. 11 Rd, BMRACE 13 SCHER[3)

FIEFREETH D, JATHISE[L, 2] Hall-bar (2 e~ C ., sRREME:
4 (F) SISl GdFeCo %, FEMEMEAE (N) IS YH, 24 -
TZRIEF CTH L0, BRI - Bl E 1T e< 5225, 250 GdFeCo
%@%@N%?*Wﬁﬁ%%mﬂ%ﬁm:@Xfyﬂwj%ﬁﬂ
I% ISHE /& F B2 RR & & T\ 5, ISHE JIE CTlX, Fig. 1 Z£4 ;
D Cu B HIEANSNZEIRO 1 #1% . GdFeCo 81 % /i L C YH, 5y

Fig. 1 Optical microscopy image of the
B HEAS S A, B RO Cu BHRIC & > C Hall BEA RN S5, i valve structure wsed in the presen
AV EREERE TIL, Fig. 1 £ifl> Cu—GdFeCo RICET A ik tengthis approximately 45 ym.
#a L. Z2fll Cu—GdFeCo B HAET DBIEE MR T 5,

(2% - 42 ISHE WIERE R % Fig. 2 (9, FIIBES
SRR L CREICEI LT O 0T, F HEoOR e
R[RE— A FBHRFMEICK L TEETH D, Hall e @leﬁw L
KZE @2, v — LY I X B IEH Hall Zh Ry bR 1% Magneti Feld (1) Magneti Field (1)

% (b)Z . FAEORMEERICES Lt 25U % Fig. 2 Room temperature Hall resistance measured by using

the spin valve structure shown in Fig. 1: (a) Total Hall
resistance and (b) The residual Hall resistance, which is

{51, FREEA I LT N EBICEA SN A B Ui obtained by subtracting the ordinary Hall resistance from (a).

ISHE (2 & » T BT AICEMERZ Bb LIE MR TE 5, 202 b il SN TWD YH,

DR IHEA & SR, SEATHFFEIC W TR - (] S 4172 Hall-bar #§1ERF A 70 B T <

GdFeCo & YH: & DMATIFEIILHRTHL L nA D, NEBA~OAEAEANHR TSI
T, BUE, RUHEFICHT 2 A ERESHELEIT-> TV 5,

[1] Sato K et al 2023 J. Phys. Scr. 98 045912

L @ i ©

IS

[
T

o
T

[
T

IS
T

Transverse Resistance (m Q)
Transverse Resistance (m Q)

[2] Yamazaki I et al 2025 J. Phys. : Condens. Matter 37 065804
[3] Valenzuela S O and Tinkham M 2006 Nature 442 179
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KABBZAVW-AAEOEVVRRELEEDORSR

Development of a Versatile Magnetic Levitation Device Using Permanent Magnets
AIKRET C#®iEk 18 HF R
Hikaru Goto and Yasuhiro Ikezoe

Graduate School of Engineering, Nippon Institute of Technology
°E-mail: y.ikezoe@nit.ac.jp

KRG % AT OB B, 72 b S Bk 2 IR TR 7R 8RB Tk AR T
XL LV ARD, BT COERRRE LIRS BRI RRENES IEOND, F
7o, EBEERA O KRR R B L T 5 & RETR BRI AT TRE IS O f
FHRANZ & b RERFHATH D, LIEB-> T, B EREZR-T-E . BIELBER~OIRRE
B Z L2 Y, KIFEPODWEEFHER STV T2 L ARETH D, HalTINE TIC
R ORI % FF DK ARG A 2 Bafih & 72 & TR RR 4 2 /B W AR O FBRIE ORG35 57
HEREBICHET D 2 LIk o T, ZORBICIRIESCEER A ZEICHRT LEE5 2 LR L
7% &) i ARE A BRI L CE U, AE, MAREEY LRTLHZLIL-oT, BERE
FUEDPBIRNCERM SN D L9 R ABlE 2R A LD THET 5,

Figure 1-(IZREABLE OB 278 Lz, FENS 1 OB ERBEA (I8 4.5 mm, BT 10mm, &S
12mm), EMANZ 1o MAERA (B 3mm, &S 3mm) PEREINATEY . 2 >OMEAD
FRREJICIZx T AZd mm OFRE2ET ST 5, 7o, FAERA T & B 5 R A O Eifidh mm
BTN D, B350 4R simulation (Simcenter MAGNET, Siemens) (28N Clx, FMUORBIA O FiE
wz=0& L, BEHIREADERD T 4 Ly FEEZ 0.5mm, MHERADOHBERIOZ 1+ Ly FEE
Z 02mm ERRE LT, ZOBARE TIX, TRIOEGERBA A L& ORI & 584 S
. B O AR A RS IR 2 BV L DT ORIG AR OKEI 2> T 5, Fig. 1-(b)idd =
1mm,h = 0,0.51mm OHED, THEAOREIZIIT D285 M OGS DY I 2L —3 3
VHRERTH D, MRS & TROBA DFERERD K E W BRI R E o7, Fig. 1-(c)iE,
(x,y) = (1 mm,0 mm)% i > Tzl & AT Mt LRSI G z il L OB % 51\ E(AB)D z J51H]
Doy Z R L TWT, ABBSIEOSEIEIx T M OB AT Tl 7e v | FEEA L Ei% B3 v HE
L7085, h=1mmOBGEITIE, z8h EOJRWEIFH TABMRSIE L 72 o TV T, ZEFR FFEIRA 2 E
TO 10 ELLEIZIEN D, ZOXIRBATIHEH~A 702 ) VR TER ERFEEZEANT D X O I ER
HEATE D ARMENR S AR FEROMKIE EFERABINICEL S5 2 ERHIfFF S5,

(a) 4ol d (b) 14 h= (C) 0.04 h=
H&mauz 12 1.0mm 1.0mm
A 1 " ——0:5mm __ 002 05mm
J— E 1.0 —_— 0mm = 0mm

QT foa) [sa]
‘q
0.8 000 | ==N—-=-=---=
HH
WA 06
04 -0.02
-0.1 0 01 0.2 0.3 0.4 -0.1 0 0.1 02 0.3 04
Z(mm) z (mm)

Fig. 1 (a) Configuration of the magnets. (b) Magnetic field distribution along the z-axis. (c) Distribution of the magnetic
field difference, 4B, between the values at x= 1 mm and x = 0 mm along the z-axis.

[1] T. Naito, et al., Appl. Phys. Lett. 125, 264102 (2024)
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NILINYNEFIZHA L KABBESFLEBEDRR

Development of a Permanent Magnet Levitation System Using a Halbach Array
HIXRI COF#&EA, iR Rih

Hayato Toeda and Yasuhiro Ikezoe
Graduate School of Engineering, Nippon Institute of Technology
°E-mail: y.ikezoe@nit.ac.jp

IKAMEAT 2 NN T CREMERE SRR I, FERICLZMICIEE 2 E D 2 L AR D BRI, iR OFRY
REBE T C, HETZ AV F—XZEE e ORETHERE R ESERT 5 2 L8k PV, KAR
FAEFRA L CTEROWES 155 72010, JROWEMICEG A BT ST 2 Z Engle 72> TN T, f
AT EHRO A 2 Bfih S W72 & AR O5RIZ 2R D MR WD ZERNI. 5REEST) S DI AR

MWLM e D, ZOX oI, —ITKAA Z AWV CTRWER NS 2B AE S 510, #A
2 2 MELERIR T 223, W 2B W D BICHA DR O8I AR 256, KARA DR
BICHIRA MDD, —F T, WA OB(LOm & 2840 LT, FEDOZER O ORI %2 BIY
EFTAUT, ANy ABFND K DI, BEATCTRIENDRAET D KO eaBlE LM > Z LIk
ST, FEFITBNMESL Z1ED Z ENHKD, £ T, RBFETIE, ANy AEFNEL 7= A il
EAFHA LT, 97255 R84 LIS D BERTE HEEE OBIFSICE BT,

Figure 1-(a)lZ A BLE OBl 27~ LT, 1455747 simulation (Simcenter MAGNET, Siemens)(Zf# ] L
7oA, M D N52 OE F AR A (Smmx2mmx 10mm, =07 ¢ Ly hF4EiZ 0.5 mm)
T, Type A I3MA 1 b DI, Type B 1T Type A (I HE 2> & K72 kiss 2 HE 4 5K TR Ulea
Z1xHEML72b DO TH D, Type B DMEIZIEMN S =i & FROBA IR LE O CRLUE
A LNy NEBINZHRL L TR Y | Type B DK IH5BOB [0z K E S 1%, Type A (2,006 T?/m)
WA THRIPIZER LC2,533 T2 /mIZET 5 Z EBbhoT-, £70, ML ER L2 5KBl45
WZIE, KT RO AR T2 b BN H 5D T, TypeC & LT, TypeB & _EMIIZFH T
Wi RieHmETIXHBM LIV AT AOWEAAbHEAE L& 2 A, KR I%BOB/0zIX S b
aﬁ&M/Q5%THmméﬁé’&ﬁbﬁotoﬂgumiWWC@EEHL®u$ﬁmﬁﬁé
WEGIREE D 2 ot~ v 7C, AEF MU FITMIZ e o 7oAy 5 E THREICR LT D 2
ENG, %*%foe%*%f@@/iﬁahzn*OO)E&EE&E‘@;@ET‘% HZ bbb, ZHORERIX
PNy ANEOSNCHERL LT BA B E Y, R LD =D OB OT A L mb THHATH
HTEHERLTEY, BT FEEERRICRE 7265_}%%% HlebT Z EnHfEIND,

(a) Type A Type B (b) / - ‘
ﬁ E Type C ﬁ : — o

BBB/azm,u BaB/0Z BOB/0Zyas

= 2,006 T?/m = 2,533 T*/m = 2,588 T%/m ) T
Fig. 1 (a) Configuration of magnets. Although Types A, B, and C have different appearances ey are all composed of
identical permanent magnets combined with different orientations. (b) Two-dimensional magnetic field distribution around
the origin.

[1]T. Naito, et al., Appl. Phys. Lett. 125, 264102 (2024)
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RTI) VI VPRBIZAIT =R EVRDIGHRE SRR
Analysis of Spin Wave Propagation Characteristics for Magnon Transistor
ERAE, CM) &KL, RAOREH RBERX
Fukuoka Univ. °H. Goto, T. Horaguchi, and T. Manago

E-mail: sd251003@cis.fukuoka-u.ac.jp

(A5 & ]

BUE, AV ERWe~ T ) o R T U REPREI I, BB T N 2 L LTI S
TWA[1], LavL, EEEKIZ YIG ZHWTEY Si 7Fut R & OMIEORED ORI EE L,
AR T, Si 7R RCBWTIHENE S Th D Py Z#EHEKICH Wz~ ) N TP RH
BT DAV ERD 2 RTEY R 2 b— 3 Y EITV, T VDRI EEO T R,
[RHEFLE]

A W OAEWDFFEIZIL COMSOL % v 7o, & 130 nm, & £204.8 pum® Py H #7580 nm
Flevr 7 ium, 77 2 RS0 umD Y — AT T E RLA T U7 ELTY T
Blum, 77 72 FE1umO 7 — 87 o7 F2FREL T, 7 — M7 o7 F FICEEE S 2.0 pm
D=7 )=y 7REEEER LT Fig ), 20X~ T )V NIV DRRZIIY)—AT T F 7
— hT T LIS b L ERFICERZK LT R LA T T T FOBILDOT — 2 25772,
BHNT=T — X2 Python D7 10 7T I W TURHRERE 2 ffhT L=,

LR ]

Fig. 23X — 7 7 7 (x = 0 pm {100) IZHRME 1 mA,  JE#%EL 6.74 GHz D IESXIE BT A FN L
TBR DX T AR > Te A B IR Cdo 5, il JEEE & W] U6.74 GHzD A ¥ LKA 7 — |k
fHE~RTEL, 77— M OZERPIEA CIADIZKEI L TW5D, £ LT, Fig2b)ix Y —AT > 7F &
=T T HICENENREE 10 mA OF D> 7 2OV AETRE | EIE 1 mA - JEHE 6.74 GHzD
R B2 RN L7258 O A B R (A RSRE . R & £ b OERZ [FIRFHZE]
MUTGE DA ALHRE (V—R « F— Ak, SER)ZR L2 THD, ZOXNL T —
F~ T NKD Y= AT ) A OIHIR AN TEY | AV T P A EHERATRET
bHLEBEZLND, 10 — e [T o

y 2102 2
] =
®e [©: = 7t RLAY £ 10 { 29 \
ZOSﬁ 109
i
130 nm 107" 1
i | o R [ et
ST B ‘ 4020 0 20 40 T2345678910
i - ' x (pm) f(GHz)
- - X . . . .
224m 04pm 196 um Fig. 2 (a) Spinwave (6.74 GHz) intensit
g p y
Fig. 1 Schematic sample structure of magnon transistor. distribution excited by a gate antenna and

(b) transmitted spinwave intensity under a
drain antenna.

<BEICER> [1] Chumak, A. V. et al. Nat. Commun. 5:4700 (2014).
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EEMEERICKDIREVR/AY FEEDHIE &
Kronig-Penney €T JL(Z &k 5 &4
Wall Width Modulation Effects on Magnonic Band Structure:

A Kronig—Penney Model Analysis

EMXHE, OFRO Rl EW =%

Fukuoka Univ., “Taisuke Horaguchi, Takashi Manago
E-mail: t.horaguchi@fukuoka-u.ac.jp
(E%-H#]

A W & A DT AEB PNAAREZ > TR T 2 ab 5 TH D | RIEROGHARE
AR E L THER Sh TV D, NTHNIIR-CAH BHI GG 722 5 G 2 8 A Lotk (=7 =
v 7 ftdh) T BECEREY 2 2 & B OSIREEA ATRETH W . BFET /A Z~DIE A A
SILTWAD[L], 7o & 21X, Fig. 1 O X 5 1l 7 a2 MM TR O FEEE 2 JE IR B & L7- 1 IRoe~
7 =y 7 fEE TR, WEA & R OB R O A E RIS S, N Ry v 7
MR END ZERMHNTVWD[2], A LAY FiEEII~ 2 ) = v 7 fEdb O RATERIC K X
HAFT 225, FRCMINIRICER T 5 TREEEE BROBEE] BNED X STV F¥y v T E %
B2 23033 It ST, ABFE TR, 20RO 1 IRoe~ 7/ = v 7 fidh O
N MEEICRIETREEZ, ()Y A 7 e~ T RT 4 7 AFHHE, (2)Kronig-Penney E 7 /LIZ L % B
Rt OMFETERMICTHI L, ZOA D =X LEZPLNI LI,

(A48T T4 R E]

K % 2R BERENR d yan Z FFO~ 7 ) = v JHEICEB T D A B U OER 2 Mumax®[3]% WV CEFE
L7z, REH#. BAbOZEMI0AN L RERIS B E 2 FFT A4 5 2 & CTHRBEICRBIT 2 A U0
Ny FREEZ ST L, BEEEIED =20 umT—E & L, EEEEAZZ (b S8 5 2 L TRk
T RN AL S/ T, AN Ty S IAIZEIIN L, MSSW  (magnetostatic surface spin wave) & —
RASEIAE S D4 & Lz, Fig. 2@ d L 212, 3 1 230 R¥ ¥ v 3R 1:1 TRk S
o=, B2 F¥ v v 7I3E 0.6:1.4 35 XN 1.3:0.7 (1L TRIFTHIMB K Z 3 &5, FEH
IR ZE 2R LT,

[REV K S E B %% Z B LT- Kronig-Penney ET L)

1 RIE~ 7 ) = 7R ORMIART v v L% Fig. 1 O X HIET AL L=, ik 2 0E L.
Bloch O EHE & i C oMb 2 5 & — )72 Kronig-Penney €7 /L & [AERIZ /N RS
AT I IR DR DS RIBIIFAE T D,

2 2
cos(KD) = cos(k,a) cos(k,b) — I;:’}:Z sin(k,a) sin(k,b), (a=lya, b =D — Lyan)
172

FROETALIZESE, MSSW E— KD A B U EBM%R &2 B Y AfL7= Kronig-Penney €5 /L
EREFEL, 1582 30 FEX vy v 7IEA2HAE L7Z(Fig. 2(b)), ZOMRII~A 70~ T R2T 47
ZFHROMERE B B L TEY . MR OREE 2 FBIRICEE L7z 1 kot~ 7 = v 7 il
DNy RigEIX, Kronig-Penney E7 VI L - CEBMICFIRAIEE TH L Z EBH LN Lo T,
ZORRIT, A%O~T ) =y VNI B T 2 ARG L e D T E R IRE SN D,

U(z)

(b)

. 1st BG . Ist BG JRILH 3

= 2nd BG 0.6 = 2nd BG

g() a e

5 X
20 nm I < 0.2
20 nm

11 mm - .
0.05% -
HEL(MER) : U(x) =0, (=b+nD < x <nD) 0.0 0.5 1.0 1.5 2. .0 0.5 1.0 1.5 2.
Lyan (nm) [wan (nm)

FEUR2(MER) @ U(x) = Up, (nD <x <a+nD)
Fig.1 Schematic image of an 1D Fig.2 Wall width dependence of the 1st and 2nd
magnonic crystal and a potential bandgap widths obtained by (a) micromagnetic
model for spin waves. simulation and (b) Kronig—Penney model.

[1]A. V. Chumak ef al., Nat. Commun. 5, 4700(2014). [2]S. A. Nikitov et al., IMMM 236, 320330 (2001).
[3]A. Vansteenkiste et al., AIP Adv. 4, 107133(2014).
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1 RTRT /=y O#ERICBIT5ERE< T /7 V#EL
Nonlinear Magnon Scattering in 1D Magnonic Crystals
FBEXE, OFO R# EW =%

Fukuoka Univ., “Taisuke Horaguchi, Takashi Manago
E-mail: t.horaguchi@fukuoka-u.ac.jp

(BE=-B#)

~ 7 ) = IREIIAE (7 DO RFEE D A S — VT N LA B 7 B A i A
ALT#HHEERTH D, 29 LoEE TR, BERIGEWEE DR E ORI IH <4,
YRR v IWBREND ZENMOENTWS[L], £72. F— MEHICLk -T2/ v 28R
T s BELS D~ ) U N TP RARIDE DI, 7 ) COBEBEREFIH LAY UK
TNA ADREH R EINTWD, ZOXIRT AL AGHIZBN L, 7 VBELDO A =X
I, FRICIERRIE BB SR D B A AR Al R CH 5, R~ 7/ U EELICIE, 3~ 27 U HGEL
R4 ~7 )RR EESNDBSER DY, ZNE TRV FEEREE 5L LTEL D
WIEMfThon T&iz, LinL, ~7 /=y 7o X5 eSS 263 2 8- BE Rz B
LIERIE~ 7 CBELO BRI X A, ARBFSE I, Fig. 1SR T X 912, x#hrmicv
AR D REEE 2 EHIRICELE L7 —Roe~ 7/ = v ZREERICB W T, FERIE~ 7/ U BELO 2 )
A0~ 327 47 AHEICKX VAL,

GEESD 714% 2 m
1 55 00 B % 2 2 V10 pm & L 7 6 0 30 z /y/r/r/r'

D =20 um@ 1 Ykﬁ?y/:/7ﬁ'§gﬁa(ﬁg I)GC:I%)U‘ P
T, ()~ 7/ vy RIS, )IERIE~Z Y o nm} ......

Brf

B FSEO 2 FREOF A Mumax'[3]% U T - o

oo TNENDFE TH LN WAL DJRE % FFT AL , o ,

PRI - ISR D~ S ) v DT A RAT L Fig.1 A schematic image qfa 1D magnonic
T (YD~ 7 ) w8y REE Gy R REE % crystal and a parallel pumping configuration.
SHTRREIS 6 U CHEfH] « Z2fR] 5181 sine BIEX ORI L D W S el OV A ZHIN LTz, 2
MUC KV IRHR~ 7 7 VRN REL 720 . ~ T ) N RONLE < TR B2 L 72 %, (i)
DIERIG N FHE TILRRR IR 2 fafn S E7ORABITH LT b & AT e — BRI S B (BR
iE 7.0mT, JE#E10 GHz) ZFEIIN L 7=, Z OEE S Parallel Pumping & FEIX41 5, Parallel-Pumping
WD~ 7 ) Do AR L () TRTo~ 7 L8y R E ik L. BRI HBEL OB T & 8~z

(&3] ¥ )
Parallel Pumping "CIZ A JJJE I EL frp D 255 D JE 4K
foe /2RO~ T 7 U SIS, AU Sk =
0D—2D~ T ) I3 tk(# 0)D2 DD~ /)
~NEHELT D 3~ UEGELE L TR S L5, Fig.
2(a)1 %) THE BTz N> B & (i) D IERRIE b 71
BTlonio~7 ) v kit ERTORLIELDTH
%o IEMIERIEIC XV W fir/2 = 5.0 GHz D
+k(0)D~ T ) N R EICHEL~ T ) VN ED
TWD 2 EDHERTE 7=, Fig. 2(b) I HkEL S 1 £k (5 3
GH2fBEDILRKTH O, — kD~ 2 ) Ry =
NIZIEAFE L 722 MEJE B » ik EI D R R~ D EGEL = ehm !
PGB ST, ~ 7/ = 7 fEEICRA OERIE L Fig.2 (a) An overlaid plot of the magnon
DHEIEZEREB LTS, ¥ HIL, L~ 7 il band  structure obtained from linear
OB EER L OREREOBREICEId4 53¢ excitation using a sinc function field and the
M7 EfE IOV T HLET A TFETH S, magnon distribution excited by nonlinear
[1]S. A. Nikitov ez al., IMMM 236, 320-330 (2001). excitation via parallel pumping. (b) Enlarged

view around the scattered frequency (5

[3]A. Vansteenkiste et al., AIP Adv. 4, 107133(2014). frequency magnons.
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BETT/ v ORRICE T 3R E VR EOFME
Spin-wave propagation characteristics in magnonic crystal junction
EEXE, CM)FEE X8, RO KW\, B &5
Fukuoka Univ. °K Inatomi, T Horaguchi, and T Manago

E-mail: sd251001@cis.fukuoka-u.ac.jp
[HARER]

IR, AV ORI Z RIS 2~ 7/ = 7 fsh (Magnonic crystals ; MCs) (Z{EH2MEE -
TW5. MC ZHWEAE U EE AT A ASDIGHOBLEN S, MCHEENRA Y EICE 2 55
BADIVROEENLEND . AW TIL, [EEE L EREE O LR D 2 DD MC Z#46 L
TR~ 7 ) =y VBT D A VBBt~ A 0 s~ IR T T e a b —Y
a X Vg L.

[RHEFE]

A B R OFFEIZIE Mumax3 Z2 V2. 81.92 pm X 50 um X 20 nm @ Py EJR K i, Py fEEE
Z 2um EHIT 41 By MRE L. 20026 & v MEEREENE W [um], 10015 &> N IXEEERE 2.0-
Wlum]& L7z (Fig. 1). F72, FEEENE W um]D I, 2.0-W[um|DIHD~ 7 ) = 7 FEEIZ DN T
HEFE L7z (Fig. 2,3). 77 I L o TEMR SN DY D22/ 041X MATLAB # W ThH H
MUK, 156704 %2 VT Mumax3 T/XL AR 50ps DA B EEEIC LD, A
OB AR Lz, £70, 20 mT OFES 2850 5 ICHIINL, A E OB L Py
DORNFFH (MSSW E—R) & L7z, £D%, AV EORBEIROART ML fifth Lz
[#E8]

Fig. 4 |XFEEENE W = 1.5 um ODFES MC 2 = 4, Antenna
SN, AEVHEBERALY FLERE e
L7t D (FOFERR) LEnZni#Es LT
RWNBADAE L EIRE A~ b (Fig.2 ™
L Fig3 DAL A~y ) oFik 2

W L | 2.0-W um]

4
/

/i‘:ﬁj:%,ﬂ: ]‘-/7‘:’- 16 O) (ﬁ'ﬁ@gﬂéﬁ'ﬁ) %Z 70 H P4 }\ l/f: 2.0-W “um] 0.3 pm W [am’
bLOTH L. RBAROT — X [THEA MC D _ _ o
REDD A AT 612 0.3 um His 0 Fig. 1 Magnonic crystal junction
HLOTHY, BEALTWRWERZ MC @ 1
T2 bHEE MC &7 T F b OFERENR
A TS DS DS LTS, Fig. 4 KV 08 L |
Ist N2 R¥ v v TORNICHES MC (27215 35
SNRBIRE — 27 BIEEBLL TV D 2 L3l S
RTEB. 2z 0% 1
‘®
c
)
20 nm [ E 04 i
|_
20 nm l ’/'50 pm &
81.92 pm 0.2 |
Fig. 2 Magnonic crystal
(wall width = W= 1.5 pm) O(') 5 10 15
Frequency (GHz)
20 nm I ’
20mm ] 250 um Fig. 4 Spin wave intensity of a magnonic
81.92 um crystal junction (blue line) and the sum of
Fig. 3 Magnonic crystal the spectrum of different magnonic crystals
’ (red line).

(wall width =2.0-W = 0.5 um)
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REMARERIT /) ZORITBTHEFRELIVAVITLA VB
Quantum Vacuum and Entanglement in Deep-Strongly Coupled Cavity Magnonics
AT !, BILKRTI 2 HILKCSIS OFFE EHE# 2, K a2 Kt HR?2 %k BB
Yamagata Univ. !, Tohoku Univ. 2, CSIS? °T. Chiba'%, R. Suzuki?, T. OtakiZ, H. Matsueda??

E-mail: t.chiba@yz.yamagata-u.ac.jp

In recent years, the rapid development of quantum information technology—represented by quantum
computers—has been remarkable. One of the fundamental physics underpinning the development is
polariton in which electromagnetic waves and matter are strongly coupled. In particular, the polariton state
defined by g/wcm) > 1 is referred to as the deep-strong coupling (DSC) [1], where w. and wm are the
characteristic (angular) frequencies of the electromagnetic wave and the matter, respectively, and g is the
coupling strength (in angular frequency units). In the DSC regime, it becomes difficult to distinguish
between the electromagnetic-wave and matter modes, leading to the emergence of a nontrivial ground-state
characterized by nonclassical correlations and virtual excitations. Such ground-states have been observed
so far only in superconducting quantum circuits under extremely low-temperature conditions [1].

Here, we theoretically study DSC phenomena in a cavity magnonics system [2] in which a uniform
magnetization dynamics (magnon) of an easy-axis ferromagnet is coupled to a microwave magnetic field

(photon) of a single-mode LC resonator. Based on the

] 2

minimal quantum mechanical model which can [l 10
correctly reproduce classical dynamics, we show that o
a nontrivial frequency shift, which is characterized by § 4 08
an asymmetric Rabi-like splitting with g/w. = 1 at the % 3 - mdji/)(zm 0.6
original modes crossing point, emerges in the DSC & ......... ‘ “ 3 04
regime (see Fig. 1). We also formulate a connection 3 2 ‘ o ppenmosele) B
between the frequency shift and the virtual particle 1 02
number as well as the entanglement entropy at the 0 . — 0.
ground-state, thereby enabling experimental access to 0 50 100 150 200

HoHo (mT)

these quantum resources. By utilizing soft magnons

further

Fig.1. Calculated transmission amplitude |S]* of the

[3] in an easy-axis ferromagnet, we hybridized modes as functions of an input

frequency w/(27) and an external magnetic field

© 2025% ISRYEES

demonstrate that these quantum quantities diverge at

the critical magnetic field that gives a zero-excitation

gap (om = 0).

[1] P. Forn-Diaz et al., Rev. Mod. Phys. 91, 025005 (2019).

Rev. Appl. 23, L011004 (2025).

10-031

oHo. Here a ferromagnet is assumed to be
Y3FesO1, with millimeters scale rod shape [2].
Soft-magnon-like polariton emerges around
toHo =100 mT.

[2] K. Mita, T. Chiba, T. Kodama et al., Phys.
[3] G. E. W. Bauer et al., Phys. Rev. B 108, 064431 (2023).
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Spatial mapping of effective magnetic field at the Py/NiO interface
ICR, Kyoto Univ. !, CSRN, Kyoto Univ.2, PRESTO, JST 3, Nagoya Univ. 4,
°(D)Itaru Sugiural, Yoichi Shiotal2, Ryusuke Hisatomi'-2, Shutaro Karube!?,
Teruo Ono'? and Takahiro Moriyama®*

E-mail: sugiura.itaru.78s@st.kyoto-u.ac.jp

Antiferromagnets have attracted attention in spintronics owing to their robustness against external
perturbations, absence of stray field, and capability for ultra-fast operation. Although understanding of
domain states is essential for advancing performance of antiferromagnet-based devices, observation
techniques for these domains are currently limited owing to the negligible spontaneous magnetization. It is
still desirable to develop accessible techniques for imaging antiferromagnetic domains. In this study, we
developed a spatial imaging technique for antiferromagnetic domains by heterodyne-magneto-optical-Kerr
(MOKE) measurements taking advantage of magnetization dynamics of a ferromagnets adjacent to
antiferromagnet [1].

Thin multilayer NiO (30 nm)/NigoFe2o (5 nm)/Cu (3 nm)/SiO; (3 nm) was deposited on a single crystalline
MgO(001) substrate by magnetron sputtering. The film was patterned into a 4-um-wide strip attached to a
coplanar waveguide. Fig. 1(a) shows the magnetization dynamics measurement set-up with simultaneous
electrical homodyne detection and optical heterodyne detection. Fig. 1(b) spatially maps the amplitude |S21|
of the optical signal from the polar Kerr effect which depicts the area where the ferromagnetic resonance of
NiFe is excited with the in-plane magnetic field poHexe = 50 mT with the angle ¢ = 45° and 135° and the
microwave frequency f'= 10 GHz. The contrast observed for ¢ = 45° and 135° suggests that an anisotropy
field acting on NiFe is spatially distributed by the underlying T-domains of NiO. The field directions ¢ = 45°
and 135°  respectively correspond to the in-plane projection of preferential Néel vector orientations in
NiO[-110] and [-1-10] of the epitaxial NiO [2]. In the presentation, we will discuss the T-domain distribution
of the NiO and validity of our measurement technique.

[1]Y. Shiota et al., Appl. Phys. Lett. 119, 192409 (2021). [2] D. Alders et al., Phys. Rev. B 57, 11623 (1998).
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Fig. 1 (a) Schematic illustration of the measurement set-up. The red and blue areas in the inset indicate
difference in the anisotropy field acting on NiFe due to the underlying T-domains of NiO. (b) Spatial
mapping of the |S»1|, where black dot frame is the NiFe strip obtained by the reflection light intensity.

NiO(001)
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Structural analysis and damping evaluation
of epitaxially grown L10-FePt thin films

NIMS., °Yuta Sasaki, Phillip David Bentley, Katsuaki Nakazawa, Takanobu Hiroto,
Shinji Isogami, Hirofumi Suto, Yukiko K. Takahashi
E-mail: SASAKI.Yuta@nims.go.jp

L1o-FePt has attracted significant interest as a magnetic recording material owing to its large
perpendicular magnetic anisotropy (PMA), large saturation magnetization, and chemical stability. Its large
magnetoresistance and high spin injection efficiency make it a promising candidate for spintronic
applications with operation frequencies above 100 GHz. [1,2] However, despite these promising magnetic
properties, the relatively large magnetic damping constant of L1o-FePt thin films is not suitable for
spintronic device applications. In this study, we investigated the magnetization dynamics of L1¢-FePt thin
films grown on different substrates, MgO, MgALO4s (MAO) and SrTiOs (STO). We demonstrated that the
modification of the microstructure in FePt is crucial for achieving a lower damping constant and realizing
novel FePt spintronic devices. [3]

Llg-ordered FePt thin films with a thickness of 36 nm were fabricated via DC magnetron sputtering on
single-crystalline MgO(001), MAO(001) and STO(001) substrates. Prior to deposition, each substrate was
annealed at 650 °C for one hour in vacuum to eliminate surface contamination. FePt films were grown with
a substrate temperature of 500°C. Structural characterization was performed using XRD. The
magnetization dynamics was investigated by using the all-optical time resolved magneto-optical Kerr effect
(TRMOKE). During the TRMOKE measurements, magnetic fields up to 7.0 T were applied at various
magnetic field angles g with respect to the film normal.

As seen in Fig.1(a), XRD data of the FePt films grown on (a)
MgO, MAO and STO substrates showed well-defined
superlattice peaks corresponding to the L1 phase. TRMOKE

STO sub.

data for all the samples showed a clear oscillational signal as S

log intensity

seen in Fig. 1(b). The STO sample showed a minimum

[
o
(]
o
B
o
[4)]
o
[=)]
o
~NEii1
o

damping value of 0.030, whereas the MgO and MAO samples

exhibited a higher value of 0.059 and 0.037, respectively. 20 (deg.)

Detailed analysis of microstructure and magnetic damping (b) 5 [ ' ' ]

constant will be discussed in the presentation. ::' M%
This work was partially supported by the JST-CREST u;'j x:z::ug‘—_

(Grant No. JPMJC22C3), MEXT-LEADER (Grant No. o) ~

JPMXS0320230032), and the JSPS-KAKENHI (Grant Nos. z | OB T B

0 10 20 30
pump-probe delay time Af (ps)

Fig. 1. (a)XRD patterns of FePt thin films
deposited on MgO, MAO and STO
substrates. (b) Typical wave forms of the

JP21K 14218 and JP18H03787).

Reference

[1]T. Seki, et al., Nat. Mater. 7 125-129 (2008).

[2] K. M. Seeman, et al., Phys. Rev. Lett. 104, 076402  TRMOKE data for the films deposited on
(2010). MgO, MAO, and STO substrates. Solid

[3] P. D. Bentley, ef al., Appl. Phys. Lett. 126, 022404 (2025).  Curves are the fitting results.
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Ab-initio study of magnon in altermagnet Hexagonal FeS
Mie Univ., °Koki Kobayashi, Andi Gumarilang, Kohji Nakamura
E-mail: 424M214@m.mie-u.ac.jp

Ultra-fast spin operations in terahertz (THz) frequency range have become a demand for future
communication technologies, and antiferromagnets are promising candidates to convey this frequency range
via collective spin excitation, called magnon [1]. Hexagonal FeS exhibits collinear antiferromagnetic order
along the c-axis below the Néel temperature (~600 K), and many theoretical and experimental studies have
focused on pressure-induced [2] structural and electronic transition in FeS, while detailed investigations into
its magnon excitation spectrum remain limited. However, to fully utilize them for THz 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 hexagonal FeS to evaluate the spin-exchange interactions,
magnetic anisotropy, and magnon dispersion using full-potential linearized augmented plane-wave (FLAPW)
method [3] with generalized gradient approximation with Hubbard correction (GGA+U). The spin-exchange
interactions are obtained based on linear response theory, the magnetic anisotropy constants are obtained by
the force theorem to spin-orbit coupling (SOC) and magnetic dipole-dipole interaction (MDI) approximation,
and the magnon dispersions are obtained by using linear spin wave theory (LSWT) [4]. The calculated band
structure exhibits spin-splitting despite antiferromagnetic order, which is a key feature of an altermagnet. The
first- and third-nearest neighbor, J; and Js, stabilize the antiferromagnet order along the c-axis, while the
J» connects two parallel Fe site and stabilize the (001) in-plane ferromagnetic order. Due to different
surrounding of the two Fe sites within unit cell, the J, of each Fe site differs by an amount of approximately
6 meV. From the magnetocrystalline anisotropy (MCA) calculation, we confirm the in-plane magnetic
anisotropy in agreement with experiments [5]. The antiferromagnetic resonance frequency is about 3THz,
which is lifted by the in-plane MCA constant. At the edge of the Brillouin zone, the degeneracy between two
magnon frequencies is lifted due to the difference in J, between two Fe sites, and the frequency of the higher
mode is approximately twice that of the lower one. The calculated dispersion reveals two separated magnon
modes, opening the prospect of dual-frequency information channels. Similarly, mode-dependent transport
has been predicted in altermagnets: specific magnon mode can be selectively suppressed along particular
directions, thereby enabling route-controlled spin and heat currents [6].

1] T. Moriyama, et al., Phys. Rev. Mater. 3, 051402 (2019)

2] R. Takagi, et al., Nat. Mater 24, 63-68 (2025).

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

[
[
[
[4] S. Toth, et al., J. Phys. Condens. Matter 27, 166002 (2015).
[5] D. Bansal, et al., Nat. Phys. 16, 669-675 (2020).

[

6] A. Costa, et al., SciPost Phys. 18, 125 (2025).
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AEVEDEERICEIERERREFESHKBREVRIEDS

Resonant spin pumping with high harmonic generation by standing spin waves
RKTI, ’K BAP, BHF CEMS?, #FXK 4 HiLK AIMRS
Dept. Appl. Phys., Univ. Tokyo', Inst. AT and Beyond, Univ. Tokyo?, CEMS, RIKEN?, Kobe Univ*
AIMR, Tohoku Univ. 3
BIERER 3, hniEsE 4 BERE 1SS, BRIR 1258
E-mail: koujirohoshi@g.ecc.u-tokyo.ac.jp

Tz VIMHDFRAT 4 VTR ENT, RAT 4T R_T MIVEREEND B DI
X7 MQFETEFO7oArImET oL, O 7z Imb LMD 7 =13
e —E LR, B OFIRISERBN Q TREMICERT 22 LThHD, =
D7 )V IFDRAT 4 > 7 NFICBE L, 820 E BB ORBIL, a2 — B
EREIND T & ) NN ROBOEREEZ T L, BRI Z 4/ E— KDY
7 MEEFET D, 74 CDOBEENRRAT 0Ty bV Q ORE, V7 MED K
RERV T 7 OREKIT0ICRD, ZOR, BRCAYHBEICBIT 5EHE
IR D BRI~ & D723 0 . CDW (FEMFE L) <0 SDW (A B U EE) 72 L
DL LTHND, RO T 2 VI HDRAT 4 ¥ TRIIEFRN I 2 AT 4 7
R NIRRT 523, BIEIChE S o7 MU X 287 7 =V I EO
AXAT 4 TR BIFFTE D, ZOR, BT OJSEBEITEAYIT I B 72 B8 K3
HIFF S, TEROBERIZSR CTIIEBL USRI - Te BT MBS 2 L 2 5,

AWML TIE, AR LN REOEBINR 7 2 VIEDO R AT > TR

B DINED IR E RPN & FZ5E LTz, BARIIIZIE, 58BEMEIR P O A2 ik
TR Pk % Landau-Lifshitz—Gilbert HFFE=R% HWTEHE L, Brouwer AR
[1, 2] W T A IR A BAERNIZ IR LTz, SHROMER. R~ 7 U BELICZ &
HAEUEDEERE ORI L T, BIBRE—2 LT 1 v T2 ELRIEA E Vi
WERSND ZENDhoTz, SHIT, ZORHA L URITEREHEEZRTZ L
Nhotz, £, 57 2V I T FAXF—ITBWT, &R ORBDNER I
KT2DZENpoTle, s TIL, FEMRFHEAE LR RIC DWW THET 5,

[1] P. W. Brouwer, Phys. Rev. B 58, R10135 (1998).

[2] Y. Tserkovnyak, A. Brataas, and G. E. W. Bauer, Phys. Rev. Lett. 88,
117601 (2002)
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RFEEA LT Pt/Co REBEICHITHREVR—ILREE L BRFE
BIEDE—[REHE
First principles calculations of spin Hall conductivity and electric-induced spin
polarization in Pt/Co interfaces modified by atomic-layer insertions
=EXBRI' Gadjah Mada Univ.2, OC(M2)AER E#H' M Alifin" 2 dhF &K'
Mie Univ.', Gadjah Mada Univ.2, °Tomoki Ishihara', Muhammad Alifin" %>, Kohji Nakamura'
E-mail: 424M203@m.mie-u.ac.jp

AV R — VI RIT KD A U WUET AR ORI BT, BorE N b EHAe
BILHRIZE DL /LT TORRIEID R VA TE 72, Lo, FBHICEREO R B,/ HuE RS
SRREIE RBEAL O G A 1 = X A OBIERIEIABLECTH 5. BlzIE, RO A E VR — ARE
(SHC) 23/ fEICHRE L /NS D T EWRENTWA[L]. £z, AR — LRk e
HEbED 2 L TR A LS OBBEOREZLRENTND. ZOoHFROL L, fix
1% Co/Pt WA HIZE 1T D SHC & LB A —/UEEE (OHC) OF —JHERFHH 2w, SHC O
S 2 Jf 3 2 72D O AR OIREEZ HED TE2[2]. AREKTIE, S HITRTHERNOETT
FICHE DA % Sl i L7z Co/M/Pt #IEIZF51T % SHC & OHC OF —FEER A WmE T 5
L b, BIREINC X ABEBAMASE (ME) OF—FHEHE T2 7T LBEEITY, ThLTh
RICHH L7oERICOWT O AT 5. BRI, —RIEAREPIC RS 2ET
JVIRT 3 MRRIAL SRR I (3] 2 VY, SHC =° OHC, A B ME B2y, i ME &
ZRy AFIMBEARXD BRI L=, 7V 2T > Co/Pt IRIZIE, 8 1-J& Pt(111) & HJF 18 Co 7>
572% Co/Pts VY, R FBEENG VT 7 2o 2130 &5 IReWE R T8 % Fimb i
ALT. BHEORER, FmIErHAIZ LY, SHC RygldorHEHl ﬁ%t&ﬁb(mc%mﬁﬁﬁ
(AT D Z Lol BIZIE, Fe, Ru, Os il FEHfiA L72Ya, SHCIE7 U 27 1 > Co/Pt
DIEIZX LT, 18%, 9%, 20%J874, OHC X 10%, 51%, S2%IZZE b L7z, BETIE, Zhbo
L HRTFIBIZB T DB ME &S FENL BT 5.

[1] K. Nawa, et al., Phys. Rev. Mater. 8, 014405 (2024)

[2] T. Ishihara, et al., The 72"4 JSAP Spring Meeting, 15p-P07-40, Chiba, Mar. 2025
[3] K. Nakamura. et al., Phys. Rev. B 67, 014420 (2003)

© 2025%F [CRAYEER 10-036 10



7p-P03-27 HL6EIE MBS AT LAHES WETHE (2025 WA RAFr> /(R &FVFMY)

ZRRWMEET ENVT 7 AHFEOBEREME L A R — VR
Spin Hall Effect and Thermal Stability in doped Pt amorphous films
AMIEKXR', AKX OMNEA L&' SHRE' MFYHB X—', Dav Ny Ly
SR, JEE B— T, AA P, RE HEY EEES

Kyushu Inst. Tech.!, Yamaguchi Univ.2, ©S. Mizota!, K. Imai', T. Hombo!, J. R. Mohan', Y. Horibe',

M. Ishimaru!, H. Asada?, Y. Fukuma'

E-mail: mizota.soki942@mail.kyutech.jp

KWRATY E LTERSR TS A #0E V7 R A D (SOT-MRAM) DPEREI,
R A B BN (Osu) E IR (0 IR AKFT D, THF, mTRILF—P A A TEAIS
Ko TPt#EEZTENLT 7 AL L. Osue & 0.75 £ Tl LS W72 FI3 e 40 CTER 0 [1], A G
ZAEH LT 258tk & LTHER ST D, L ZOHIETIE, 400°CHEE D BEOL 7 =—
VRPN E D N RE Yy v 71,02 eV 2 HT D PP BRSNS Z & TN LR L, &
SIS EIC £ D Osue DI F O RREM: 72 & BVLEVEIC RS B 5, —J7. Pt I BEL
DEEKT D Z & T s 10 LS D FIEEL LT, RISHEA/R Y ZIEIZ XD NGB AR HE ST
WA[2], FTo. E£7c. Fe-Pt RIZHBITHME TIE, FUCHEA Ry ZIZ Lo TEFELEANTLHZ &
T, B b EDOZBA IR SN D 2 ENME SN TVD[3], £ I TAIFETIE, NoX° Cu
AWM UTz PEEZAFRL L Osue DZAL. WEEIRAE, BVLBHTE & DR 2 5FAl L 72, Si/SiO, A&
Mz, No IR H A& AW TZBOGHE A2y 232X 0 10 nm JED Cu-doped PN, 7[5 A i i5E L 7=
(N2fi i e Q = 10, 20%) ., AFBHIRF LT, M= R /L¥F —30keV, HAEE 5.0x10" B8 L
1.0x10" ions/cm? DZRAET P A A ZIEA LTe, AR, 200~400C ORI TELEL 21T -7, H)
I, XRD JIEIC K #EEFH 21T 572, PA AU BAHC K0 BV ORI T ELT 7 R
fEL TS Z L 2R L7z, 400°C T ORI LV PPAHDTERL AR S, Q=20%TiE Q=10%
& HHE LT PPAHDRESRRIEE AN &S < | BRI S TWD T &R pinole, £, Z
D PP DT HIZ KV | BB OIFIFRII R E <IN (4~5£%) L7c, AE L bv o s g E
EHNTAE U R—ARIROFMAZIT 572, 400°CTOEIUT LY Ogup (T8N D A %

RLTED, Q=10%TIE Osue=0.38. Q=20% Tl Osup=0.31 Z1F7=,

2% 3R

[1] U. Shashank et al., NPG Asia Mater 17, 15 (2025).

[2] U. Shashank et al., J. Phys.: Condens. Matter 36, 325802 (2024).
[3]1C.Y. You et al., J. Appl. Phys. 98, 013902 (2005).
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AN BEIZEYERLEBRRFNEREROR EVAR—ILBHR
Spin Hall effect in O-doped Pt layers prepared by sputtering
ATIK!Y WAX? OM2)/MEF B, M)EEF F2 M)EH K-,
PYENY D3y LyIR R B AL 2, RE ML 86 &E'
Kyushu Inst. Tech. !, Yamaguchi Univ. 2, °Y. Ono !, M. Yoshino %, T. Hombo !,
J. R. Mohan ', Y. Horibe !, M. Ishimaru !, H. Asada 2, Y. Fukuma !
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Za—BEALT 47 AL a—T 4 T OERBUIMIT T, EHHEOINAEY Y b= R
TR ANBEL SN TWD, BEPH)RZ o Z ATk, x FHICERZEINLZ8SEA, AE UK
—AEHIRIZE D y HFIANRMR L2 A B R ER SN D, T, RmEFEOTFLE)ND R 57 IS
AV ARG 2 O A E RO AERRDBRE ATV DL, EWERR) S A B L~ DA HL)
D z FFIANARAR L7z 2 B i 2 /B R C & D2 ARRC & Ui, ANl B RS (x 7)) 72 LT
DAY CHIE F V2 BAVBRO BB WG S D AFFETIR R 2 IR0 L7z Pt A /FRLL |
MR OBIRNZ L 0 A R— VRN ED X DI T D2~

Si/Si0, HA_EIT . PtOx(10%, 10 nm), PtOx(20%, 10 nm), PtOx(0, 5, 10, 15, 20%, 2 nm X 5 J&=10 nm)
@ PtOx(Gradient) % I JSHEA /R X U o ZIEIC K - THERE L 72, & D% . NiFe(10 nm)/Al,03(10 nm)
AIER LT, A B RV 7 SR IEI(ST-FMR)IIE ZFH L T A B R — LB R ORI 217 - 72,
SNESEE S DHUINA B ¢ 2284k L7223 5 ST-FMR JIE 24TV, 5572 A7 R BEGEER
T DR (S) & BOSFR (A B LIz, ZOREND 7 4 v T 4 7 %HITVD. SBITA D
B IR T, B BEEETIIA R —ARENL PRIND y OB ETH D08,
PtOx(Gradient) TIiX 72 5 FIAIZ A B ARG D & & DA B Ui D D HERHA LI,

100} ' (e me =]l T
7 y
7
S v _
< 7 %
: % %
= _ .
i B 1
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Fig. 1 Proportions of each directional component in

symmetric and asymmetric STFMR voltage signals.

2% 3R
[1] U. Shashank et al.: Phys. Status Solidi RRL, 17, 2370011 (2023).
[2] J. R. Mohan et al.: ACS Appl. Mat. Inter., 17, 11259 (2025).
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Control of Interlayer Chiral Coupling by thermal annealing under oblique

magnetic field application
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and Kay Yakushiji
AIST

E-mail: y-hibino@aist.qgo.jp

Interlayer Dzyaloshinskii-Moriya interaction (interlayer DMI) in ferromagnet/non-magnet/ferromagnet
(FM/NM/FM) structure promotes interlayer chiral coupling (ICC) between two ferromagnets which result
in nontrivial chiral spin structures [1-4]. Such magnetic coupling enables field-free spin-orbit torque (SOT)
switching of out-of-plane magnet, which can be used in high-density SOT-MRAM [5]. While the
microscopic in-plane asymmetry of the structure is a key factor in the emergence of interlayer DMI, the
physical origin and how to control the chirality of ICC are still unclear. Here, we offer a new method to
control the chirality of the ICC by means of a post-annealing process under an oblique magnetic field.

We prepared the following FM/NM/FM structure on a thermally oxidized Si substrate: Sub. / Ta (5) /
Ru (3) / Pt(2.6) / [Pt(0.4)/C0(0.4)]4 / Ir (0.46) / Co-Fe-B (1.4) / MgO / Ta (3). Inside the parentheses show
the thickness of each layer in nanometers. Here, [Pt/Co]s and Co-Fe-B are perpendicularly and in-plane
magnetized, respectively (hereafter referred as PML and IML). After the deposition, the FM/NM/FM
structure was annealed at 330 °C for an hour. The annealing process was performed under a magnetic field
of 1T applied along the polar angle 6; from the out-of-plane direction (Fig. (a)). The in-plane
magnetization curves of IML along the x-axis are shown in Fig. (b). A significant shift of bias field (AHs)
was observed between the two polarities of the magnetization of PML (+M and -M states), which originates
from the ICC acting on IML. Figure (c) shows the dependence of AHs in the same structure on &.
Surprisingly, AHs shows significant angular dependence, in which the sign of AH; is reversed at 64 =90
degrees, indicating that the chirality of the ICC is reversed. The results provide a new method to control
and design the interlayer magnetic coupling, which could be applied for spintronic devices.

This work was partly supported by Grant-in-Aid for JSPS KAKENHI (23H01477), Japan.

Figure: (a) Schematic of magnetic field configuration during annealing process.
(b) Magnetization curve under +M and -M state. (c) 6« dependence of AH:.

[References]
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(2019). [3] C. O. Auvci et al., Phys. Rev. Lett. 127, 167202 (2021). [4] H. Masuda et al., Phys. Rev. Appl. 17,
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Electrical detection of spin-polarization in nonmagnetic heavy metals
induced by circularly polarized light
Science Tokyo!, ICR, Kyoto Univ.2, °Soichiro Mochizuki', Itaru Sugiura?, Teruo Ono?,
Takuya Satoh!, Kihiro T. Yamada!

E-mail: mochizuki.s.7¢36@m.isct.ac.jp

Circularly polarized light can transfer its spin angular momentum to electrons in condensed-matter materials
via helicity-dependent electric dipole transitions inside spin-orbit split electronic structures. This helicity-
dependent optical excitations can create spin-polarized states and spin currents in the conduction bands.
While the optical generation of spin-polarized states and spin currents has been extensively electrically
investigated in III-V semiconductors [1] and topological insulators [2], it is not studied for heavy metals with
strong spin-orbit interactions.

Here, we report the observation of spin-polarized states in nonmagnetic heavy metals under the irradiation
of circularly polarized light. Thin heavy metal films were deposited on glass substrates by dc sputtering at
room temperature. These thin films were processed into Hall devices by a standard photolithography and ion-
milling techniques. Circularly polarized light with a wavelength of 532 nm was focused on the center of a
Hall cross with a diameter of 6 um by an objective lens. The light circular polarization was modulated at a
frequency of 50 kHz using a photoelastic modulator. We applied dc currents /g in the longitudinal direction
and measured the Hall (transverse) voltages V5, using a lock-in amplifier. Fig. 1 shows V,, as a function of
lgc for Pt with a thickness of 20 nm. We find that the slope of V,, which represents Hall resistance Ry,
depends on the laser intensity. At a laser power of 100 mW, the value of R,, reaches approximately 100 mQ .

In the presentation, we will show more details of our experiments and discuss the results.

References
[1] N. Okamoto ef al., Nat. Mater. 13, 932-937 (2014).
[2]J. Yu et al., Appl. Phys. Mater. 116, 141603 (2020).
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Fig. 1 Hall voltages V5, as a function of applied dc current /4. in Pt with a thickness of 20 nm.
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Dependence of Spin Accumulation Signals on Impurity Concentration in
Heavily Doped n-Type Silicon Layers
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%% 3k [1]S. Sugahara et al., APL. 84, 2307 (2004). [2]F. J. Jedema et al., Nature 416, 713 (2002). [3]M.
Ishikawa et al., PRB. 95, 115302 (2017). [4]M. Yamada et al., APEX. 10, 093001 (2017).
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Fabrication of nanoscale magnetic tunnel junctions utilizing thin-film edges
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Since the observation of tunnel magnetoresistance (TMR) effect at room temperature in magnetic tunnel
junctions (MTJs), research on MTJs has been actively conducted [!. MTJs with various shapes have been
reported, and the junction area of MTJs ranges from milli-/micro-meters to nanometers ['*). Recently, we
have successfully fabricated nanojunctions using molecules sandwiched between NizsFey (Py) thin-film
edges 4. This device is magnetically stable, and the resistance of its electrodes is relatively small. Therefore,
the device can realize a high signal-to-noise ratio and low power consumption. In this study, towards the
observation of TMR effect, AlOx-based nanoscale MTJs with the structure shown in Fig. 1 are fabricated,
and their structural, electrical and magnetic properties are investigated.

We have fabricated Py and FeCo thin-film electrodes for the nanoscale MTJs shown in Fig. 1. The Py
and FeCo thin films were deposited on glass substrates by sputtering, and glass/Py/glass (S-Py) and
glass/FeCo/glass (S-FeCo) were fabricated by thermal pressing and mechanical cutting. The cut surfaces
were polished, and AlOx thin films were deposited on the polished surfaces. Prior to device fabrication, we
investigated magnetic, structural and electrical properties of S-Py and S-FeCo by magneto-optical Kerr effect
spectroscopy, conductive atomic force microscopy (c-AFM) and scanning electron microscopy (SEM). In
the fabricated MTJs, we measured magnetoresistance (MR) by DC four-probe method under magnetic field.

Fig. 2 shows the coercivities of S-Py and S-FeCo with respect to the pressure during the thermal pressing.
With increasing the pressure, the coercivity increases, enabling the realization of the antiparallel
configuration in devices, which is required for the observation of TMR effect. Fig. 3 shows the c-AFM image
of the surface of S-FeCo covered with AlOx thin films, in which the thickness d of FeCo film is 39 nm
obtained by SEM observation. A uniform electrical conduction along the FeCo edge covered with AlOy thin
films is observed. Similarly, it is also observed in S-Py. These results indicate that the fabricated S-Py and S-
FeCo can be used as electrodes of the nanoscale MTJs. Although the fabricated MTJs exhibit TMR effect, it
is not clear, which may originate from the magnetization configuration of the magnetic electrodes. To achieve
more pronounced and reproducible TMR effect, the optimization of the magnetic electrodes will be required.

150

’_’b Py or FeCo
& thin films |

N | ® Py
& d_T"1
&7 T w0l . . "
19 T
Junction area 500 ¢ o
=dX
Ao, S=9%d i

PR E S R S H S
<~ lagnsizddon )y 0 0.5 1.0
Pressure (MPa)

Coercivity (Oe)

Fig. 1 Schematic of nanoscale Fig. 2 Coercivity of S-Py and S- Fig. 3 c-AFM image of the surfaces
MT]Js utilizing thin-film edges. FeCo with respect to the pressure. of the S-FeCo covered with AlOy.

[1] T. Miyazaki et al., J. Magn. Magn. Mater. 139, L231 (1995).
[2]J. Igarashi et al., npj Spintronics 2, 1 (2024).

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

[4] M. Matsuzaka et al., Nanoscale Adv. 4, 4739 (2022).

© 2025%F [CRAYEER 10-042 10



7p-P03-33 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

Chirality-induced spin selectivity in organic spin valves
utilizing Co/Pt multilayers with perpendicular magnetic anisotropy
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Recently, molecular spintronics is an attractive research field due to its unique properties, such as the
potential for achieving large magnetoresistance (MR) ratios in organic spin valves (OSVs). Organic
molecules mainly consist of light elements, which contributes to weak spin—orbit coupling (SOC). The weak
SOC can suppress the spin scattering in molecular layers. Therefore, OSVs are expected to show a large MR
ratio. First-principles calculations predict large MR effects originating from orbital hybridization of
ferromagnetic elements and organic molecules [1]. However, while the observed MR ratio is 40% in OSVs
at a low temperature of 11 K [2], the MR ratio is as small as approximately 2% at room temperature [3]. Here,
we focus on chirality-induced spin selectivity (CISS), where chiral molecules act as spin filters. High spin
polarization originating from CISS [4-6] is expected to lead to the observation of a large MR ratio in CISS-
based OSVs at room temperature. Since the MR curve of CISS-based OSVs corresponds to the magnetization
curve of magnetic layer, the MR effect is expected to be observed under a low magnetic field by using Co/Pt
multilayers with perpendicular magnetic anisotropy. In this study, we fabricate Au/S-1,1'-Bi-2-naphthol
(BINOL)/[Co/Pt], and Au/R-BINOL/[Co/Pt], OSVs, and investigate their spin transport properties.

Fig. 1 shows a schematic illustration of Au/S(or R)-BINOL/[Co/Pt], OSVs, which were fabricated by
using DC magnetron sputtering and spin coating. For device patterning, photolithography and shadow mask
were used in the bottom [Co/Pt],/Cr and top Au layers, respectively. The junction area of the OSVs was 100
x 250 um?. The magnetic properties were measured by focused magneto-optical Kerr effect. The MR effects
were evaluated by DC 4-probe method under a magnetic field at room temperature.

Fig. 2 shows the magnetization curve of the bottom electrode under perpendicular magnetic field. A clear
hysteresis loop is observed in the bottom electrode, in which the coercivity H. is 182 Oe. This means Co/Pt
multilayers with perpendicular magnetic anisotropy are successfully fabricated. Fig. 3 shows the MR curve
in Au/S-BINOL/[Co/Pt]; OSVs. The MR curve corresponds to the magnetization states of Co/Pt multilayers.
In addition, the MR curves of Au/S-BINOL/[Co/Pt], and Au/R-BINOL/[Co/Pt], OSVs exhibit opposite
polarities in their resistance changes. These results indicate that a clear MR effect due to CISS is successfully
observed in Au/BINOL/[Co/Pt], OSVs under a low magnetic field.
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Fig. 1 Schematic illustration of Fig. 2 Magnetization curve of the Fig. 3 MR curve in Au/S-BINOL/
Au/S(or R)-BINOL/[Co/Pt], OSVs. bottom electrode. [Co/Pt]2 OSVs.
[1TA. R. Rocha et al., Nat. Mater. 4,335 (2005). [2] Z. H. Xiong et al., Nature 427, 821 (2004).
[3] 1. Angervo et al., Appl. Surf. Sci. 589, 152854 (2022). [4] Z. Xie et al., Nano Lett. 11, 4652 (2011).
[STM. Suda et al., Nat. Commun. 10, 2455 (2019). [6] Z. Bian et al., Adv. Mater. 35, 2306061 (2023).
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Fig.1. Band structure of bcc-Fe(110) for (a) up-spin and (c) down-spin states. Transmittance of
Fe/MgO/Fe(110) MTIJ at (kx,ky)=(0,0) in parallel magnetization for (b) up-spin and (d) down-spin states.
(e) Band structure of down-spin state of bec-Fe (110) with +4% tensile strain. Note that the z-direction
is the perpendicular direction to the (110) MTJ plane.
[17Y. Ohno, et al., Phys. Rev. Lett. 83, 4196 (1999).

[2] S. Iba, et al., Micromachines 12, 1112 (2021).
[3] P. Giannozzi, et al., J. Phys: Condens. Matter 21, 395502 (2009).
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[17 I. Angervo et al., Appl. Surf. Sci. 589, 152854 (2022).
[2] Z. Xie et al., Nano Lett. 11, 4652 (2011).
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Magnetic Tunnel Junctions (MTJs) with Perpendicular Magnetic Anisotropy (PMA) are central to
spin-transfer torque MRAM, with the Fe/MgO interface offering strong PMA and voltage-controlled
magnetic anisotropy (VCMA) [1,2]. However, lattice mismatch between Fe and MgO can introduce
interfacial strain, leading to structural defects that compromise crystal quality and stability. These effects
are further influenced by synthesis methods and oxidation states, as seen in related systems like FesaN/MgO
[3,4]. While DFT is commonly used to study such interfaces, most studies are limited to small unit cells,
restricting access to a wider configuration space. To address this, we apply the Global Optimization with
First-principles Energy Expressions (GOFEE) method to explore low-energy interfacial structures in
Fe/MgO (001) using a 3x3x1 supercell with two monolayers of Fe and MgO [5]. Calculations are
performed using the Linear Combination of Atomic Orbitals (LCAO) method with the
Perdew—Burke—Ernzerhof (PBE) functional, a (2,2,1) k-point grid, and a double-zeta polarized basis set.
Two initial conditions are considered: a clean interface and an oxidized one where one oxygen atom is
shifted toward the Fe layer without altering stoichiometry. For each condition, GOFEE method is
performed by applying a 1.1 A rattle to Mg and O atoms while keeping Fe atoms fixed. After 50 GOFEE
iterations, the clean interface reliably produces crystalline MgO, while the oxidized configuration does not,

indicating that initial oxygen placement strongly influences 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] Bisbo, M. K., and Hammer, B., Phys. Rev. B, 105 (2022), 245404.
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Fabrication of Fce(111)-Oriented MTJs on Bee(110)-Oriented FeAlSi Films
for TMR Sensors Application
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Magnetic tunnel junction (MTJ)-based tunnel magnetoresistance (TMR) sensors enable high-sensitivity
magnetic field detection and are expected to realize applications in the medical field [1]. However, larger
TMR ratio is required for TMR sensors to be widely deployed in practical applications. Recently, it has
been suggested that MTJs with fce(111)-orientation can significantly improve TMR ratio [2]. In this study,
we fabricated fcc(111)-oriented MTJs on bee(110)-oriented FeAlSi epitaxial thin films to obtain both high

TMR ratio because of fcc(111)-orientation and low magnetic anisotropy due to soft magnetic properties of

FeAlSi.
. . . . 200, 300°C
The multilayer films were deposited using an ultrahigh vacuum w/1T
Ru (10)
sputtering system capable of fabricating high-quality multilayer structures. Pinned C‘;::e:'g)
A schematic of the fabricated structure is shown in Fig. 1. XRD 26/w and ¢ layer ciﬂ.,‘p‘l;f"&)
MgO (2)
scan results (Fig. 2) confirmed that Ru(hep(0001)), CoFe(fec(111)), and con Sobe [2)
G
IrMn(111) grew epitaxially as single-crystalline layers on FeAlSi(110). The layer FeA:sslo(SO)
MgO layer was also confirmed to be (111)-oriented in the sample with a :f:(:
thickness of 20nm. These results indicate successful fabrication of “‘7&2
fee(111)-oriented MTJs on bec(110)-oriented FeAlSi. Magnetoresistance MOs (11720}
(in nm)

characteristics will also be reported in the presentation. This work was
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SCOPE project, CSIS, CIES and the AIE-WISE Program. the fabricated MTJ sample
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Fig.2 XRD results : (a) 26/® scan confirming the out-of-plane orientation; (b) magnified view of the
35°-50° region; and (c) ¢ scan indicating in-plane epitaxial alignment.

[1] T. Nakano et al., Appl. Phys. Lett. 126, 160503 (2025)
[2] K.Masuda et al., Phys. Rev. B, 101, 144404 (2020)

© 20255 [CHMEES 10-047

10


mailto:daisuke.amiie.p5@dc.tohoku.ac.jp

7p-P03-38

Insulator thickness dependence of magnetocapacitance
in magnetic tunnel junctions and calculation modeling

Ryuta Okazaki', Yuto Shibata', Mizuki Matsuzaka', Mizuki Wakamoto',
Hiroaki Sukegawa’, and Hideo Kaiju'?
'Keio Univ., 2NIMS, and *CSRN, Keio Univ.
E-mail : ryuta_horizon@keio.jp

Magnetic tunnel junctions, which consist of a thin insulator (I) sandwiched between two ferromagnetic
(FM) layers, exhibit a large tunnel magnetocapacitance (TMC) at room temperature [1]. Recently, a large TMC
ratio of 456% has been observed over an optimized frequency and bias voltage range in
FeCo/MgAl,04/FeCo(001) MTJs [2]. However, previous studies have demonstrated that the TMC peak
appears at low frequencies, and that the observed TMC is approximately 50% in the high frequency region [3].
For device applications, a larger TMC at higher frequencies is desirable. According to the Debye-Frohlich
(DF) model, a large TMC is predicted at higher frequencies in MTJs with a thin insulator, in which the electric
dipoles formed at the FM/I interfaces follow the changes in the AC electric field. In this study, we report the
largest TMC beyond 650% for MTJs with a thin MgO barrier in the high frequency region at room temperature.

The MTlJs were prepared using an ultra-high vacuum magnetron sputtering system with a base pressure of
5 x 1077 Pa, with the following layer sequence: Si/SiO, substrate/[Ta (5)/Ru (20)]3/Ta (5)/FeCoB (3.5)/FeCo
(0.7YMgO (dmgo = 1-2 nm)/annealing/FeCoB (3.5)/FeCo (0.7)/Ir20Mngo (8)/Ru (8) (unit: nm). The MTJs
stacks were patterned into a junction area of 5 x 10 um?* with an elliptical shape using photolithography, Ar
ion-beam etching, and SiO> insulation sputtering. The frequency characteristics of the TMC for MTJs were
measured by an AC four-probe method at room temperature.

Fig. 1 shows the frequency characteristics of TMC in MTJs with dwveo = 1.18, 1.22, and 1.27 nm. The
calculation of TMC is performed using the extended DF model incorporating the transmittance of quantum
tunneling effect into the high-frequency capacitance term. As shown in Fig. 1, the TMC ratio decreases with
increasing the frequency for dvgo = 1.27 nm, whereas it increases up to 661% at 1 MHz for dwveo = 1.18 nm.
The TMC of 661% is the largest value ever reported for MTJs. The calculation results of TMC fit to the
experimental data well. Fig. 2 shows the MgO thickness dependence of capacitance Cpap) in the parallel
(antiparallel) magnetization state at 1 MHz. Cp(ap) increases exponentially with decreasing the MgO thickness,
and a significant difference between Cp and Cap is observed. The experiment data provide an excellent fit to
the calculated results in the entire MgO thickness range. These experimental and theoretical findings contribute
to a deeper understanding on the exact mechanism of the TMC effect, and the prospect of an increasingly large
TMC at higher frequencies opens exciting opportunities for novel spintronic applications. This work was partly
supported by JSPS KAKENHI Nos. 24K00948 and 24H00408, MEXT Program: Data Creation and
Utilization-Type Material Research and Development Project Grant Number JPMXP1122715503.
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Fig. 1 Frequency characteristics of TMC. Fig. 2 MgO thickness dependence of Cpap).

[1] H. Kaiju et al., Appl. Phys. Lett. 107, 132405 (2015).
[2]Y. Shibata, K. Sato, H. Sukegawa, and H. Kaiju, Appl. Phys. Express 16, 113003 (2023).
[3] P. Padhan et al., Appl. Phys. Lett. 90, 142105 (2007).
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A Comparison of Electrical 1/f Noise in Magnetic Tunnel Junctions with MgO and Mg-Al-O
Barriers
Shintarou Nii', Chaoliang Zhang!, Haoxiang He!, Yupeng Wang!, Takayuki Hojo'!, Takafumi
Nakano!?, Mikihiko Oogane!?
Department of Applied Physics, Tohoku Univ.!, Green X-tech, Tohoku Univ.2 CSIS, Tohoku Univ.?
E-mail: Chaoliang.zhang.e8@tohoku.ac.jp

Magnetic tunnel junction (MTJ)-based tunnel magnetoresistance (TMR) sensors offer high
magnetic field sensitivity, compact size, and operation capability above room temperature, making
them suitable for biomedical applications.! Many such applications involve sensing weak magnetic
fields in the sub-100 Hz frequency range, where electrical 1/f noise becomes a significant limiting
factor. This noise primarily originates from charge trapping and detrapping at the tunnel barrier or its
interfaces.? Although MgO is one of the most widely used tunnel barriers in MTIJs, its lattice mismatch
with Fe-based electrodes often introduces interfacial defects, leading to elevated 1/f noise.? In contrast,
magnesium aluminum oxide (MAO) offers a better lattice match to Fe, making it a potential low-noise
alternative.* Although previous studies have focused on the TMR properties of these barriers, detailed
comparison of their 1/f noise behavior is still required to fully understand the noise mechanism. Here
we address this gap by performing a direct comparison of the electrical 1/f noise characteristics of
MgO- and MAO-based MTJs fabricated under similar processing conditions.

The MT] stack in this study is MgO(001) substrate / Cr(60) / Fe(50) / Mg(0.2) / MgO or MAO(2) /
Fe(5) / IrMn(10) / Cr(5) (thickness in nm). The barrier layers (MgO or MAQO) are deposited via
electron beam evaporation, while the remaining layers are formed using DC magnetron sputtering.
Device patterning is carried out using standard photolithography and ion milling techniques, and TMR
measurements are performed using a four-probe setup. Devices with MgO barriers (MgO-MT]Js)
exhibited TMR ratios ranging from 140% to 180%, whereas those with MAO barriers (MAO-MT]Js)
showed TMR ratios between 60% and 100%. The power spectra density of MgO and MAO-MTIJs is
measured to assess their noise electrical 1/f noise, which is quantified with the Hooge parameter.’
MgO-MTIs shows a value of 5.74 x 107® um?, while MAO-MTIJs showed a substantially lower value
of 5.69 x 107 um?, confirming the noise suppression capability of MAO. To further investigate the
underlying cause, scanning transmission electron microscopy was utilized to examine interfacial
defect densities. The analysis revealed that the MAO/Fe interface had approximately 1% defect density,
significantly lower than the 4% observed at the MgO/Fe interface, pointing to the superior lattice
compatibility and structural quality of MAO, which is considered to contribute to the noise suppression.
These results offer valuable guidance for selecting tunnel barrier materials in the design of low-noise
TMR sensors, especially for sensitive applications in biomedical and low-frequency detection
environments.

This work was partially supported by the X-nics project and CSIS, and CIES at Tohoku University,
SIP project and BRIDGE project of Cabinet Office, JSPS KAKENHI 24K 17316, and research grants
of Hirose Foundation.

References: [1] T. Nakano et al., Appl. Phys. Lett 126, 160503 (2025). [2] M. B. Weissman, Rev. Mod.
Phys. 60, 537 (1988). [3] D. Herranz et al., Appl. Phys. Lett 96, 202501 (2010). [4] H. Sukegawa et
al., Appl. Phys. Lett. 96, 212505 (2010). [5] F. N. Hooge et al., Rep. Prog. Phys. 44, 497 (1981).
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RMILFBZERALERAEY MLV I & 5EEBAE REEGEDER
A theoretical study of precessional magnetization reversal via spin torque assisted
by reinforcement learning
BEREIL OM)R+EEX BRAHE
Saitama Univ. °Yuta Igarashi, Junji Fujimoto

E-mail: yigarashi@spin.eeap.saitama-u.ac.jp
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FIG.1. (a)Reinforcement learning framework for magnetization reversal. (b) (Left) Episode dependence of the
total rewards. (Center) Magnetization dynamics for the 20th, 300th, and 900th episodes and the episode yielding
the highest total reward. (Right) The corresponding current waveforms. The simulation is performed for a; =
0.01 and My = 750 KA/m (i.e., uoM; = 0.94 T) at zero temperature T = 0.

[1] T. Taniguchi, S. Mitani, and M. Hayashi, Critical current destabilizing perpendicular magnetization by
the spin Hall effect, Phys. Rev. B 92, 024428 (2015).
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Impedance effects in current-induced magnetic domain wall motion
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Current-induced domain wall motion in Gd-Fe wires with vertical composition gradient
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Characterization of structure and magnetic properties for Ni-Pt alloy nanowires
fabricated by electrodeposition and nanoporous templates
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Fig. 1 (a) Electrodeposition potential £ vs Ni composition X in Ni-Pt alloy films. (b) Cross-sectional view
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nanowires fabricated by electrodeposition and nanoporous template
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and Keisuke Yamada**
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Recently, three-dimensional magnetic memory technology that utilizes domain wall motion has
attracted attention due to its ability to enhance memory performance characteristics !, These devices
operate by manipulating magnetic domain walls (DWs) within nanowires, which consist of magnetic
domains and DW-pinning layers. For the development of magnetic nanowire devices, Co-Pt and
Co-Pd alloys are as optimal materials for their high magnetocrystalline anisotropy (K.) and for
construction of multilayer structures. Our research group has previously published findings on the
characterization of Co-Pt alloy nanowires produced through electrodeposition and nanoporous
membranes 1>°!, However, the optimization of preparation conditions for Co-Pd alloy nanowires and
their characterization has not been investigated. In this report, we focus on examining the structure and
magnetic properties of Co-Pd alloy nanowires.

Co-Pd alloy nanowires were fabricated in the nanopores of a polycarbonate template (PT)
through the process of electrodeposition. We investigated the conditions necessary for the formation of
these Co-Pd alloy nanowires by modifying the characteristics of the polycarbonate template and
adjusting the electrodeposition potential. The microstructure, alloy composition, crystal structure, and
magnetic properties of the nanowires were analyzed using SEM, TEM, EDX, ED, XRD, and VSM,
respectively.

CoxPdi0o-x alloy nanowires with Co compositions x ranging from 35 to 98 could be fabricated
when the samples were prepared using a solution composition ratio of (Co**: Pd**) = (100: 1) as shown
in Fig. 1(a). The templates used are PT 1%, 8%, and 31% in the same electrodeposition potential (-850,
-800, -750, -700 mV vs. Ag/AgCl). Figure 1(b) shows the cross-sectional SEM-EDX view for the
sample of PT 8% at -850 mV vs. Ag/AgCl, the wire length was approximately 8 um and atomic
percent of Co:Pd was 87:12. Figure 1(c) shows that the K, value does not depend exactly on Co
composition because the wire length and saturation magnetization (M) also affected K, value. By
applying these three PT conditions, Co.Pdioo- alloy single nanowires were successfully fabricated,
with lengths ranging from 2 to 20 pm and a face-centered cubic (fcc) structure. PT 1% and PT 31%
were found to be the best electrodeposition templates for estimating K, and M.
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s 80 o#6 s00| ® reference!®
x A T A A
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Electrodeposition Potential (mV vs. Ag/AgCl)
Figure 1. (a) Correlation between the electrodeposition potential and Co composition for Co-Pd nanowires fabricated in each
PT’s porosity. (b) Cross-section SEM-EDX view of the samples. (c) Correlation between K, value with Co composition!*!

References: [1] Y. M. Hung, et. al., J. Magn. Soc. Jpn, 45, 6 (2021). [2] N. Oguchi, et. al., J. Magn. Magn. Mater.
601, 172159 (2024). [3] R. Kawana, et al., Appl. Phys. Expr-ess 18, 033002 (2025). [4] N. Nozawa, et al. J. Phys.
D: Appl. Phys., 46, 172001 (2013).
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Fabrication and evaluation of Co electrodes
for the creation of novel molecular nanodevices
°Koki Terai', Mizuki Matsuzaka', Takumi Ueda', and Hideo Kaiju'?
1Keio Univ. and 2CSRN, Keio Univ.
E-mail: kokiteral3@keio.jp

Molecular spintronics has attracted much attention due to long spin-relaxation times in devices. Notably,
a large magnetoresistance (MR) effect has been reported in molecular spintronic devices with nanosized
junction area'. Recently, we have observed a positive MR effect in NizsFea, (Py)/2, 7-dioctyl[ 1 Jbenzothieno[3,
2-b][1]benzothiophene (C8-BTBT)/Py nanodevices using magnetic thin-film edges’. Here, toward the
creation of novel molecular nanodevices, we focus on Co electrodes as magnetic layers and fullerene (Ce)
as a molecular layer. Previous studies have demonstrated a high spin polarization at the interface between Co
and Ceo®, which is attractive for the application of MR devices. In this study, we fabricate Co electrodes for
molecular nanodevices, and investigate their structural, electrical, and magnetic properties.

A schematic of Co/Ceo/Co nanodevices is shown in Fig. 1. Co electrodes were fabricated by following
procedure. Co thin films were deposited on glass substrates by sputtering. Glass/Co/glass (S-Co) was
fabricated by thermal pressing and mechanical cutting. The cut surfaces of S-Co were polished by mechanical
polishing and chemical mechanical polishing procedure. The structural, electrical, and magnetic properties
of the Co electrodes were measured by scanning electron microscopy (SEM), atomic force microscopy
(AFM), conductive AFM (c-AFM), and magneto-optical Kerr effect.

The magnetic properties of S-Co can be controlled by changing the pressure P during the thermal pressing
and deposition time ¢ of Co films. Fig. 2 shows the magnetization curves of S-Co (sample A; P = 1.0 MPa, ¢
= 6 min, sample B; P = 0.25 MPa, t = 4 min). The coercivities in samples A and B are different from each
other, which suggests that the parallel and anti-paralle]l magnetization states can be realized in nanodevices.
The SEM study reveals that the edge width of Co thin films in polished samples A and B, da and ds, are 48
nm and 31 nm, respectively. Therefore, when we use the polished S-Co of samples A and B as the top and
bottom electrodes, the nanodevices with a junction area S of 48 nm x 31 nm can be produced, leading to the
observation of MR effect. Fig. 3 shows the c-AFM image of the surface of polished S-Co of sample A. A
uniform electrical conduction is observed along the Co edges. Additionally, the AFM measurement shows
that the surface roughness of the polished S-Co of sample A is lower than 1.0 nm. These results indicate that
the Co electrodes can be used in Co/Ceo/Co nanodevices from the viewpoints of structural, electrical, and
magnetic properties.
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Fig. 1 Schematic of Co/Cs/Co  Fig. 2 Magnetization curves of Fig. 3 c-AFM image of the surface
nanodevices. S-Co (samples A and B). of polished S-Co (sample A).

[1] C. Barraud ef al., Nat. Phys. 6, 615 (2010).
[2] M. Matsuzaka et al., Nanoscale Adv. 4, 4739 (2022).
[3] S. Sakai et al., Appl. Phys. Lett. 91, 242104 (2007).
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Investigation of fabrication process for three-dimensional magnetic microstructure
using nano-imprint technique
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BR B2 R 2?2 &% #sx’
Kyushu Univ.}, Toyota Tech. Inst.?, Gifu Univ.?
OYuichiro Kurokawa?, Kenji Tanabe?, Keisuke Yamada®, Satoshi Sumi?,
Hiroyuki Awano?, Hiromi Yuasa!
E-mail: ykurokawa@ed.kyushu-u.ac.jp
[Introduction] Controlling a magnetic domain wall (DW) using electric current has been widely
studied as one of the most active research topics in the spintronics because it can be applied to
magnetic memories [1]. For practical application, a three-dimensional (3D) magnetic wire is required
to obtain sufficient recording density. In this study, we suggest a fabrication process for the 3D
magnetic microstructure using nano-imprint technique.
[Experiment] We fabricated the thin polyimide (PI) sheet on a thermally oxidized Si substrate using
polyimide vanish and spin coating method. The perpendicular magnetized Co/Ni magnetic film was
deposited on the PI sheet using magnetron sputtering method. After deposition, the Pl sheet was
peeled off from the Si substrate. The PI sheet with the magnetic film was put on a cyclo olefin
polymer (COP) sheet and a Si mold was pressed on the PI sheet with the COP sheet under vacuum and

temperature T = 180 °C. After the Si mold was released, the 3D patterned magnetic film was obtained,

that is so-called as a nano-imprint method, as @

Si mold
ShOWn |n Fig 1(a) TV g [\S 3D patterned magnetic film
PI with V
[Results] Fig. 1(b) shows a scanning electron Magnetic m W
C—cor LI
microscopy (SEM) image of surface of the Hot press Mold release
- . (b)
3D patterned magnetic film. The PI sheet is / o
A

successfully patterned by the nano-imprint /
method. Next, we observed DW motion !__'6%

L. Fig. 1 (a) Schematic illustration of fabrication process for
controlled by an external magnetic field 3D patterned magnetic film and (b) SEM image

using a Kerr microscope. We successfully of surface of patterned magnetic film.

observed DW motion on 3D patterning step.
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In the development of spin-transfer torque magneto-resistive random-access memory (STT-MRAM), the
material design for magnetic tunnel junctions (MTJs) becomes a critical issue in addressing the grand
challenges in spintronic memory, achieving perpendicular magnetic anisotropy (PMA) exceeding 2 mJ/m?
and voltage-controlled magnetic anisotropy (VCMA) efficiency over 1000 fJ/Vm [1, 2]. For MTJ structure
of Fe/MgO, the Fe-O p-d coupling at the interface is a key factor for PMA. The interface modification is a
promising approach to tuning both PMA and VCMA{[3]. Previous work, involving the interface insertion of
light elements (LiF) [4] and inserting heavy metal (Ir and W) [5], successfully enhances PMA and VCMA
from its pristine structure. Although the guidelines for overcoming the grand challenge are still unclear.
This work, implementing a first-principles study based on density functional theory (DFT) by the
full-potential linearized augmented plane wave method (FLAPW) [6], examines the Fe/MgO interface
modification using nitride and fluoride compounds on the PMA and VCMA. The fluoride and nitride, those
with one more or one less electron compared to the oxides at the periodic table. The pristine Fe/MgO is
modelled by considering 10 atomic monolayers (ML) of Fe (001) and 5 ML of MgO (001). We consider the
interface modification model by substituting one ML of MgO at the interface with the MX, namely, the Fe
(10 ML)YMX (1 ML)/MgO (4 ML) model. The MXs from the nitride group are MgN, BN, AIN, GaN, InN,
ScN, and TiN, and from the fluoride group are MgF, LIF, and NaF. The results for PMA and VCMA for the
pristine Fe/MgO model are 0.1755 meV and 32.3 ¢ fJ/Vm respectively. Here ¢ is the dielectric constant of
the insulator. From the nitride group, MgN and BN modifications model, and LiF from the fluoride group
show significantly improved PMA, by approximately 413.2%, 296.8% and 314.5% compared to that on the
pristine Fe/MgO model. As for the VCMA, only the AIN modification model is enhanced from the pristine
Fe/MgO, by 139.9%. Detailed insight into the origin of nitride and fluoride compound modifications at the
Fe/MgO interface on the PMA and VCMA will be presented.

[1] Wang. K.L, et. al., J. Phys. D: Appl. Phys., 46 (2013), 074003.
[2] Shao. Y. and Amiri. K., Adv. Mater. Technol., 8 (2023), 2300676.

[4] T. Nozaki, et al., Appl. Phys. Lett. 121, 172401 (2022)

]
]
[3] R. Shimabukuro, et al., Phys. E: Low Dimens. Syst. Nanostructures 42, 1014 (2010).
]
[5] T. Nozaki, et al., APL Mater. 6, 026101 (2018)

]

[6] K. Nakamura, et al., Phys. Rev. B 67, 014420 (2003).
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Giant Enhancement of the Anomalous Nernst Coefficient in Co:1—Ptx Thin Films

Toyota Technological Institute, Nagoya, Japan.

ﬁ@ °Mojtaba Mohammadi, Satoshi Sumi, Hiroyuki Awano, Kenji Tanabe
ﬁé;ﬁ@- °E-mail: mojtaba_mohammadi@toyota-ti.ac.jp

In recent years, the anomalous Nernst effect (ANE) has attracted significant attention due to its potential
applications in energy harvesting and heat flux sensing [1,2]. The unique transverse geometry of ANE
offers distinct advantages over the conventional longitudinal Seebeck effect in converting waste heat into
electricity. Despite these advantages, the exploration of materials that exhibit large ANE remains limited. In
this study, we focus on the thermoelectric properties of CoiPtc thin films with a thickness of 20 nm,
systematically varying the Pt content from 0 to 95 at.%. The films were deposited on quartz glass substrates.
Through comprehensive measurements, we characterized the electrical and thermoelectric properties of
these samples, including resistivity (pxx), Seebeck coefficient (Sse), Hall resistivity (pyx), and the anomalous
Nernst coefficient (Sane). Based on thermoelectric transport theories, Sane can be expressed as Sane =

ayxPxx T OxxPyx, Where oxx and ayx represent the longitudinal and transverse thermoelectric constants,

respectively. The terms oyxpxx and  oxxPyx

correspond to S1 and S2, respectively, with S1 33 -
being an intrinsic mechanism where the } :2;
transverse electric current is generated directly g * i ataa A

from the temperature gradient, independent of i: 1.: | *

the Seebeck effect. Our results showed a VZ 1 . .

systematic increase in Sane with increasing Pt & 0| o ; Lk HEwg | *

content, reaching a peak at around x=50% before . % : " g
experiencing a decline at higher concentrations. ¢ ;‘: m:zmtf;ﬁnnﬁl';] 08 %01

Notably, the Sane magnitude exhibited a

o ) . Figure 1. Anomalous Nernst coefficient (Sane)
significant enhancement, increasing from 0.33

measurements for the Coi-Pt, samples where x ranges

MV/K for the Pt-free sample (x=0) to around 3.2
MV/K at x=50%. Figure 1 shows Sang, S1, and S2 as a function of the Co-Pt composition. Our findings
indicate that S1 is significantly larger than S2, highlighting the importance of enhancing the transverse
thermoelectric constant ayx and the resistivity pxx in enhancing Sane. Our calculations showed that the
magnitude of ayx is significantly enhanced with increasing Pt content up to 50%. It is notable that a
previous theoretical calculation study suggested that a large ayx could be achieved in L1,-CoPt by adjusting
the electron doping [3].

References: [1] Y. Sakuraba, et.al, Applied Physics Express, 2013, 6, 033003. [2] M. Odagiri, et.al, Scientific
Reports, 2024, 14, 17205. [3] R. Toyama, et.al, Journal of Physics D: Applied Physics, 2024, 57, 405001.
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T7EIL I 7R Gd-Co-Pt BEIZCEITHEERILUR MR
Anomalous Nernst effect in amorphous Gd-Co-Pt films
ERITEXRE, OM2)/MRAFE, M.Mohammadi, §HEA, EFHiEz HIETL
Toyota Technological Institute., °T. Koizumi, M. Mohammadi, H. Imaeda, H. Awano and K. Tanabe
E-mail: sd24425@toyota-ti.ac.jp

PR, B~ 2 — U A v MEROBERENTOBLEN D RE XL X MR (ANE) (S < Bt
YHPMERSNTND([1], ANEDRE SICHTLBIETH D, BERNV A MR (S4ne) 1TRAT
RTZENTED,

Sane = AyxPxx (= 51) + Aax Py (= S2)

T I T, ay [IREENELREL, pr [ FHEET IR ap (THEEMRE R p) (TR —RIIRTH D, ), [T
EEIZHES< Berry BRI K o TE LR T 2 Z E RO SN TLSKE, ANE 136k~ 7okl Sk
AR TR BFFE ST X 72, T4, Fujiwara 5137 E/V 7 7 A4 2 £FO Fe-Sn #EIZ 350 TR E 72 Berry
MROEGEZFEIEL, “TENLT 7 A- bR DI VREEER" OF[REMEZ R/ L TWA[2], & btk
X, 7TENLT 7 A Gd-Co IZBWVWT, KERSpyBLU, RWEVRER, ZLTEO/RTHL KX 7
ANE BB U OEE A FEB TEDHZ L 2R LTEE[3], 2D L) it kbi=T /L7 7 A
BHEX, — A Berry NP a2 ZEDRTRIND OO, K&/ ANE 2 AL T REEERH U |
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DFER. Gd-Co-PtIEDSyyp. BUREHR | @, (39T Gd OEINEVED Lz, Zhid, Gd F—712
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Fig. 1 Composition dependence of S,,;, S1, S> Fig. 2 Composition dependence of a,,

[1] W. Zhou et al., Applied Physics Express 13, 043001(2020).
[2] K. Fujiwara et al., Nature Communications 14, 3399 (2023).

[3] M. Odagiri et al., Scientific Reports 14, 17205 (2024).
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[1] M. Mizuguchi et al., Sci. Tech. Adv. Mater. 20, 262 (2019). [2] W. Zhou et al., Appl. Phys. Lett. 13, 043001
(2020). [3] R. Ando et al., J. Electron. Mater. 45, 3570 (2016). [4] M. Odagiri et al., Appl. Phys. Lett. 124, 142403
(2024). [5]R. Ando et al., J. App. Phys. 135, 093906 (2024). [6] K. Fujiwara et al., Nat. Cummun. 14, 3399 (2023).
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Large anomalous Nernst conductivity in Pt2CoNi permanent magnet films with high
in-plane and out-of-plane coercivities
NIMS ', GSFS, U Tokyo
°Rajkumar Modak'?, Hossein Sepehri-Amin’, Yuya Sakuraba',Weinan Zhou', Ken-ichi Uchida'”

E-mail: rmodak@edu.k.u-tokyo.ac.jp

The anomalous Nernst effect (ANE) has recently attracted significant interest for its ability to
generate a transverse electric field, enabling the development of advanced thermoelectric devices with
simplified structures, such as ANE thermopiles and heat flux sensors [1, 2]. However, most promising
materials exhibit weak magnetic anisotropy and small coercivity, necessitating external magnetic fields,
which can be impractical for device applications. This highlights the critical need for permanent
magnet materials with excellent ANE properties. While recently explored ferromagnet (FM)-Pt-based
alloys can exhibit either large coercivity or ANE [3, 4], achieving both simultaneously remains a
challenge. To address these challenges, we explore the PtoCoNi alloy, which shows significant promise
due to a combination of factors: its FM-Pt-type composition, which suggests the potential for large
coercivity [3], and theoretical predictions of large anomalous Nernst (a.,) and Hall conductivities—key
factors for achieving a large anomalous Nernst thermopower (Sang) [5].

In this study, we evaluated the PtCoNi alloy film for its transverse thermoelectric conversion
properties and magnetization behavior. For this evaluation, 50-nm-thick single-crystalline Pt;CoNi
films were deposited on MgO substrates using magnetron sputtering. Direct measurement of the
ANE-induced electric field for both in-plane and out-of-plane magnetization configurations revealed a
square-type hysteresis loop with a coercive field greater than 1 T. The film exhibited a large
room-temperature Sang of ~1.8 #VK'!, which is significantly higher than those of Co, Ni, Co-Pt, and
Ni-Pt alloys. Furthermore, both the coercivity and Sane for present PtCoNi film are substantially
greater than those recently reported for Sm-Co-based thermoelectric permanent magnet films [6].
Detailed analysis reveals that the major contribution to this large Sane is due to the robust oy, of ~4.1
Am™'K"! for the Pt,CoNi alloy film, a value among the best reported at room temperature for Heusler
alloys and permanent magnet films. Furthermore, through systematic evaluation using
composition-gradient Pt;.x.,Co1+Nii+, films, we identified a wide range of compositions with excellent
ANE properties and coercivity behavior. This systematic study reveals Pty.,.,Co1+Nii+, alloys as highly
promising thermoelectric permanent magnets, offering an exceptional balance of Sangk, coercivity, and
remanence, making them suitable for applications like heat-flux sensing. This study will significantly
contribute to advancing efficient and sustainable ANE-based thermoelectric technologies.
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Co:MnGa, a well-known nodal line semimetal with a Heusler L2: structure, exhibits both a giant
anomalous Hall effect (AHE) and a significant anomalous Nernst effect (ANE). However, the theoretically
studies predict that maximum positive value of anomalous Nernst conductivity (@, ) appears at an energy
slightly above the Fermi level. Therefore tuning the Fermi level via electron doping can be a promising
strategy to increase the ANE in CooMnGa [1]. Substitution of Co with Ni is a suitable approach for electron
doping while keeping the L2-ordered structure as Ni-MnGa is also known to form a well-ordered L2
structure. The purpose of this study is to investigate the effect of Ni substitution at the Co-site in CooMnGa
on the ANE.

To systematically investigate the Co:Ni composition ratio dependence on « we fabricated a

Xy »
composition-spread epitaxial thin film of (Co1—xNix)2MnGa, which allows for a range of Ni concentrations
within a single film (0 < x < 1). We measured the anomalous Hall resistivity (p,,), anomalous Nernst
thermopower ( Sang) Seebeck

thermopower ( Ssg), and longitudinal

resistivity ( py, ) across the composition < 10

range to accurately evaluate a,, from Syng £

. Contrary to the theoretical prediction, we =~ 04

2

observed neither the enhancement in

0.0

SaNE NOT in @y, Instead, both continuously 00 02 04 06 08 T T=0.2 0.0 0.2
Ni-Concentartion () € — er (eV)

decrease with increasing Ni concentration.
To confirm the shift in Fermi energy we measured the anisotropic magnetoresistance (AMR) for various Ni

concentrations. The change of AMR ratio Figure 1 (a) Ni concentration dependence of experimental axy in
(Co1-xNix)2MnGa varying Ni concentration. (b) Theoretically calculated axy

from large negative t iti
0 ge neg ¢ fo positive values for different U at Co site for CooMnGa.

suggests the shifting of Fermi energy.

Further to confirm preferred occupation of Ni atoms intended to Co sites, we performed anomalous X-ray
diffraction measurements and compared them with theoretical simulations. The quantitative agreement
between experiment and simulation confirms that Ni atoms are indeed substituting at the Co sites, as
expected. Finally, we recalculated a,,, for Coo.MnGa by incorporating on-site Coulomb interaction (U) at
the Co site in the first-principles calculation, as the presence or absence of Uc, can significantly impact
anomalous transverse transport properties [2]. We found that the calculated a,, show closer agreement with
the experimental data for a specific value of Uc, (see Fig. 1(b)). This result highlights the importance of
including on-site Coulomb interaction at the Co site to accurately reproduce the experimentally observed

Ay
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Heat flux sensors (HFSs) detect the flow of heat and are anticipated to become a key component
technology for next-generation thermal management systems. In particular, recently, HFSs utilizing the
anomalous Nernst effect (ANE) have attracted significant attention[1]. The sensitivity of the ANE-HFSs is
evaluated as the ratio of the generated ANE electric field to the heat flux density Eang/ jgerp, which is
proportional to the ANE thermopower Spyg and inversely proportional to the thermal conductivity.
Recently reported amorphous Fe-Sn films have the potential to be an optimal material with low thermal
conductivity and Berry curvature that produces large Sang[2]. In this study, we investigated the composition
and thickness dependence of ANE in amorphous Fe-Sn films to improve the sensitivity.

We fabricated Si-O(15 nm)/amo. Fe,Sn;.«(d) films on glass substrates at room temperature by using a
magnetron sputtering system. Amorphous Fe-Sn films were deposited by co-sputtering. The composition and
thickness of the Fe-Sn films are x = 0.5 — 0.84 and 3.3-170 nm, respectively. The sensitivity of ANE-HFSs
was measured by applying the heat flux in the out-of-plane direction and the magnetic field in the in-plane
direction (Fig. (a)). By investigating the composition dependence of sensitivity, we found that at x = 0.74,
an exceptionally high sensitivity of +0.37 pm/A was achieved (Fig. (b)). This value is much larger than the
reported values (Fig. (c)). This may be attributed to the low thermal conductivity of the amorphous phase and
the presence of kagome-lattice fragments of Fe;Sn, which produces a large Berry curvature. We confirmed
by Mossbauer spectroscopy that about 30% of Fe in the Feo.74Sng 26 film is incorporated into kagome-lattice

FesSn structure. This study shows the importance of amorphous materials in spin caloritronics.
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Figure: (a) Schematic illustrations of measurement setup. (b) Composition dependence of sensitivity in amorphous
Fe-Sn films. (¢) Summary of sensitivity of ANE-HFSs.
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Recent studies on 3d-transition-metal-based kagome-lattice materials have discovered rich emergent
phenomena resulting from interactions between magnetism, nontrivial topological band structure, and
electronic correlation [1]. Especially, Co-kagome materials such as CoSn [2] and Co3Sn»S; [3] are typical
examples exhibiting flat-band-induced anisotropic charge transport and Weyl-point-mediated large
anomalous Hall conductivity, respectively. In this study, we report on a Co-kagome ferrimagnet CosMo
films with perpendicular magnetic anisotropy (PMA) at room temperature.

We fabricated CosMo thin films on ALO; (0001) substrates by magnetron sputtering. The crystal
structure of the films was characterized as D019 structure by out-of-plane and in-plane x-ray diffractions.
The electronic band structure of CosMo was investigated by ab initio calculation, which reveals that the
large density of states near Fermi level derived from flat band coming from Co-kagome lattice at
paramagnetic condition. In addition, the ferrimagnetic state with PMA is preferable owing to large gain of
exchange-splitting. We experimentally elucidated the magnetic properties of CosMo films using vibrating
sample magnetometer (VSM) and magnetic properties measurement system (MPMS). Judging from these
experimental results, the perpendicular magnetic anisotropy was obtained in ferrimagnetic state. The Curie
temperature of the film was estimated to be about 440 K. Since the magnetization value was consistent to
the theoretically-estimated one, we conclude that anti-parallel alignment between Co and Mo moment is
stabilized. This CosMo film is an interesting platform to reveal flat-band physics by further physical

measurements and to be applied for magnetic devices with PMA.

[1]J-X. Yin et al., Nature 612, 647 (2022). [2] H. Huang ef al., Phys. Rev. Lett. 128, 096601 (2022). [3] E.
Liu et al., Nature Phys. 14, 1125 (2018).
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Preparation of Mn2PtSn thin films and characterization of their
structure/magnetic/transport properties
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Skyrmion, a topological spin texture, holds promise for applications such as information storage
owing to its topological stability and low currents required for its manipulation ['l. The skyrmion Hall effect
(231 a transverse motion relative to the driving force, remains a critical obstacle to device implementation.
An antiskyrmion, a topological antiparticle of the skyrmion, can be a solution, as its Hall angle can be zero
due to its distinct domain wall chirality . Up to now, antiskyrmion has been observed in bulk Heusler
compounds such as Mnj 4PtooPdo.1Sn and Mn; 4PtSn on the [001] crystallographic orientation above room
temperature B, In contrast, (001)-oriented thin films of such Heusler family that can host the antiskyrmion
have not yet been realized. Here, we report the successful epitaxial growth of (001)-orientated Mn,PtSn
thin films by tailoring buffer layers. We also investigate their magnetic and transport properties, which are
different from those of well-studied (110)-oriented Mn,PtSn [©],

We deposit two stacks of MnoPtSn on MgO (001) single-crystal substrates using DC/RF magnetron
sputtering; one is directly grown on the substrate, resulting in (110)-orientation [, while the other has
specific buffer layers to promote the (001)-oriented epitaxial growth. As shown in Fig. 1, magnetization
measurements suggest a perpendicular magnetic easy axis with a possible formation of a perpendicular
multi-domain state at room temperature for the latter stack. In the presentation, we will discuss the
correlation between magnetic/transport properties and crystalline orientation of these Mn,PtSn thin films.

This work is partly supported by JSPS Kakenhi, JST-ASPIRE, and MEXT X-NICS.
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Fig. 1: Magnetization measurements for (a) (110)-oriented and (b) (001)-oriented Mn2PtSn.

References

[1] A. Fert. ef al., Nat. Nanotechnol. 8, 152 (2013). [2] W. Jiang. et al., Nat. phys. 13, 162-169 (2017).
[3] K. Litzius. et al., Nat. Phys. 13, 170-175 (2017). [4] S. Huang. et al., Phys. Rev. B. 96, 144412 (2017).
[5]A. K. Nayak. et al., Nat. 548, 561 (2017). [6] S. Sugimoto. et al., Appl. Phys. Express. 14, 103003 (2021).

© 2025%F [CRAYEER 10-075 10.1



8a-N304-9 BIOEGAMELAKS LB RS BEFHE (2025 BHAZ KREF+Y /(R &F51Y)
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[Introduction] Ferrimagnetic MnsN films with antiperovskite structure (Fig. 1) have attracted attention as a

candidate for magnetic switching devices because of their small magnetization and perpendicular magnetic
anisotropy. Previously, we discovered a magnetic compensation (MC) composition by incorporating Ni", which
enabled ultra-fast current-induced domain motion®. In another study, we successfully grew Mns ,Ga,N thin films
as a potential MC material. However, due to the distinct XMCD spectral features differing from those of known
MC materials®, it was difficult to confirm the presence of MC composition. In this work, we deposited Mns—.Ga,N
films and bilayers with MnsN to re-evaluate the magnetic properties and the existence of the MC composition.
[Experiment] 20-nm-thick Mny—Ga,N (x = 0, 0.6) films and Mn34GagsN (10 nm)/MnsN (10 nm) bilayer were
formed on SrTiO3(001), and XMCD measurements were conducted at Mn-L, 3 edges at BL-16A of KEK-PF.
[Result] Fig. 2 (a) and (b) show the XMCD spectra of the Mn-L; 3 edges in Mns-.Ga,N films. Peaks a and 3 are
mainly attributed to corner and face-centered Mn atoms, respectively. ¥ We confirmed a magnetic field dependence
of magnetic structure by comparing the spectra. At 0 T, they showed completely sign-reversed spectra indicative
of the MC between x = 0.0 and x = 0.6. These results were consistent with the reports by L. Prendevillel et al.”.
On the other hand, the shape of the spectra at 5 T changed with the composition, suggesting a change in the
magnetic structure of Mn34GagsN with the field. This behavior was the same as our previous experiments.
Therefore, we concluded that the Mny-Ga,N film has an MC composition at RT, and the magnetic structure of
Mns 4Gag 6N should be canted by a large field. Fig. 3 (a) illustrates the structure of the bilayer, and Fig. 3 (b) shows
the corresponding XMCD spectra at the Mn-L, 3 edge. The magnetic field dependence was also observed in the
bilayer. Furthermore, we identified the presence of antiferromagnetic coupling by comparing the XMCD spectra
of Mn34GagsN and the bilayer at 0 T. We conclude that this antiferromagnetic coupling originates from the

magnetization sign reversal associated with MC and exchange interaction between the layers.
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Fig.1. Magnetic Fig.2. XMCD spectra at the Mn L;; edge of Fig.3. (a) Magnetic structure and (b) XMCD
Structure of MngyN films Mng_,Ga,N films at (a) £5T and (b) £0T spectra at the Mn L, ; edge of the bilayer

[Reference] 1) T. Komori et al., J. Appl. Phys. 127, 043903 (2020); 2) S. Ghosh et al., Nano Lett. 21(6), 2580 (2021); 3) A.
Hatate ef al., J. Magn. Magn. Mater. 597, 171973 (2024); 4) K. Ito et al., Phys. Rev. B 101, 104401 (2020). L. Prendevillel
et al., J. Phys. D: Appl. Phys. 57 355005 (2024).
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Ferrimagnetic MnsN thin film with an anti-perovskite structure exhibits a small magnetization (M = 80 kA m™!) and
perpendicular magnetic anisotropy (K, = 0.1 MJ m3)," characteristics that enable high-speed domain wall motion
driven by spin transfer torque.? Therefore, we have focused on MnsN for high-speed magnetization control using spin
torques. In this study, Mn4N films on a heavy metal underlayer are prepared. We selected Pt as an underlayer because it
is a proven source of spin injection® and has a low lattice mismatch of —0.8% with MnsN. The bilayer structure enables
us to control the magnetization of Mn4N with spin-orbit torques in spin oscillating or switching devices. However in a
previous study,¥ MnsN/Pt/MgO(001) showed large surface roughness that was inherited from the Pt underlayer. Thus,
we used Pt/Fe underlayer to obtain flat surface in this work. In addition, we evaluated the properties depending on the
substrate temperature during MngN deposition.

20-nm-thick Mn4N films were deposited on Pt(4.5 nm)/Fe(0.5nm)/SrTiO3(001) at temperatures Tnan = 250-450°C

using molecular beam epitaxy with radio-frequency nitrogen plasma. The crystallinity and surface roughness of these
films were evaluated by X-ray diffraction (out-of-plane XRD) and atomic force microscopy (AFM), respectively.
Additionally, we conducted anomalous Hall effect (AHE), X-ray absorption spectroscopy (XAS) and X-ray magnetic
circular dichroism (XMCD) measurements to examine the magnetic properties of the thin film.
Fig. 1(a) shows the out-of-plane XRD profiles. Diffraction peaks of Pt and Mn4N oriented perpendicular to the surface
were observed. In addition, streak patterns were confirmed in the reflection high-energy electron diffraction images.
These results indicate the epitaxial growth was successfully achieved. Additionally, AFM measurements showed a
root-mean-square surface roughness below 0.3 nm for all films, confirming smooth surfaces comparable to previous
studies on MnsN/STO(001).? Fig. 1(b) presents the results of AHE measurements at room temperature, showing the
summed signal with a positive contribution from the Fe underlayer and a negative contribution from Mn4N. Notably, for
samples formed at Tavman> 350°C, a strong MnsN-derived signal was observed. Furthermore, Fig. 1(c) shows the results
of XAS and XMCD, with the profiles normalized by XAS at the L3 absorption edge. The XAS and XMCD profiles
showed no significant differences among samples, with clear positive and negative peaks in the XMCD at the L3 edge,
attributable to the ferrimagnetism of MnsN. These results suggest high-quality MnyN layers can be formed at Tvman>
350°C. We will also discuss atomic diffusion across the interface and other magnetic properties in our presentation.

References
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3) T. Yasuda et al., AIP Adv. 13, 105219 (2023). 4) H. Bai ef al., Adv. Electron. Mater. 8 (3) 2100772 (2022).
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Figure 1. (a) Out-of-plane XRD profiles and (b) AHE profiles of MnsN/Pt/Fe/STO and Pt/Fe/STO samples. (c) XAS
and XMCD spectra of MnyN fabricated on Pt/Fe/STO with Twan = 450°C and 350°C.
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Enhanced field-free current-induced magnetization switching efficiency by two-
dimensional metastable MXene
Prabhat Kumar !, Hitoshi Abe 2, and Shinji Isogami !
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Magnetic memory devices using two-dimensional (2D) materials as spin current channel layers have been
proposed in recent years). However, large-area synthesis remains a bottleneck, making practical
implementation difficult. In contrast, we have successfully synthesized a large-area film of a novel 2D
material discovered in 2011, that is, chromium nitride (Cr.N) MXene (M,+1X,Ty) ¥, by sputtering, and
demonstrated field-free magnetization switching in a magnetic memory device ¥. In transition metal
compounds, the influence of light 2p elements has been reported to enhance anomalous Hall conductivity
and modulate spin structures as observed in magnetic materials with inverse perovskite structures®. A similar
mechanism is considered to contribute to our results. In this study, we aimed to enhance the spin-orbit torque
and achieve field-free magnetization reversal by intentionally introducing nitrogen atoms into
nonequilibrium metastable sites in Cr.N-MXene, thereby breaking local spatial symmetry.

We fabricated a multilayer stacking: C-plane Al,Oj3 substrate // Cr2N(5) / [Co(0.35) / Pt(0.3)]x3 /
MgO(3) (thickness unit in nm), using a magnetron sputtering system. The Cr.N-MXene layer was deposited
at 500 °C, with N: partial pressure (N2/(Ar+N2)) ranging from 0 to 15% (Fig. 1(a, b)). To investigate the local
structure with varying nitrogen content, X-ray absorption fine structure (XAFS) measurements were
performed using beamline BLO7C at KEK-PF.

Figure 1(c) shows the XAFS spectra at the Cr K-edge. Clear differences in the absorption shape and
edge intensity suggest significant variations in local atomic structure. Figure 1(d) presents the magnetization
reversal efficiency under zero field, quantified as the amplitude ratio of current-induced switching relative to
fully saturated magnetization. As the nitrogen composition increases, a clear enhancement in reversal
efficiency is observed, implying that nitrogen atoms at nonequilibrium metastable sites play a crucial role in

facilitating magnetization switching.
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Fig. 1 (a) Crystal structure of Cr.N MXene with (b) (1-100) plane view which includes illustration of stable (green circle)
and metastable (black circle) interstitials sites. (c) The x-ray absorption spectra at the Cr K-edge. (d) Variation of field-free
magnetization switching % which is defined as switching amplitude/amplitude of AHE against the N2 partial pressure.

References: 1) Yang et al., Nature 2022, 606, 663. 2) Naguib et al., Adv. Mater. 2011, 23, 4248. 3) Ahn et al., Adv. Mater.
2020, 32, 2000919. 4) Kumar et al., Small 2025, 2500626. 5) Isogami et al., Adv. Electron. Mater. 2023, 9, 2200515
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Orbital Torque and Field-Free Magnetization Switching in a Light-Element-Based SOT
Device
Gaurav K. Shukla and Shinji Isogami
National Institute for Materials Science (NIMS), Tsukuba 305-0047, Japan

Orbital torque arising from the orbital Hall effect (OHE) has recently garnered significant attention for its
potential in next-generation orbitronic devices [1,2]. While heavy metals are commonly employed in spin-orbit
torque (SOT) devices [3], their scarcity and environmental impact necessitate the development of SOT devices
based on light metals. Recent theoretical and experimental studies suggest that the OHE in light metals can
generate a significant orbital current even in the absence of strong spin-orbit coupling (SOC) [4], which, upon
entering a ferromagnet, is converted into a spin current. To date, the OHE has been experimentally verified in
only three systems: Cr [2], Ti[5], and Zr [6]. Another major challenge in SOT devices is achieving deterministic
magnetization switching without an external in-plane magnetic field, field-free switching (FFS) [7], which is
demonstrated using low-symmetry materials, asymmetric structures, oblique deposition, and other techniques
[8]. In this study, we aim to fabricate light-element-based SOT-devices for energy-efficient magnetization
switching by harnessing orbital torque, while also achieving FFS.

Recently, an SOT device with the 2D-MXene of CroN was discovered and exhibits FFS, which is
associated with the OHE identified by the intrinsic band structures as the primary mechanism [9]. These results
suggest that 2D layered materials have a great impact on the FFS due to OHE. Inspired by this discovery, we
investigate the FFS for a VN-based SOT-device, Al,O3 substrate // VN(5) / [Co(0.35) / Pt(0.3)]3 / MgO(3) (in
nm), aiming to harness the OHE from VN. Here, the VN layer has (111) orientation of face-centered cubic
structure, where the V and N atomic layers are alternately stacked similar to the layered structure of 2D-MXene.
Figure 1(a) shows the magnetization switching under different in-plane magnetic fields. Full switching was
observed with in-plane field, while FFS was also observed, suggesting the high switching efficiency. The analysis
of second harmonic Hall data for three different ferromagnetic layers on [Co(0.35) / Pt(0.3)]s, CoFeB(1.5), and
Py(4) (Fig. 1(b)) suggests that the [Co/Pt]; device exhibits a damping-like torque efficiency, which is twice that
of CoFeB. Notably, the second harmonic Hall signal for the Py device does not exhibit damping-like behavior,
due to its negligible orbital-to-spin conversion efficiency. FFS is also observed in the studied device, which is
attributed to broken mirror symmetry at the interface arising from the existence of small in-plane magnetic

anisotropy.
) Fig.1. (a) Current-induced magnetization
@ 0.004 . : E:;[Ccooézga '.°'. switching in the multilayer stack of AlO;
-300 09 = % e VNPy Py substrate//VN(5)/[Co(0.35)/Pt(0.3)]5/MgO(3)
— G 0.002 '.. J (in nm) under zero, 300 Oe and -300 Oe of in-
<} \ & b - . plane  external magnetic fields. (b)
- > v .

o \\ @0 Oe \‘ o 0.000F e " N"{: Dependence of the second harmonic Hall
I“Q =N j Y J resistance Ry”® on the in-plane angle ¢
& - - -0.002 % o [=3mA between the magnetic field and current
Fero field bl direction  for  [Co(0.35nm)/Pt(0.3nm)]3,
-30 -20 -10 0 10 20 30 ~50 0 50 100 150 200 250 300 350 400 (CoFeB (1.5nm), and Permalloy (Py, 4 nm)

J (MA/cm?) ¢ (deg.) ferromagnetic layers.
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(001)-textured Co:Feo.4Mny.¢Si full-Heusler alloy electrodes formed by

solid-phase epitaxy in MgO-based magnetic tunnel junctions
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Co-based full-Heusler alloys, such as Coz(Fe,Mn)Si (CFMS), are promising spintronic materials due
to their predicted half-metallicity and coherent tunneling compatibility with MgO barriers, as demonstrated
by a 429% TMR at room temperature in fully epitaxial CFMS/MgO/CFMS MTIJs [1]. While most studies
have focused on single-crystalline MTJs, we aim to fabricate CFMS-based MTJs on Si/SiO: substrates
using polycrystalline films for practical applications. Following the solid-phase epitaxy approach
established in CoFeB/MgO systems [2], we applied a similar method to a CFMS/MgO system and
investigated the resulting TMR effect.

All samples were prepared by ultra-high vacuum DC magnetron sputtering. MTJ stacks were
fabricated with the following structure: Si/SiO: subs./bottom electrode/ TaB (5 nm)/CozFeosMngsSi (3
nm)/MgO/CoFeB-based pinned layer/capping layer. Post-deposition annealing was performed at
300-425 °C under a magnetic field of 1 T using an in-field annealing furnace. Microstructural analysis was
performed by scanning transmission electron microscopy (STEM). TMR properties were measured by DC
four-probe method after microfabrication.

Figure 1 shows bright-filed STEM images of the MTJ stacks. In the as-deposited state, both CoFeB
and CFMS layers adjacent to the MgO barrier appear amorphous. After annealing at 400 °C, both layers
exhibit lattice fringes, indicating crystallization via solid-phase epitaxy from the MgO(001) interface.
Figure 2 presents a TMR curve of a microfabricated MTJ annealed at 400 °C. A TMR ratio of ~154% was
obtained, suggesting that the crystallized CFMS layer supports coherent tunneling through the MgO
barrier. These results confirm that solid-phase epitaxy enables the crystallization of (001)-textured CFMS in
polycrystalline MgO-based MTJs. Further details on the crystalline structure and the TMR properties as a
function of annealing temperature will be discussed at the conference.

This work was supported by SIP project, BRIDGE project, SCOPE project, NEDO leading project,
CSIS, CIES, the AIE-WISE Program, and MEXT Initiative to Establish Next-generation Novel Integrated
Circuits Centers (X-nics) Grant Number JPJ011438.

[1] H. Liu et al., J. Phys. D: Appl. Phys. 48, 164001 (2015).
[2] D. D. Djayaprawira et al., Appl. Phys. Lett. 86, 092502 (2005).
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Figure 1. Bright-field STEM images of MTJ Figure 2. TMR curve of microfabricated MTJ
stacks (a) before and (b) after post-annealing annealed at 400 °C.
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Reducing critical current for spin-transfer-torque-induced magnetization reversal in CPP-GMR
devices: effect of low damping and enhanced spin scattering asymmetry in Co2FeGao.sGeo.s Heusler alloy
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E-mail: BARWAL.Vineet@nims.go.jp

Spin-transfer torque (STT) in magnetoresistive
devices has enabled key applications such as STT-
magnetoresistive random access memory, spin torque
oscillators, and energy-assisted magnetic recording'. In
device structures, where a free layer (FL) magnetization
is manipulated by spin injection from a spin injection
layer (SIL), the critical current density required for
operation is directly proportional to the damping constant
of FL and inversely proportional to the STT efficiency,
which depends on the spin polarization of the materials®.
We investigated the effect of low Gilbert damping (o)
and high spin polarization (P) of CoxFeGaosGeos
(CFGG) Heusler alloy on the operation current required
for STT-induced magnetization reversal in current
perpendicular-to-plane giant magnetoresistance (CPP-
GMR) devices.
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FIG. (a) Three types of CPP-GMR stack configurations.
Arrows indicates the position and temperature of the in-situ
annealing. (b) Distribution of MR ratio in the CPP-GMR
devices. (¢) Critical current (I.) required for magnetization
reversal of the FL against the perpendicular magnetic field
at uoH.=2.4 T versus MR ratios.

Three types of epitaxial GMR stacks, as shown in the
Fig. (a), were fabricated on MgO (001) substrates. Type-
I consists of CFGG-SIL and NigoFeao- (Py-) FL. Type-II
utilizes CFGG-FL with lower o than Py. Type-III utilizes
CoFe/CFGG bilayer-SIL with enhanced interfacial spin
scattering asymmetry?. Arrows represent the position and
temperature of in-situ annealing. The CPP-GMR device
were fabricated from these stacks and systematically
analyzed through magnetoresistance (MR) and STT
measurements. In the STT measurement, both SIL and
FL were first aligned to the perpendicular direction by a
strong perpendicular field, and then the FL

magnetization was reversed against the field by applying
a bias current. The current value corresponding to the FL
magnetization reversal was defined as critical current (I.).
The details of the measurement method can be found in
Ref.[4]*

Figure (b) shows the MR ratio distribution for the
devices. In comparison between Type-1 and Il devices,
the average MR ratio is higher in Type-II because CFGG
has high P and the good electronic band matching with
the Ag spacer>S. The distribution of MR ratios is broader
in  Type-ll due to device-to-device quality
inhomogeneities in the two CFGG layers. In type-III
devices, MR ratio increases with annealing temperature
up to 450°C, where the MR property was similar to that
of Type-I samples. Figure (c) shows I. at a
perpendicular field of 2.4 T plotted against the MR ratios.
Type-I devices show clear correlation between MR ratio
and I, because MR ratio and STT efficiency both depend
on the quality of CFGG layer. Type-II devices achieved
a large reduction in I., as compared Type-I devices
owing to very low a of CFGG, demonstrating its
advantage as a FL material. However, scattering in I,
was large, as discussed later. Type-Ill device (7, =
450°C) employing CoFe/CFGG-SIL exhibited the
lowest I, indicating enhanced STT efficiency by spin
scattering asymmetry at the CoFe/CFGG interface.
Moreover, the device-to-device distribution in I. was
smaller in Type-III devices. This suppression in the I,
distribution is interesting considering that the MR ratio
distribution is similarly broad in both Type-II and III
devices, and one possible reason is that the magnetization
of the CoFe/CFGG-SIL is stable against counter spin
injection from the CFGG-FL because CoFe has high
saturation magnetization and higher a than CFGG. These
findings highlight the potential of CFGG Heusler alloy
and CoFe/CFGG bilayer structures as key components
for the development of efficient and stable STT-based
spintronic devices.
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Low-Temperature Characterization of the Circular Complex Permeability in

Single-Crystal YIG
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The development of superconducting quantum devices has increased demand for cryogenic non-reciprocal
microwave components such as circulators. In the development of such components, it is crucial to evaluate
the temperature dependence of ferrite magnetic properties. However, evaluating ferrite materials at cryogenic
temperatures remains challenging without specialized measurement systems.

In this study, we establish a method to characterize ferrite materials down to 2 K without requiring device
fabrication. We select single-crystal YIG for this study because of its intrinsically low loss and the absence
of magnetization compensation even at cryogenic temperatures. By employing a circularly polarized TE11n
cavity mode, we selectively excite a circularly polarized mode, which allows us to evaluate the circular
complex permeability of YIG and extract key magnetic parameters such as saturation magnetization and
damping constant [1,2]. This approach offers a powerful tool for evaluating ferrite materials under cryogenic

conditions and contributes to the development of cryogenic circulators and isolators.

This work was supported by New Energy and Industrial Technology Development Organization of Japan
(NEDO) Grant (No. JPNP14004), Cross-ministerial Strategic Innovation Promotion Program (SIP),
“Promoting Application of Advanced Quantum Technologies to Social Challenges” and JSPS
KAKENHI24K 22964 and 24K21737.

[1] T. Arakawa et al., Rev. Sci. Instrum. 90, 084707 (2019)
[2] J. Igarashi et al., arXiv:2504.07381
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Modulation of antiferromagnetic domain structure of epitaxial NiO(001) films by
inserting Pt underlayer
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Antiferromagnetic materials have attracted growing interest in spintronics due to their features such as
negligible magnetic stray fields and terahertz-scale magnetic resonance [1]. These materials enable efficient
spin injection, propagation, and conversion, making them candidates for next-generation spintronic devices.
NiO is a prototypical antiferromagnetic insulator, and its spin current transmission has been extensively
studied using various transport measurement techniques [2-4]. In many studies, Pt/NiO heterostructures are
widely used as a typical platform because Pt not only serves as a spin current injector via the spin Hall
effect, but also enables the epitaxial growth of NiO on top of it [5-7]. However, the influence of Pt layer
positioning, i.e., whether as an underlayer or overlayer for the NiO layer, on the magnetic structure and spin
current transmission properties of NiO is yet to be understood.

In this study, we investigate how the insertion of Pt layer affects the antiferromagnetic domain structure in
epitaxial NiO(001) films. NiO films were grown on MgO(001) substrates using radio-frequency magnetron
sputtering. For samples with Pt underlayers, an ultrathin Fe seed layer was introduced to facilitate epitaxial
growth. Structural characterization was conducted using reflection high-energy electron diffraction
(RHEED), x-ray diffraction (XRD), and reciprocal space mapping (RSM). The antiferromagnetic domain
structures were visualized via x-ray magnetic linear dichroism-photoemission electron microscopy
(XMLD-PEEM) in BL17SU RIKEN beamline at SPring-8 [8]. The RHEED and XRD patterns showed that
the epitaxial growth of NiO(001) was achieved both with and without the Pt underlayer. The RSM of (113)
reflection revealed that the NiO film without the Pt layer was remarkably strained to the MgO substrate,
whereas the NiO film with the Pt layer was relaxed. XMLD-PEEM images at Ni-L, edge showed distinct
antiferromagnetic domains of NiO with um-scale sizes for without Pt. In contrast, for with Pt, the domain
contrast disappeared, likely due to a reduction in domain size below the spatial resolution of PEEM. These
findings highlight that even in identically oriented epitaxial NiO films, the Pt underlayer induces notable
changes in the antiferromagnetic domain configurations, which may lead to modulation of the spin current
transmission characteristics.

[1] V. Baltz et al., Rev. Mod. Phys. 90, 015005 (2018). [2] H. Wang e al., Phys. Rev. Lett. 113, 097202 (2014). [3] W. Lin et
al., Phys. Rev. Lett. 116, 186601 (2016). [4] Y. Wang et al., Science 366, 1125 (2019). [5] T. Moriyama et al., Appl. Phys.
Lett. 106, 162406 (2015). [6] T. Ikebuchi et al., Appl. Phys. Express 14, 123001(2021). [7] T. Yamazaki et al., Appl. Phys.

Express 16, 083003 (2023). [8] K. Arai ef al., Phys. Rev. B 85, 104418 (2012).
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Electric-field control of magnetic signatures in ferromagnetic Rashba 2DEGs
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The breaking of inversion symmetry at complex oxide
interfaces gives rise to a rich landscape of emergent 100
phenomena, including ferromagnetism and Rashba spin—
orbit coupling (SOC), which entangle spin and momentum
and reshape the electronic band structure?. While the
coexistence of Rashba SOC and ferromagnetism opens up 00 e e
exciting theoretical possibilities, experimental Magnetic field (T) Magnetic field (T)
demonstrations have remained limited.

Here, we explore the magnetotransport behavior of a two-
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dimensional electron gas (2DEG) formed at the interface g 200 24K+ T'-

between EuO and SrTiOs (STO), a system where g of 3 % 3 1
ferromagnetism and interfacial inversion symmetry g ok ] E"” g B
breaking are both present. Using Hall effect measurements i B

and their field derivatives as a diagnostic tool, we uncover Magnetic field (T)
signatures of a gate-tunable anomalous Hall effect (AHE) ysp T
superimposed on the ordinary Hall response. These 2K
features are markedly distinct from those observed in

nonmagnetic 2DEGs such as AlO,/STO, where the Hall —50F NS ok N/
resistance and its derivative can be entirely understood by -5 0 5 -5 0 5
two-band transport models. Magnetic field (T) Magnetic field (T)
Figure 1 compares these two systems. In AlO,/STO, the Hall  gigure 1. Hall resistance and its derivative
resistance shows a nonlinear field dependence with a i  oxide 2DEGs. Top: AIO/STO

Magnetic field (T)

—30 } .

Resistance ()
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derivative that dips near zero field — a characteristic of two-
band conduction in a nonmagnetic system. In contrast, the
EuO/STO sample exhibits a dramatically different behavior
at low temperature: the Hall resistance is also nonlinear but

(nonmagnetic) shows a nearly linear Hall
resistance and a peaked derivative,
consistent with two-band transport.
Bottom: EuO/STO exhibits a nonlinear Hall
signal and a broad U-shaped derivative at

the Hall derivative becomes U-shaped rather than V-
shaped, consistent with the presence of an AHE
superimposed on the ordinary Hall effect. The effect is
absent at 24 K, reflecting the onset of magnetic order in the
2DEG (at 18 K).

These observations confirm the presence of ferromagnetism in the 2DEG and support the
interpretation of the system as a Rashba ferromagnet. Importantly, the AHE is found to be tunable by
gate voltage, not only in magnitude but also in sign — highlighting a possible form of magnetoelectric
coupling where the Berry curvature, rather than the net magnetic moment, is controlled via
electrostatic gating. In parallel, the system displays spontaneous nonreciprocal transport effects® even
in the absence of an external magnetic field, further reinforcing the role of spin—orbit and exchange
interactions in shaping transport. Taken together, these findings establish ferromagnetic oxide 2DEGs
as a robust and tunable platform for exploring the physics of broken time-reversal and inversion
symmetries, and for engineering magnetoelectric functionalities based on Berry-phase physics.

low temperature (2 K), indicating the
emergence of an anomalous Hall
contribution associated with interfacial
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Perpendicular and In-plane Magnetic Anisotropy in Co/h-BN Heterostructure: a First-
principles Calculation
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Magnetic anisotropy (MA) is an essential characteristic of magnetic films for spintronic devices.
Perpendicular MA (PMA) is more suitable for magnetoresistive random access memory (MRAM), while
in-plane MA is better for magnetic field sensor applications. Traditionally, PMA enhancement has relied on
ferromagnet/oxide interfaces, which are based on cubic symmetry, a strategy that has successfully boosted
the stability and performance of magnetic storage systems. However, with the expected shift from three-
dimensional to two-dimensional (2D) channel materials, it is important to explore tunnel barriers
compatible with 2D materials that possess hexagonal symmetry. To develop 2D-based spintronic devices
with hexagonal symmetry, it is important to investigate the MA of a ferromagnetic film deposited on a
material with hexagonal symmetry. Recent studies have shown that Co/h-BN heterostructures can exhibit
tunnel magnetoresistance ratios comparable to those of Fe/MgO structures”. Despite this promise, the
study of magnetocrystalline anisotropy (MCA), along with its underlying mechanisms in Co/h-BN
heterostructures, has not yet been thoroughly explored.

In this work, we theoretically investigated magnetic anisotropy of Co/h-BN heterostructures using first-
principles calculations based on the full-potential linearized augmented plane wave (FLAPW) method.
Buckled structure of h-BN is stable and exhibits larger MCA energy (MCAE). We investigated the
dependence of MCAE on the thickness of the Co film by varying the number of Co layers up to 5 layers
and found a PMA of 1.68 mJ/m? in monolayer Co heterostructure, comparable to that of a single Fe layer
on MgO?. To explore the voltage control, we applied an external electric field to the monolayer Co
heterostructure, resulting in a voltage-controlled magnetic anisotropy (VCMA) of —175 fJ/Vm, as shown
in Fig. 1. Thicker films (2 to 5 Co layers) which is in-plane magnetized is potential for the highly sensitive
magnetic field sensors. To realize this, the magnetization must change very smoothly as the signal magnetic
field varies. We calculated the angular dependence of total MAE for in-plane angle (¢,) up to 120°. The
total MAE remains constant for all values of ¢,, within the numerical accuracy of 0.1 peV (Fig. 2), which
is a desirable characteristic for sensor applications. These findings offer key insights into the magnetic
anisotropy behavior of Co/h-BN heterostructures for developing voltage-controlled MRAM and magnetic
field sensors based on this material system.

Reference
1) J. Robertson et al., Jpn. J. Appl. Phys., 62 (2023) SC0804. 2) K. Nakamura et al., Phys. Rev. B 81 (2010) 220409(R).
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Anisotropic Gilbert damping in the V/Fe/MgO multilayer
ISSP-UTokyo', NIMS?, TSQS-Utokyo®
°Jieyi Chen!, Shoya Sakamoto!, Ivan Kurniawan?, Hidetoshi Kosaki', Erkang Wei',
Tempei Hatajiri', Keisuke Masuda?, and Shinji Miwa'"
E-mail: jieyi@issp.u-tokyo.ac.jp

The intrinsic Gilbert damping constant in magnetic multilayers is a fundamental parameter that
characterizes the dynamic behavior of ferromagnetic materials. In most studies of magnetic materials, the
intrinsic Gilbert damping constant is considered an isotropic parameter. Recently, several studies have
discovered the anisotropic Gilbert damping with respect to the in-plane magnetization direction in the
epitaxial Fe film grown on GaAs substrates [1, 2]. In the previous JSAP meeting, we have reported that the
intrinsic Gilbert damping in the V/Fe/MgO multilayer is also influenced by the magnetization direction [3].
In this study, we systematically investigate the anisotropy of the Gilbert damping in the V/Fe/MgO system,
focusing on its dependence on the out-of-plane magnetization direction.

We fabricated epitaxial V/Fe/MgO multilayers using molecular beam epitaxy [Fig. 1(a)]. The Gilbert
damping constant was characterized by the time-resolved magneto-optical Kerr effect (TR-MOKE). The
setup of the TR-MOKE system and the magnetization direction dependence of intrinsic Gilbert damping in
the V (8 nm)/Fe (0.6-1.2 nm)/MgO (0.5 nm) multilayers are shown in Fig. 1(b) and 1(c). We found that the
Gilbert damping depends on the magnetization direction and increases when the direction of the magnetic
field angle is changed from in-plane to out-of-plane. We have also conducted a first principles calculation of
the intrinsic Gilbert damping and compared with the experimental results in detail. Specifically, bulk and
interfacial effects on the anisotropic Gilbert damping will be discussed.

This work was partly supported by JSPS KAKENHI (Nos. JP22H04964, JP23H01833, 24H02234, and
25H00414), Spin-RNJ, JST-Mirai Program (JPMJMI20A1), JST-ASPIRE (No. JPMJAP2317), X-NICS (No.
JPJ011438), and JST-SPRING (No. JPMJSP2108).
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Fig. 1. (a) Schematic of the multilayers. (b) Setup of the TR-MOKE. (c¢) Magnetization direction dependence of
intrinsic Gilbert damping in the V (8 nm)/Fe (0.6-1.2 nm)/MgO (0.5 nm) multilayers.

[1] L. Chen et al., Nat. Phys. 14, 490-494 (2018).

[2] L. Chen et al., Phys. Rev. Lett. 130, 046704 (2023).

[3]J. Chen et al., The 72" JSAP Spring Meeting, 14p-K303-1, Chiba, 2025, 3.
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Engineering THz Magnon Frequencies via Stacking in 2D Ferromagnetic van der Waals
Crls/As Bilayer: First-Principles Study

Mie Univ. ', °Andi Gumarilang', Kohji Nakamura'

E-mail: 423db01@m.mie-u.ac.jp

Discovery of 2D ferromagnetic van der Waals Crl; opens new avenues for tunable THz magnon excitation
by harnessing the possibility of multiple stacking orders in one multi-layer system. Monolayer Weyl
semi-metals As/Sb/Bi have small lattice mismatch to Crls!!), and the triangular lattice structure of As/Sb/Bi
allows different types of symmetry breaking to be applied on the honeycomb lattice Crls; depending on the
stacking order. While the As displayed topological phase transition from quantum anomalous Hall state into
metallic state under Crl; magnetization re-orientation in one Crls/As stacking order!!], the effect of As on
THz magnon excitation of Crl; at multiple stacking orders remain unaddressed, which serves for
establishing a guide of tunability of THz magnon excitation in the Crls via stacking control. Here, we
demonstrated the THz magnon frequencies modulation in multiple Crls/As stacking orders via
spin-exchange and Kitaev interactions modulation by employing first-principles calculation based on
full-potential linearized augmented plane-wave ? and linear spin-wave theory™). In each stacking order,
interaction between I and As atoms weakens the crystalline electric field that splits the unoccupied and
occupied Cr d states and provide an additional d state at the gap in the stacking orders with broken Cj.
symmetry, leading to a significant enhancement of the spin-exchange constants by more than 100%. The
hybridization between I and As p states narrow the energy gap between occupied I p: states and unoccupied
px/py states, which gives rise to enhanced Kitaev interactions by two times of magnitude. In the magnon
dispersion, the degeneracy between optic and acoustic modes can be lifted by the enhanced Kitaev
interaction, inversion symmetry breaking, and Cj. rotational symmetry breaking with the gap induced by
the Cj; rotational symmetry breaking being the highest and that by enhanced Kitaev interaction being the
lowest. By taking the magnon frequencies at zero wave-vector as the ferromagnetic resonance (FMR)
frequencies, the enhancement of optic mode FMR frequencies ranges from 14% to 60% from 5.14 THz,
which depends on the spin-exchange constants enhancement, while the modulation of acoustic mode FMR
frequencies ranges from weakening of 15% to enhancement of 100%, from 0.12 THz which depends on the

magnetic anisotropy energy modulation driven by the Kitaev interactions.

References:

(11 M. U. Rehman, et. al., Phys. Rev. B 100, 195422 (2019)

(21 K. Nakamura, et. al., Phys. Rev. B 67, 014420 (2003)

BIS. Toth, B. Lake, J. Phys.: Condens. Matter. 27 166002 (2015)
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Ultrafast spin dynamics characterization of ferromagnetic YIG/GGG and spin-glass

YIG/YAG measured by time-resolved magneto-optic Faraday effect(TR-MOFE)
Dongxun Yang', Md Shamim Sarker?, Hiroyasu Yamahara', Munetoshi Seki'-%, Hitoshi Tabata'-
! Department of Bioengineering, Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-8656, Japan
2 Department of Electrical Engineering and Information Systems, Graduate School of Engineering, The University
of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
E-mail: yang-dx@bioxide.t.u-tokyo.ac.jp

1. Introduction
Ultrafast spin dynamics reveal critical information

about  magnetic  materials, including  ultrafast
demagnetization, spin  precession, and damping
parameters[1]. These properties are essential for

understanding spin excitations and standing spin wave
transport, which are crucial for various spintronic
applications. Yttrium iron garnet (YsFesOuz, or YIG) is a
remarkable magnetic material that has attracted significant
attention due to its excellent magnetization characteristics.
Through intentional doping or interface strain engineering,
YIG thin films can exhibit spin glass behavior at room
temperature, making them promising candidates for future
neuromorphic computing devices. Therefore, characterizing
the spin dynamics of YIG is of great importance. To gain
deeper insight into its ultrafast magnetization behavior, a
rapid and sensitive characterization method is required. In
this work, we implemented a time-resolved magneto-optic
Faraday effect (TR-MOFE) system to investigate the spin
dynamics of YIG thin films grown on GGG and YAG
substrates under varying external magnetic fields[2]. We
successfully detected spin precession signals and analyzed

the mechanism underlying their observation using tr-MOFE.

Finally, key dynamic parameters of YIG were extracted and
discussed.
2. Experiment and results
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Fig.1 (a)The diagram of the Tr-MOFE system with 45° incident
probe and vertical pump. (b) The setting configuration of the
external magnetic field.

In this study, a time-resolved magneto-optic Faraday
effect (tr-MOFE) system was performed to measure the spin
dynamics of YIG thin films with the external magnetic field
in the range of 10 mT to 160 mT. A Ti-sapphire coherent
laser was used to provide a 35-fs 800 nm pulse laser source
and was turned to 400 nm by using non-linear crystal BBO
for both pump and probe laser. The spin variation was
detected by the linearly polarized probe laser with an
incident angle of 45° and the polarization of the
transmission were detected by a balanced detector after a
quarter wave plane and an analyzing Wollaston prism. The
samples were illuminated by a 405-nm CW laser source at
an incident angle of 45° and the polarization rotation of the
reflections were detected by a balanced detector after an

10-003

analyzing Wollaston prism, as shown in Fig.1(a). The
setting configuration of external magnetic field is shown in
Fig.1(b).
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Fig.2 The t-MOFE spin precession of (a) YIG/GGG and (c)
YIG/YAG. (b)The FMR vs. Hex in YIG/GGG (d) Comparison of
tr-MOFE between YIG/GGG and YIG/YAG under 140 mT.

Figures 2(a) and 2(c) present the experimental TR-
MOFE signals of YIG/GGG and YIG/YAG under various
external magnetic fields. Figure 2(b) shows the dependence
of the ferromagnetic resonance (FMR) frequency on the
external magnetic field for YIG/GGG under both positive
and negative field directions. The results indicate that the
application of an external magnetic field induces FMR in
both YIG/GGG and YIG/YAG samples. However, as
illustrated in Figure 2(d), the damping parameter of spin
precession in YIG/YAG is 0.0186, which is significantly
larger than that in YIG/GGG (0.0072). This difference is
attributed to the larger lattice mismatch in YIG/YAG, which
induces spin glass-like behavior—characterized by
magnetic disorder. Under high magnetic fields, the
disordered magnetic domains in YIG/YAG tend to partially
align, enabling transient spin excitations; however, the
excitations decay rapidly due to the strong damping
effects[3].

This research was supported by Institute for Al and Beyond for the
University of Tokyo, JST, CREST Grant Number JPMJCR2202,
Japan, AMED under Grant Number JP22zf0127006, JSPS
KAKENHI Grant Number JP20H05651, 25H00730, 25H02602.
Reference

[1] K. Neeraj, N. Awari, S. Kovalev et al., Nature Physics, 17(2),
245-250 (2021).

[2] T. Satoh, Y. Terui, R. Moriya et al., Nature Photonics, 6(10),
662-666 (2012).

[3] J. A. Mydosh, Reports on Progress in Physics, 78(5), 052501
(2015).
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Effect of Spin-Wave Mode on Physical Reservoir Computing using
Synthetic Antiferromagnet
FHEXT' OMHHHT ', REES' MHRE' FUEL'
Nagoya Univ. ', Takumu Shinkai', Satoshi Ilihama', Kensuke Hayashil, Takahiro Moriyama'

E-mail: shinkai.takumu.b6@s.mail.nagoya-u.ac.jp

Artificial intelligence (Al), driven by neural networks, has become an essential technology in modern
society. Nevertheless, traditional Al architecture depends heavily on CPUs and GPUs, leading to
considerable power consumption. To tackle this limitation, physical reservoir computing (PRC)—a
hardware-based realization of neural networks—has gained attention as a promising method for achieving
energy-efficient and high-speed information processing. Among various physical platforms explored for
PRC, spin-wave-based systems, which exploit the non-local dynamics of magnetization, offer notable
advantages such as nanoscale scalability and low energy consumption [1]. In particular, Synthetic
Antiferromagnets (SAFs)—structures consisting of two ferromagnetic layers antiferromagnetically coupled
through a non-magnetic spacer—display spin-wave dispersion relations that differ significantly from those
of single-layer ferromagnets. Due to the interlayer exchange interaction, SAFs support two distinct
spin-wave modes: an in-phase acoustic mode and an out-of-phase optical mode, each exhibiting unique

| propagation characteristics._This research investigates whether the selective excitation of these spin-wave
modes can be used to modulate the memory characteristics of the reservoir, specifically focusing on linear
memory capacity (MC) and nonlinear information processing capacity (IPC). The ability to utilize this
modal degree of freedom, absent in single ferromagnetic layers, may open up new pathways to enhance the

| functionality of spin-wave-based PRC._To explore this, we conducted micromagnetic simulations using
Mumax®. As depicted in Fig. 1(a), physical nodes were introduced on the SAF structure, and spin-transfer
torque was applied to the first ferromagnetic layer to initiate spin-wave propagation. Figure 1(b) shows the
dispersion analysis, where wavevector—frequency mappings reveal the differences in propagation behavior
between the acoustic and optical modes. In our presentation, we will examine how the excitation of each
mode influences performance of PRC.
[1] S. lihama et al., npj Spintronics 2, 5 (2024)
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Figure 1 (a) Schematic illustration of PRC based on propagating spin-waves in SAF. (b) Spin-wave
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dispersion relation obtained by calculating Fourier transformation of propagating spin-waves.
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Dimension-dependent magnon-magnon interactions

WPI-AIMR, Tohoku Univ. !, IMR, Tohoku Univ. 2, CSRN, Tohoku Univ. 3, KITS, UCAS 4
Huanhuan Yang!, Gerrit E. W. Bauer!23+#

E-mail: yang.huanhuan.b6@tohoku.ac.jp

We investigate magnon-magnon interactions in ferromagnetic systems across different dimensionalities,
emphasizing their sensitivity to geometric confinement. In the long-wavelength limit, dipolar interactions
dominate and lead to a suppression of three-magnon processes in reduced dimensions, while four-magnon
interactions display distinct scaling behaviors from 1D to 3D. At larger wave vectors, the exchange
interaction becomes important, but the corresponding four-magnon interactions are independent of the
dimensions. By analyzing the threshold fields for first- and second-order Suhl instabilities, we uncover
their dependence on wavevector orientation and dimensionality. Our findings highlight the crucial role of
geometric confinement in shaping nonlinear magnon dynamics and provide a route to control spin-wave

instabilities in magnets of various dimensions.
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Figure: Sketch of the 3D, 2D, and 1D magnetic lattices. The magnetization is set to align z direction. Insets: (left)
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the sketch of three magnon splitting and confluence processes and (right) four magnon interactions.
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Geometric structure dependence of RF oscillation properties

of spin Hall nano-oscillators
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Johan Akerman’*’, Shunsuke Fukami'2781%11 and Hideo Ohno!731°
ILNS, RIEC, TohokuUniv., 2Graduate School of Engineering, Tohoku Univ., 3FRIS, Tohoku Univ.
“Physics department, Univ. of Gothenburg, SJST-PRESTO, °DEFS, Tohoku Univ., “CSIS, Tohoku
Univ., SWPI-AIMR Tohoku Univ., °QST, '°CIES Tohoku Univ., 'InaRIS

E-mail: iida.hitoshi.s6@dc.tohoku.ac.jp

Nanoconstriction-based spin Hall nano-oscillators (SHNOs), made of heavy metal/ferromagnet layers
and utilizing spin Hall effect in heavy metal to drive auto-oscillation in ferromagnet layer [!l, have attracted
significant attention as next-generation information devices, such as broadband RF field generators and
neuromorphic devices?!. Although studies focusing on the material systems and array structures for
efficient and stable operations have been extensively performed, guidelines for geometric design of the
nanoconstriction remain unclear. In this study, we investigate the auto-oscillation properties of the SHNO
with different nanoconstriction structures.

We use stacks of Si substrate/Pt(5)/Py(4,5,6)/MgO(2)/Ta(1) (thickness in nm) with different constriction
widths (w) ranging from 80 - 300 nm. Oscillations are excited by applying DC under an in-plane external
magnetic field (zHex) of 80 mT with an angle of 80 degrees (with respect to the direction of the applied
current) and detected by a spectrum analyzer. The maximum oscillation power (Pmax) is defined as the peak
amplitude of the Lorentzian fit to the power spectral density. As shown in Fig. 1, Pmax increases as w
decreases down to 100 nm, which can be explained by the separate edge-localized modes that overlap as w
decreases.’] Further decrease of w decreases Pmax, which may be due to the increase of the constriction
resistance and decrease of the detection and/or conversion efficiency of the auto-oscillation. The present
finding establishes the basics of designing an efficient SHNO device.

We thank F. Shibata, R. Nomura, I. Morita, M. Musya, and R. 4G

O PEPY@)
Ono for their technical support. This work was supported by JSPS 8.0 " S cero)
= ®
Kakenhi, JST PRESTO, JST ASPIRE. H. Ilida acknowledges E 60 -
2 o ©
financial support from GP-Spin at Tohoku University. . 40 - & 5
20t ©
[1] V. Demidov et al., Appl. Phys. Lett. 105, 172410 (2014). [2] T. Chen, ® o 5
00l
et al., Proc. IEEE 104, 1919-1945 (2016). [3] M. Dvornik, ef al., Phys. 00y e
Rev. Appl. 9, 014017 (2018). Fig. 1 Constriction width w
dependence of maximum output
power Pmax of SHNO.
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Electric field control of spin wave propagation in strained iron oxide garnet thin films
with unquenched orbital moments
Univ. Tokyo!, ° (D) EMK Ikball Ahamed ", Md Shamim Sarker!, Hiroyasu Yamahara!, Munetoshi
Sekil, Hitoshi Tabatal
“E-mail: ahamedikball@g.ecc.u-tokyo.ac.jp

This study aims to control spin wave propagation in rare-earth iron garnet (RIG) thin films by the electric field.
Traditional garnet materials, such as yttrium iron garnet (YIG) and related RIGs, possess a highly symmetric cubic
crystal structure and exhibit negligible spontaneous polarization and inherently weak coupling between electric and
magnetic order parameters. To overcome this limitation, this research proposes a novel strategy: reducing the high
centrosymmetry of garnet films by introducing strain or strain gradients, thereby enabling symmetry-breaking
mechanisms that can enhance electric-magnetic coupling.['?! YIG thin films were grown on lattice-matched GGG
(12.38 A) and ~1% mismatched SGGG (12.50 A) substrates using pulsed laser deposition (PLD). Likewise,
lutetium iron garnet (LulG) thin films were grown on SGGG (~1.8% mismatch) substrates. X-ray absorption
spectroscopy (XAS) and X-ray magnetic circular dichroism (XMCD) were measured at room temperature, and the
orbital and spin moments (mqr, and mgpin) were calculated as in Fig. 1(a)-(b). Lattice-matched YIG/GGG exhibits
quenched mom, whereas the unquenched mqr in YIG (120 nm)/SGGG and LulG (80 nm)/SGGG films indicates that
the mo is alleviated by the reduction of crystal symmetry from cubic to tetragonal.!?) Epitaxial strain lifts orbital
degeneracy in Fe—O octahedra, enabling partial unquenching of orbital angular momentum. Fig. 1(d) exhibits the
schematic of a voltage-controlled spin wave device using RIG thin films, where interdigital electrodes (IDE) were
analogous to the control gate used to apply an in-plane electric field. Fig.1(e) summarizes the shift in spin wave
transmission resonance frequency (Af) as a function of the electric field (E). Electric fields induced notable
frequency shifts in strained films, whereas lattice-matched YIG/GGG films showed minimal response even at
800 kV/cm. This modulation arises from electric-field-induced changes in magnetization, altering spin wave
behavior. An applied electric field causes surface electron accumulation (Fig. 1(e)), preferentially filling specific
low-energy d-orbitals in strained FeOs octahedra (Fig. 1(f)), leading to orbital polarization. This change in orbital
occupancy alters the magnetic moment balance between the Fe sites (antiferromagnetic coupling between the
tetrahedral and octahedral sites), thereby increasing the net magnetization. This electric-field-driven dynamic

magnon control marks a significant step in magnonics, enabling low-power spin wave-based logic devices.
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Fig. 1. (a)-(b) XAS and XMCD spectra, and corresponding orbital moments of YIG/GGG, YIG/SGGG and LulG/SGGG
thin films, (c) schematic of voltage-controlled spin wave devices using RIG thin films (d) spin wave transmission
resonance frequency shift /Af(E)=f.s(E)-fres(E=0)] versus applied electric field (E), (¢) IDE current versus voltage
characteristics in YIG/SGGG and (f) microscopic origin of magnetization modulation in strained RIG thin films by
electric field from the viewpoint of crystal field splitting in strained octahedron.

This research was supported by the Institute for Al and Beyond for the University of Tokyo, JST, CREST Grant Number JPMJCR2202, Japan,
AMED under Grant Number JP22zf0127006, and JSPS KAKENHI Grant Number JP20H05651, 25H00730, 25H02602, 202513995 (DC2).
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Systems with disordered magnetic configurations can enter a frozen spin state at low temperatures, driven
by the coexistence of frustration and randomness in their exchange interactions. Such states inherently
exhibit non-equilibrium behaviors like memory retention and history dependence, making them attractive
for brain-inspired computational models. This work investigates the dynamics of low-power spin
excitations within such disordered regimes to enable neuromorphic reservoir computing. However, the
need for cryogenic temperatures restricts their applicability. To address this, we explore the emergence of
glassy spin states near ambient conditions by tailoring oxygen non-stoichiometry in garnet-based
ferrimagnets. Yttrium iron garnet (YsFesOi2) serves as our initial platform due to its minimal intrinsic
damping and robust magnetic order.
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Figure 1. Structural, spectroscopic, and magnetic signatures of oxygen-vacancy-induced spin frustration in
YIG/YAG thin films. (a) Crystal structure showing oxygen coordination. (b—c) XPS spectra indicating
oxygen vacancies and Fe?* formation. (d) Orbital distortion and asymmetric exchange pathways. (e)
FC-ZFC bifurcation behavior. (f) Memory capacity across distinct glassy states.
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We fabricated 80 nm-thick oxygen non-stoichiometric YIG films on 2.96% lattice-mismatched YAG (001)
substrates using PLD (Fig. 1a). Oxygen vacancies were confirmed by lattice expansion to 12.54 A. XPS
analysis of O 1s and Fe 2p spectra (Fig. 1b-c) reveals lattice oxygen at 529.8 eV and additional
components at 531.0 and 529.3 eV, indicating 18% of oxygen vacancies and reduced metal sites,
respectively. The coexistence of Fe** and Fe?* confirms mixed valency (Fe**/Fe**~ 0.15-0.2) driven by
oxygen deficiency, which disrupts spin alignment and exchange interactions, leading to a frustrated
magnetic ground state (Fig. 1d). The assumption of Fe?*" occupancy in the tetrahedral sites supports the
reduction of magnetization from the bulk value. Spin glass behavior is evidenced by FC—ZFC bifurcation

(Fig. 1e), along with enhanced short-term memory below the glass transition temperature (Fig. 1f) [1].
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Introduction: Dynamic nuclear polarization in bulk semiconductors is often constrained by electron
delocalization, typically resulting in smaller nuclear fields than in nanostructures. However, in bulk n-
AlGaAs samples, a large nuclear magnetic field (By) up to 1.1 T can be formed slowly under an oblique
magnetic field (Bey). Further experiments revealed a two-stage formation of this large field. We investigated
this phenomenon across three samples with varying Al concentrations to reveal the underlying mechanisms,
including the roles of electron localization, nuclear quadrupole interactions, and spin diffusion.

Sample & Experiment: Two bulk n-Al.Ga;..As (x=0.05 and 0.15) and a n-GaAs (x=0) with a doping density
of Ne~1x10'6 cm™ were used. Electron and nuclear spin dynamics were investigated by time-resolved Kerr
rotation (TRKR) measurement. “pre-pump” and “dark-time” were introduced before the TRKR measurement
to observe the formation and relaxation dynamics of By [1].
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induced nuclear spin relaxation by strong By, the fast re-polarized NSP in the pump/probe stage makes the
offset. Also, the initial fast decay due to HFI is beyond our time

and slow nuclear spin diffusion processes. )
resolution.

The conventional model of nuclear spin polarization (NSP) formation [2] has successfully explained various
experiments in single QDs, but the observed two-stage NSP formation, as shown in Fig. 1(a), cannot be
reproduced. So, we modified the model by dividing the nuclear spins into the ones near the electron
localization sites (I} and the ones in the surrounding region (Is,,). The calculated results are summarized
in Fig. 1(b). As clearly shown, the model calculation reproduced the two-stage NSP formation well. The
details of our model and the physical origin of large nuclear magnetic fields will be discussed.

[1] S. Adachi, et al. J. Appl. Phys. 111, 103531 (2012). [2] F. Meier, et al. Optical Orientation.
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In recent years, the orbital Hall effect (OHE) has emerged as a new mechanism of angular momentum
transport and attracted tremendous attention in the field of condensed matter physics and spintronics. The
OHE is a phenomenon in which an application of an electric field gives rise to the transverse flow of orbital
angular momentum (orbital current) (see Fig. 1). Unlike the spin Hall effect, which typically requires heavy
elements with strong spin-orbit coupling, the OHE takes place even in light elements, offering a significant
advantage in terms of material flexibility for spin-orbit torque (SOT) devices. Although the OHE is
observable in a wide variety of materials with orbital hybridization, the previous study on OHE has mainly
focused on light transition metals such as Ti and Zr, where s-d orbital hybridization plays a crucial role in
generating orbital currents. In this study, the OHE in Si, which is semiconductor and has s-p orbital
hybridization, is investigated by using spin-torque ferromagnetic resonance measurement.

Figure 2 illustrates the device structure and the measurement setup. A (001) silicon-on-insulator
substrate is used to fabricate Ni/Si bilayer devices. The Si layer is doped with Phosphorus, and Si is n-type
and degenerated. All measurements were carried out at room temperature. Figure 3 shows a DC voltage (V'pc)
measured under the ferromagnetic resonance condition of the Ni in the Ni/Si bilayer device as a function of
an external magnetic field (Bex). The frequency of the rf current was 5 GHz, where Bex; was applied along ¢
= 45° for the rf current direction. The damping-like torque efficiency per unit electric field (&pr), which
represents the magnitude of OHE in Si, was calculated to be 75 Q'em™! using the amplitude of the Viym
component exhibiting the sin2¢@cos¢ dependence. Si thickness (tsi) dependence of &fpp. was measured (see
Fig. 4) and the orbital decay length in Si was estimated to be 17.8 nm. Monotonic increase of &pr as a

function of the Ni thickness supports our assertion of successful creation of the orbital current in Si.
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Fig. 1 Schematic. Fig. 2 Measurement setup.  Fig. 3 Bexrdependence of Voc.  Fig. 4 tsi dependence.

[1] L. Salemi et al., Phys. Rev. Mater. 6, 095001 (2022). [2] H. Hayashi et al., Commun. Phys. 6, 32 (2023).
[3] R. Fukunaga et al., Phys. Rev. Res. 5, 023054 (2023). [4] R. Matsumoto et al., arXiv:2501.14237 (2025).
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Nernst effect in ferromagnetic FexxPdxMosN thin films with skyrmions
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[Background]

Magnetic skyrmions, characterized by their topologically protected spin textures, have attracted
significant interest for applications in thermoelectric devices and heat-flow sensing technologies due
to their unique transport signatures. Recent studies have revealed that, in addition to the conventional
anomalous Nernst effect (ANE) governed by Berry curvature from intrinsic magnetization [1], the
presence of skyrmions induces a distinct topological Nernst effect (TNE) arising from the emergent
electromagnetic field associated with their spin structure [2—4]. This effect enables enhanced
transverse thermoelectric responses that are highly sensitive to skyrmion density and configuration.

Various materials such as MnSi [2], Co-Zn-Mn alloys [3], and multilayered systems [4] have
demonstrated TNE associated with skyrmions, particularly in the low-temperature or narrow-field
regimes. In this study, we focus on Fe:..PdiMosN (FPMN) thin films, which are notable for hosting
small-size skyrmions stable over a wide temperature and magnetic field range [5]. These films offer a
promising platform for room-temperature thermoelectric applications due to their chemically tunable
Dzyaloshinskii—-Moriya interaction (DMI) and robust skyrmion phase stability. We investigate the
Nernst response of FPMN thin films and their correlation with the magnetic phase diagram,
emphasizing the particle-like behavior of skyrmions under thermal gradients.

[Results]

FPMN thin film material was prepared on a sapphire (001) substrate by magnetron sputtering at a
substrate temperature of 580°C in a nitrogen atmosphere of 6.4 Pa. Nernst measurements were
performed using a PPMS with a temperature gradient of several kelvin at a wide temperature range
from room temperature down to 80 K. The analysis of TNE was carried out by subtracting the ordinary
and anomalous terms from the overall Nernst signal. In the FPMN (x=0.3), TNE of ~30 nV/K was
observed at room temperature, which is comparable to the value reported for Gd2SiPd; that exhibits
giant topological Nernst signals.[6] In the presentation, we will discuss the comparison between the
skyrmion phase diagram and the TNE phase diagram, incorporating both theoretical considerations

and experimental validation.

1] N. Nagaosa et al., Rev. Mod. Phys. 82, 1539 (2010).

2] A. Neubauer et al., Phys. Rev. Lett. 102, 186602 (2009).
31Y. Fujishiro et al., Nat. Commun. 10, 1059 (2019).

4] M. Uchida et al., Nature 558, 95 (2018).

5] B. W. Qiang et. al., Appl. Phys. Lett., 117, 142401 (2020)

[
[
[
[
[
[6] Max Hirschberger, et al., Phys. Rev. Lett. 125, 076602 (2020)
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Recently, the anomalous Nernst effect (ANE) has attracted attention as an alternative thermoelectric
conversion phenomenon to the Seebeck effect. The ANE generates an electric field in the direction
perpendicular to both the temperature gradient and the magnetization. Since the Nernst voltage increases
with the length between two electrodes of voltage output in principle, the ANE can be applied to
thermoelectric devices with various shapes, such as two-dimensional sheets, and it enables low
manufacturing costs and high durability of devices. By controlling the ANE, its potential for diverse
applications can be expanded, for example, it leads to switching devices driven only by the temperature
gradient. In this study, we focused on the electric field effect as a means of controlling it, which is a way to
modulate properties of thin films via the change in the carrier density and reversible redox reactions by
applying an electric field. An FePt thin film is one of the materials, in which the modulation of magnetic
properties by the electric field has been reported,” and shows relatively large ANE conversion efficiency?.
In this study, we investigated the modulation of the ANE, the anomalous Hall effect (AHE), and
magnetization in an FePt thin film by the electric field effect.

An Fe seed layer (1 nm), a Au buffer layer (5 nm) and an FePt layer (2 nm) were consecutively grown
on a MgO(001) single crystal substrate by a magnetron sputtering. The temperature of the substrate was
300°C during the deposition of an FePt layer and 450°C during post-annealing process. An ionic liquid
(TMPA*-TFSI') film was attached to the prepared sample as a gate dielectric in an electric double layer
transistor configuration. Gated voltage was applied to the film via the ionic liquid film as the electron
accumulation occurs in the FePt layer. Modulation of the Nernst voltage, Hall resistivity, and saturation
magnetization was confirmed with gated voltage of +1.5 V. Detailed behavior of the modulation will be

discussed.

We would like to thank Dr. Tomohiro Koyama and Dr. Daichi Chiba of Osaka University for their
cooperation in the experiments of this research. Part of this research was supported by Grant-in-Aid for
Scientific Research (S)(21H05016) from Japan Society for the Promotion of Science, and conducted in

collaboration with Network Joint Research Center for Material and Devices.
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[2] K. Hasegawa et al., Appl. Phys. Lett., 106, 252405 (2015).
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The anomalous Nernst effect (ANE) is one of the thermoelectric conversion phenomena commonly
observed in ferromagnets and expected as a next-generation energy harvesting technology ' 121, A
characteristic of this effect is that the direction of the electric field generated by thermoelectric
conversion is perpendicular to the temperature gradient. By utilizing the anomalous Nernst effect, it is
now possible to fabricate highly flexible and simple-structured devices. However, the conversion
efficiency of the ANE is too small to use practically, and it is a large issue to enhance the scattering of
electrons for the ANE. Recently, we have reported the enhancement of the ANE in the granular thin
films ). In nanostructures, interfaces play an important role for ANE scattering. Therefore, we focused
on the interface between ferromagnetic metals and air, and investigated how ANE is affected in Co-
based nanostructures.

To form interface-rich structures, we used a vapor-phase dealloying method. CoZn alloy thin films
were fabricated on MgO(100) substrates by co-sputtering method. Then, rapid thermal annealing was
applied to selectively remove Zn, resulting in a nanostructure with large interfaces. We studied
crystallographic structures using a scanning electron microscope (SEM) and transmission electron
microscope (TEM). It was confirmed that maze-like structures were obtained by a vapor-phase
dealloying. Figure 1 presents the ANE efficiency (Syx) as a function of a perimeter of pores in each
film. In maze-like Co thin films, ANE increased as perimeter

increased and reached up to 1.2 u V/K, which is more than three :Z -_l | -I—.—. l_-
times greater than that of the Co thin film without < o &> _ _ _ g -
nanostructures. We also analyzed the scaling relation between \>_; 08~ .
Gux and Oyy, that is, a longitudinal and transverse conductivity. ~—, ° 7
In samples with large ANE, transverse conductivity decreases E'Z - - - - - vl
as longitudinal conductivity increases, which differs from a 0oly | | | .
conventional tendency. These results suggest that ANE 80 100 120 140 160
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ring mechanism is strongly tun increasing interf:
scattering mechanism is strongly tuned by increasing interfaces Fig1. ANE efficiency

of Co.
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Introduction

Terahertz (THz) emission from single ferromagnetic thin films excited by femtosecond pulsed lasers (fs-lasers) has
attracted attention as a promising approach to expanding the high-frequency regime of spintronics[1]. A prior study
indicated that fs-laser-induced voltages in Llo-ordered FePt thin films stem from ultrafast thermomagnetic effects
associated with the anomalous Nernst effect (ANE)[2]. In this study, we aim to analyze thermomagnetic effects with
high spatial and temporal resolution by microfabricating FePt thin films and applying fs-laser irradiation with a reduced
spot size. As an initial step, we investigated voltage responses induced by fs-laser irradiation at the microscale.

Experimental Methods

FePt thin films were deposited on MgO substrates by RF sputtering, followed by annealing. Structural and magnetic
properties were characterized using X-ray diffraction (XRD) and vibrating sample magnetometer (VSM). ANE
voltages were measured using a PPMS system by applying out-of-plane temperature gradients with a heater. In addition,
CW laser irradiation was used to induce temperature gradients to investigate laser-induced ANE voltages. For fs-laser-
induced ANE measurement as shown in Fig. 1, the wavelength and repetitions rate of the laser were 1,550 nm and 1
GHz, respectively. The laser was irradiated on microfabricated wire of the FePt thin film with a width of 5 um. The
laser-induced voltage was measured using a GHz oscilloscope.

Results and Discussion

XRD and VSM measurements confirmed that the fabricated films

exhibited a disordered fct-FePt with in-plane magnetic anisotropy. ANE

fs-laser
voltages under thermal gradients were observed with both heater and laser
excitation. Under fs-laser irradiation, magnetic-field-dependent voltage
signals were successfully observed via fast Fourier transformation
spectrum at 1 GHz of the time-domain signal. These results demonstrate voltage magnetlzatlon

the feasibility of resolving localized ultrafast voltage responses, paving the

way for spatially and temporally resolved analysis of ultrafast Fig. 1 Experimental setup for pulsed

thermomagnetic effects. Future work will focus on detailed waveform laser voltage measurement.
analysis to clarify the link between magnetization dynamics and

thermomagnetic effect.
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Observation of Nonlinear Thermoelectric Effect at room temperature

BEAMI', BFHEIEEETT 2, HH CEMS®, Z X Beyond Al4 EEJbX AIMR®

FHEH#EtH |, FNRRE, BRER"S, HEhER S

Dept. Appl. Phys., Univ. Tokyo', JAEA ASRC %, RIKEN CEMS?, BAI Univ. Tokyo*, AIMR Tohoku

Univ.}

Yuya Hirata', Takashi Kikkawa'?, Hiroki Arisawa'?, Eiji Saitoh'**3

BENRIIMEITNA TR EARNEEICERSNOHARTH S, 1k, MEAERRIZET
DHFFEN e ST E T3, T4, IREARLO “WRIZIHIT 2 HERTEEVER RS BT A S (1.

WMEAEIZIE,

TSR MoGe & REEVEAERRXIR Y3FesOn DA RIZE W TIEMRIE Nernst T

Z)‘i?@%ﬁé‘]ﬂl%ﬂﬁﬂéﬂf:[z} Z DB TIRE R > ZE )W R ) AL 8 2 7B /28 2 % BT 70 38 B B
L7209 %75, FEEIREN MoGe DBEFERIESFF S D MEIRERSE (5 K LAF) IZIRHAL

Tz,

ABFFETIE, =ILICBNT FERIE Seebeck 2N DOBIHNI ) L7=[3]. EERTIL, @EMES
J& NigiFejo & RN SR Pt OHEARITK U THEER = > 7 A AEZHWT, FERHA Seebeck
BIEZHIE L. Pt NEZHNDET AN A EIEMHANER 24 LT NigiFeio S T
fiFons 2 LT, BURAN T AICE U PR fimit-A v o BaELns A L 5. s, Bk
FHARREHRACX T 2 KA 2~ 5 Z & T, Bl S 7 FERIE Seebeck 15 5705 Z DR b-A &7

AL

L TWAZ EEHALMNI L. ARETIE, EBREROTEM, MOFEWNEO X

FRYEDIEALDY & 72 & FFERIE Seebeck 05RO LB 2 IEH KA GIRN R [4] & it U TRl 2.

[
[
[
[

© 2025% ISRYEES

1] R. Nakai and N. Nagaosa, Phys. Rev. B 99, 115201 (2019).
2] H. Arisawa, Y. Fujimoto, T. Kikkawa and E. Saitoh, Nat Commun 15, 6912 (2024).
3]Y. Hirata, T. Kikkawa, H. Arisawa and E. Saitoh, under review.

4] Avci, C., Garello, K., Ghosh, A. ef al. Nat Phys 11, 570-575 (2015).

10-083 10.2



8p-N303-7 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

Observation of Unconventional Spin Current Transmission in Epitaxial NiO(001) Films
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Antiferromagnetic materials have garnered increasing attention due to their unique physical properties and
potential in spintronic applications [1]. Among them, antiferromagnetic insulator NiO with high Néel
temperature has been widely studied [2,3]. While long spin transmission lengths have been reported and
several mechanisms have been proposed, the fundamental physics of spin transport in NiO remains
controversial. Notably, most studies have focused on polycrystalline NiO, with limited investigation of
epitaxial NiO films [4,5], hindering a comprehensive understanding of its spin transport properties.
In this work, we investigate spin current transmission in epitaxial NiO(001) films by measuring the
thermo-spin effects [6] in Pt/NiO/CoFeB trilayers. Pt(fp;)/NiO(tnio) films were epitaxially grown on
MgO(001) substrates, followed by the deposition of CoFeB(20 nm) using magnetron sputtering.
Polycrystalline counterparts were also prepared on Si/Si-O substrates as control samples. In Pt/NiO/CoFeB
trilayers, the spin current generated via the spin Hall effect in Pt is injected into the adjacent NiO and
partially transmitted to the CoFeB layer, leading to a temperature change induced by thermo-spin effects.
This temperature change was detected by employing the lock-in thermoreflectance technique [7], with Si-O
electrical insulation and Cr/Au transducer layers deposited on the CoFeB layer.
To assess spin current transmission through NiO, we evaluated the amplitude of temperature change
normalized by the injected spin current density, Aoad/js- Interestingly, this transmission efficiency in
epitaxial samples shows unconventional dependence on both #p; and #xio. 4odd/js €xhibits a pronounced peak
at tnio = 10 nm with increasing fnjo in epitaxial samples, which is attributable to the enhanced
antiferromagnetic ordering [3,7]. In contrast, polycrystalline samples display monotonic exponential decay
with increasing tnio, reflecting the conventional magnon diffusion behavior. Furthermore, in epitaxial
Pt(#p)/NiO(10 nm)/CoFeB films, Aoqa/js as a function of #p; exhibits an exotic oscillation-like behavior,
while remaining nearly constant in their polycrystalline counterparts. Given that the spin diffusion length in
Pt (~ 1.5 nm) is much shorter than the minimum #p; of 5 nm used here, this behavior likely arises not from
spin transport in Pt, but from modifications in the structural or magnetic properties of NiO influenced by
the underlying Pt. We speculate that the magnetic domain structure of NiO, which critically affects spin
current transmission, may vary with zp; due to Pt-induced strain.
[1] V. Baltz et al, Rev. Mod. Phys. 90, 015005 (2018). [2] H. Wang et al, Phys. Rev. Lett. 113, 097202 (2014). [3] Y. Wang et
al, Science 366, 1125 (2019). [4] L. Baldrati et al, Phys. Rev. B 98, 014409 (2018). [5] T. Ikebuchi et al, Appl. Phys. Express
14, 123001 (2021). [6] R. Iguchi ef al, Phys. Rev. B 98, 014402 (2018). [7] T. Yamazaki et al, Appl. Phys. Express 16,

083003 (2023).
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The exchange interaction between ferromagnetic layers separated by a nonmagnetic layer, which is called
the interlayer exchange coupling (IEC), leads to the antiparallel alignment of magnetization vectors for the
adjacent ferromagnetic layers. Such artificial antiferromagnetic spin structure is well known as a synthetic
antiferromagnet (SyAF). The SyAFs have attracted interest for its low magnetic susceptibility, no stray
magnetic field, and high frequency dynamics coming from the antiferromagnetic resonance. These features
allow us to develop next-generation spintronic devices with high storage density and fast operation speed.
In the SyAF structure consisting of MgO/CoFeB/Ta/CoFeB/MgO, the Ta interlayer plays the roles of IEC
and the generation of spin-orbit torque (SOT) originating from the spin Hall effect [1]. Considering that W
also exhibits a high spin Hall angle [2], one may expect that a SyAF with the W interlayer is another
candidate for improving the device performance. Nevertheless, there are very limited works on
antiferromagnetic coupling (AFC) through the W layer [3-5], and the comprehensive study focusing on the
IEC with W has not been carried out yet.

This study systematically investigates the IEC in CoFeB/W/CoFeB trilayers. Thin films with the stacking
structure of Ta(2.0)/MgO(1.5)/CoFeB(1.8)/W(ty)/CoFeB(1.8)/MgO(1.5)/Ta(1.5) (in nanometer) were
deposited on thermally oxidized Si substrates using ultrahigh vacuum magnetron sputtering system at room
temperature. t, was varied in the range from 0 to 4.0 nm. The post-annealing was performed for all the
samples at 340°C for 1 hour under vacuum pressure of less than 5x 107 Pa.

The low remanent magnetization in both magnetization curves under the out-of-plane and in-plane
magnetic field was observed for £y = 0.6 - 2.6 nm. In addition, the clear spin-flip behavior was observed for
the films with #, = 1.2 - 2.0 nm, indicating the well-defined AFC. The detailed structural characterization,
done by the transmission electron microscopy and reflection high-energy electron diffraction, suggests the
change in the crystal structure in the W layer depending on the W layer thickness. This finding is also
supported by the theoretical calculation and extended x-ray absorption fine structure (EXAFS)
measurement. Additionally, we examined the spintronic function by measuring the transport properties for
the microfabricated device with the thin W layer.

This work was partly supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (A)
(JP23H00232), MEXT Initiative to Establish Next-generation Novel Integrated Circuits Centers (X-NICS)
Grant Number JPJ011438, and the collaborative work with TDK corporation.
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Introduction

In recent years, altermagnets have been proposed as a new magnetic phase and are attracting attention [1]. They show
magnetic structures in which spins are aligned antiparallel, like antiferromagnets. But, unlike antiferromagnets, they
exhibitspin polarization due to peculiar crystalline symmetry associated with the magnetic structure. Active research is
ongoing in order to understand the magnetic structures, band structures, and spin transport properties of candidate
altermagnets such as RuO: [2]. In this study, we attempt to materialize synthetic altermagnets by magnetic multilayers
and experimentally investigate their magnetic and electric properties and spin transport characteristics.
Methods

The multilayer samples consisting of Fe (1.5 nm)/ Ru (tre nm)/ Co (1.8 nm)/ Ta (3.0 nm) were depositedon MgO(110)
single-crystal substrate using magnetron sputtering at various substrate temperatures. The crystal structure of each layer
was characterized by in-situ reflection high-energy electron diffraction (RHEED). The interlayer exchange coupling was
evaluated by magneto-optical Kerr effect (MOKE) measurements. The spin-torque ferromagnetic resonance (ST-FMR)
measurement was performed to characterize the spin transport properties.
Results

Fig. 1 shows representative RHEED patterns of each layer surface. The Fe layer is grown epitaxially on the MgO
substrate, and a two-fold symmetric pattern reflecting the crystal symmetry of the MgO(110) surface was observed. For
the Co layer, epitaxial growth was degraded, and no clear rotational symmetry was seen in the pattern. In the multilayer
with tre = 0.8 nm, the magnetization curve showed a plateau in the low magnetic field region (Fig. 2), suggesting the
presence of antiferromagnetic interlayer exchange coupling between the Fe and Co layers. The results indicate that while
the magnetizations in Fe and Co layersmaintain the antiferromagnetic coupling, the crystalline structures in the two layers
are distinct, which is analogous to the altermagnets. In the presentation, we will discuss the spin transport properties
measured by ST-FMR measurement.
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Fig.1 Surface observation results of Fig.2 Magnetization measurement results of Fe (1.5 nm) /
the Fe and Co layers by RHEED. Ru (tre nm) / Co (1.8 nm) / Ta (3.0 nm) measured by
Oru represents the in-plane angle of the sample. magneto-optical Kerr effect (MOKE).
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Spin-orbit torque (SOT), a current-induced torque observed in nonmagnet (NM)/ferromagnet (FM) bi-
layers, has been extensively studied not only from a fundamental perspective but also for its potential in
efficiently controlling magnetization [ 1-3] for nonvolatile memory and neuromorphic computing applications.
Large SOT is known to arise when the NM layer consists of heavy metals such as f-W due to their strong
spin-orbit coupling [4]. Recently, type-1I Weyl semimetals have been shown to generate unconventional SOT
in terms of the torque direction [5]. WTe: is a representative example, exhibiting both the unconventional
characteristics and high SOT generation efficiency [6]. However, most previous studies have used samples
prepared by exfoliation or molecular beam epitaxy. The properties of sputtered WTe>/CoFeB films on silicon

substrates—more relevant for practical applications—remain insufficiently explored.

In this work, we deposit W-Te/Ru/CoFeB thin films on ther- 2 ' ' - -
mally oxidized silicon substrates using DC/RF magnetron sputter- _ r |
o] oF 4
ing and evaluate their effective spin Hall conductivity, a parameter E
S -1r 1
representing the efficiency to generate SOT per unit current den- « ,
sity, via the harmonic Hall technique (Fig. 1) [7,8]. We investigate _3 X . . .
. ) -25 00 25 50 75 10.0
the effects of the W-Te composition and underlayer materials on 6y (rad)

both the thermal durability and the magnitude of the effective spin  Fig.1 Angle dependent harmonic Hall resistance

Hall conductivity. We find that the choice of underlayer signifi- 200 ' '

ool N |

cantly influences the properties of the W-Te layer and resultant ef- E w/ underlayer

fective spin Hall conductivity osu (Fig. 2). We also fabricate % of .
W/Ru/CoFeB as a reference of conventional materials and com- :ﬁ —100 ]
pare the results with W-Te/Ru/CoFeB. Detailed findings will be —200 . \
discussed in the talk. The results offer new insights into the poten- w " WTe, *0 *
tial application of Weyl metals in practical spintronic devices. Fig. 2 Effective spin Hall conductivity as a

function of W-Te composition
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2] L. Liu et al., Science 336, 555 (2012). P. Li et al., Nat. Commun. 9, 3990 (2018).
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[4] C.-F. Pai et al., Appl. Phys. Lett. 101, 122404 (2012). [8] C. O. Avci ef al., Phys. Rev. B 90, 224427 (2014).
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BiSb topological insulator has emerged as a promising candidate for the spin-orbit torque (SOT) layer in ultrafast
[1] and ultralow power [2] SOT-MRAM devices thanks to its giant spin Hall angle (fsu) and high electrical
conductivity o [3]. Despite showing large Osy in BiSb/CoFeB heterojunctions deposited on sapphire substrates with a
metallic Ti or Ru interlayer [4], BiSb can be lost during the high-temperature annealing due to its low melting point.
Thus, an appropriate interfacial layer between BiSb and CoFeB that can prevent thickness loss during the high-
temperature annealing process is necessary to reach the full potential of BiSb for practical SOT-MRAM applications.

In this study, we aim to realize BiSb / perpendicularly magnetized CoFeB heterojunctions with high fsy on
thermally oxidized Si/SiO; substrate after 300°C high temperature post annealing by using oxide buffer and interfacial
layers. Fig. 1(a) shows the full structure of our stacks and the annealing sequences. We first deposited TiOx (25
nm)/TaOy (5nm) buffer layers to suppress oxygen diffusion from the substrates and to enhance the crystallinity of
BiSb. Then, a 10-nm thick BiSb was sputtered followed by a 1 nm TiOx or TaOy interfacial layer specially designed
to prevent loss of BiSb during post-annealing at 300°C for 1 hour. Here, the oxide buffer and interfacial layers are
insulating and thus helpful for reducing shunting currents. We then deposited Ta (1 nm)/CoFeB (1 nm)/MgO (2.5
nm)/Ta (2 nm) multilayers. Finally, the stacks underwent another annealing process at 250°C for 30 minutes to
crystallize CoFeB and to achieve perpendicular magnetic anisotropy (PMA), as shown in Figs. 1(b) and 1(c). We
found large egf}fl > 4 in the stacks from the second harmonic Hall measurements as shown in Figs. 1(d) and 1(e). By
comparing X-ray fluorescence spectra of BiSb before and after annealing, we estimate that the BiSb thickness was
reduced to approximately 9.3 nm, suggesting good protection of BiSb by the oxide interfacial layer. Thus, the
combination of TiO,/TaOx buffer and TiOx or TaOy interfacial layers can prevent BiSb loss and current shunting,
which are crucial for realizing high-performance SOT characteristics.

References:
[1]1N. H. D. Khang et al., Appl. Phys. Lett. 120, 152401 (2022). [2] H. Wu et al., Nat. Commun. 12, 6251 (2021). [3] N.
H. D. Khang et al., Nat. Mater. 17, 808 (2018). [4] Zh. Ruixian et al., Appl. Phys. Lett. 124, 072402 (2024).
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Fig. 1. (a) The schematic of our stacks. (b)(c) Anomalous Hall resistance measured in a 20x60 pm? Hall bar
with a perpendicular and in-plane magnetic field, respectively. (d) Second harmonic Hall resistance and (e)
antidampinglike SOT field as a function of BiSb current density.
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Spin-orbit torque (SOT) provides a promising mechanism for electrically encoding information
in magnetic states. Unlike existing schemes, where the SOT is passively determined by the material
and device structures, an active manipulation of the intrinsic SOT polarity would allow for flexibly
programmable SOT devices. Achieving this requires electrical control of the current-induced spin
polarization of the spin source. In this study, we demonstrate a proof-of-concept current-programmed
SOT device. Using a noncollinear-antiferromagnetic/nonmagnetic/ferromagnetic (NCAFM/NM/FM)
Mn3zSn/Mo/CoFeB heterostructure at zero magnetic field, we show current-induced switching in the
CoFeB layer due to the spin current polarized by the magnetic structure of the MnsSn; by properly
tuning the driving current, the spin current from the CoFeB further reverses the magnetic orientation
of the Mn3Sn, which determines the polarity of the subsequent switching of the CoFeB (Fig. 1). This
scheme of mutual switching can be achieved in a spin-valve-like simple protocol because each
magnetic layer serves as a reversible spin source and target magnetic electrode. It yields intriguing
proof-of-concept functionalities for unconventional logic and neuromorphic computing [1].

A portion of this work is supported by JSPS Kakenhi (Nos. 19H05622, 21J23061, 22KF0035,
22K14558, 24K16999, 24K22949, 24H00039, and 24H02235), MEXT Initiative to Establish
Next-generation Novel Integrated Circuits Centers (X-NICS) (Grant No. JPJ011438), Iketani Science and
Technology Foundation (No. 0331108-A), Casio Science and Technology Foundation (No. 39-11 and 40-4),
and RIEC Cooperative Research Projects.

[1] J.-Y. Yoon, et al. Nature Communications 16, 1171 (2025).
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Fig. 1. Illustration of the electrical mutual switching in NCAFM/NM/FM stacks: switching of FM at
current |1 and switching of NCAFM at current I (12 > 11) in the absence of magnetic field.
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Current-induced switching in epitaxial Mn3Sn thin films: A temperature dependent study
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Current-induced spin-orbit torques (SOTs) offer an efficient mechanism to switch the non-collinear
antiferromagnetic order in Mn3Sn [1]. While the switching experiments in epitaxial Mn3Sn films can be
consistently understood by the SOT-driven spin dynamics [2—4], some studies with polycrystalline Mn3Sn
films reveal a significant role of Joule heating [5—7], suggesting that the switching process involves a step
that heats the sample close to or above the Néel temperature (7x) of Mn3Sn [5].

Here we evaluate the role of SOT and Joule heating from the temperature (7) dependence of current-
induced switching in the (1010)-oriented epitaxial Mn3Sn adjacent to heavy metal W/Ta (Fig. 1a). From the
switching loops (Fig. 1b), we extract the switching current /s at different 7' (red dots in Fig. 1c). By
comparing the sample resistance as functions of 7" and current, we calibrate the current-induced temperature
rise and, accordingly, determine / (7— Tw), the threshold current that heats the sample to the Néel temperature
(black dots in Fig. 1¢). We find that /g, is well below / (T—Tn) at 140~300 K, indicating that the sample
maintains the non-collinear antiferromagnetic order during the switching. Our results suggest the persistent
role of SOT and less dominant role of Joule heating in epitaxial Mn3Sn films than polycrystalline samples.

A portion of this study was supported by JSPS KAKENHI (Grant Nos. 23KJ0216, 24K16999,
24H00039, and 24H02235) and the MEXT X-NICS (Grant No. JPJ011438).
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Fig. 1. (a) Sample structure. (b) Hall resistance Ry as a function of the applied pulse current under different
magnetic fields at 300 K. The current and the magnetic field are along the x axis. (¢) Temperature dependence
of the switching current /s, and the current that heats the sample to the Néel temperature, / (T—7n).
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Manipulating spins in antiferromagnets (AFMs) is crucial for the AFM-based technologies [1,2]. In a
noncollinear AFM Mn;3Sn, bidirectional switching by spin-orbit torque (SOT) has been reported for epitaxial [3,4]
and polycrystalline [5,6] films. In epitaxial films, a competition between the chiral-spin rotation driven by the current
[3] and the reorientation of the uncompensated magnetization caused by the magnetic field has been attributed as the
underlying mechanism of the switching [4]. Here, we report the unconventional current pulse-width 7, dependence
of the threshold currents in an Mn3Sn nanodot.

We fabricate an epitaxial Mn3Sn(20nm) nanodot [7] on the Ta(3nm)/W(2nm) channel grown on the
MgO(110) substrate [Fig. 1(a) and (b)]. Figure 1(c) shows the switching probability (P) versus current density into
the W/Ta layer (Jum), with 7, of 5 ms, under an in-plane field uoH1130; of 100 mT. We find that, with a given z,, P
initially increases with current density into the W/Ta layer Juwm, reaches the unity, and then starts decreasing upon
further increasing Jum. We define two threshold current densities: J¢1 and Je; at which P hits 0.5 in the switching
process and 0.75 in the switching-back process, respectively. J.1 decreases with 7,, which can be understood in a
straightforward manner: the Mn3Sn nanodot is exposed to the thermal fluctuation for a longer time with a longer z,,
hence a better chance of completing the switching at a lower Jum with the thermal assistance. In contrast, Je is

insensitive to 7,, which defies a simple

interpretation with no similar phenomenon (a) (b)

known in ferromagnets. The observed R ]Z:OO_nm
behavior is reproduced well by LLG MnSn

simulations. In this presentation, we discuss — V

potential mechanism of the unconventional (c)

2 HoH {1130~ 100 mT
W /Ta

switching behavior. Our findings provide 10f5 g
new insights into the dynamics of 10y
11700 Mgl
. . [0001]
noncollinear antiferromagnets and open up

1120]

. .. . 20 30 40 50 60 70 80
prospects for novel functionalities in SOT- o (MA cm?)

driven AFM devices. Fig.1 (a) Schematic of the switching measurement of Hall device with a
This work was partly supported by JSPS Mns3Sn nanodot. (b) The scanning electron microscope image of the fabricated

Kakenhi, JST-PRESTO, MEXT X-NICS, device. The nominal dot diameter is 200 nm. (c) P versus Jum for 7, of 5 ms.
and RIEC Cooperative Research Projects.
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The spin Hall magnetoresistance (SMR) in antiferromagnet/heavy metal (AFM/HM) heterostructures helps to
understand the interaction between spin current and the antiferromagnetic order [1,2]. Here we present a combined
experimental and theoretical study that reveals an unconventional SMR in a non-collinear AFM/HM heterostructure.

We deposited stacks of Ru (5 nm)/Mn3Sn (15 nm)/Pt (5 nm)
on MgO(111) substrates by sputtering, followed by annealing at (a)

500 °C. This procedure leads to the formation of (0001)-oriented = - ; - ;
epitaxial Mn3Sn thin film in which the non-collinear spin structure Mg—— g
aligns in the film plane [Fig. 1(a)].

Figure 1(b) shows the magnetoresistance (MR) ratio {q z | [9\001]
(= [R(6xy) — R(6y, = 0°)]/R(6xy = 0°) ) under an in-plane "
rotating magnetic field of 9 T, where R denotes the longitudinal x | [1 120] /9 2
resistance. The MR reaches its maximum (minimum) when the yx" [1100]

field is parallel (perpendicular) to the current direction, similar to

the SMR in ferromagnets [3] but phase-shifted by 90° compared
to that in collinear AFMs [1,2]. We find that the conventional
SMR theory that focuses on the damping-like spin-transfer torque
[1,2,4] fails to reproduce the measured angle dependence of Fig.
1(b). Instead, the obtained angle dependence can be explained by

a Boltzmann transport theory considering the field-like torque,

i.e., a conduction electron spin precession around the interface 60 9'0 1é0 2%0 360
exchange fields of the local magnetic moments. These results can 2] y (®)

be attributed to the ineffective action of damping-like torque on Fig. 1. (a) Schematic of angle-dependent MR

non-collinear spin textures in the studied configuration, leading to ) .
P £ & measurement in (0001)-oriented Mn3Sn/Pt.

the emergence of a previously ignored field-like torque as the (b) Longitudinal MR as a function of the

dominant origin of SMR. The unraveled physics provides a new magnetic field angle 6, Magnetic field of

insight t i introni i AFMs [5].
insight to engineer spintronic devices based on s [5] 9 T is applied within the film plane.
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Ambient wireless signals can be a potential source of energy harvesting for reducing the carbon
footprint. Previous studies demonstrated that magnetic tunnel junctions (MTJs) can be engineered to
harvest energy from 2.4 GHz WiFi signals through the ferromagnetic resonance (FMR) [1,2]. Nevertheless,
enhancing the conversion efficiency from rf input to dc output remains a key challenge for practical use. To
this end, this study employs MTJs with a pseudo-spin-valve (PSV) structure (Fig. 1(a)). The PSV MTJs are
known to show higher tunneling magnetoresistance (TMR) [3] than the spin-valve (SV) MTJs used in the
previous work (Fig. 1(b)) [1,2], showing promise for higher conversion efficiency.

PSV and SV MTJs are deposited by sputtering and annealed at 450°C and 300°C, respectively, in a
vacuum. The inset of Fig. 1(c) shows the TMR ratios of the PSV and SV MTJs as a function of magnetic
field, indicating that the TMR ratio of the PSV MTJ is higher than that of the SV MTJ. We investigate the
rectified voltage through the FMR [4]. Figure 1(c) shows the maximum voltage vs. input rf power. We find
that the PSV MTJs exhibit significantly higher sensitivity, which can be attributed to the higher TMR ratio.
This work provides a route for improving the conversion efficiency for wireless signals energy harvesting
applications.

We thank H. Yang, R. Sharma, and A. Jiang of the Nat’l Univ. Singapore for fruitful discussion. This
work was partly supported by JSPS Kakenhi and MEXT X-NICS.
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represent results for PSV and SV, respectively. The inset in (c) shows the TMR ratio of PSV and SV as a

function of magnetic field.
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Tunnel magnetoresistance (TMR) sensors utilizing magnetic tunnel junctions (MTJs) are high-
sensitivity magnetic sensors capable of operating at room temperature [1]. The sensitivity is
defined as TMR ratio/2H; [%/Oe¢], where H; is saturation field. Thus, the sensitivity can be
enhanced by either increasing TMR ratio or decreasing H;. In previous work, it was reported that
miniaturizing the pinned layer increases sensitivity in vortex-based TMR sensors because a
smaller pinned layer size reduces the effective H, at which the magnetic vortex core moves to
the outside of the pinned layer [2]. We fabricated the vortex-based TMR sensors with 2 ume
pinned layer and a 10 pmeo free layer, achieving a reduction in H; from 156 Oe down to 31 Oe
and a sensitivity increase up to 4.4 %/Oe. In this work, we aim to realize nanometer-scale pinned
layer for further sensitivity enhancement.

We deposited a multilayered MTJ film on a thermally oxidized Si substrate, consisting of
Ta(5)/Ru(40)/Ta(5)/CoFeSiB(70)/Ta(0.2)/CoFeB(3)/MgO/CoFeB(3)/TaB(0.1)/CoFe(0.8)/Ru
(0.8)/CoFe(3)/IrMn(10)/Ta(2)/Ru(7) (nominal thickness in nm) by magnetron sputtering. We
microfabricated the film as free layer’s diameter is 2R, is 10 pme and pinned layer’s diameter
2r; is 40-100 nme. Subsequently, we conducted magnetic annealing process with 1T in plane
magnetic field and TMR properties were measured by dc two-probe method.

We observed that H decreased and sensitivity increased as the pinned layer became smaller.
As a result, for the smallest pinned layer of 80 nme, vanishingly small H; of 0.28 Oe and
extremely high sensitivity of 268 %/Oe were achieved within a magnetic field range of + 0.3 Oe.
Moreover, the minor-loop magnetic

conductance curves exhibited low 1.00 . 1 ...
. . o7s| Major ’7 ! Minor
coercivity and small hysteresis in 050 'f ; |
the minor loop coming from a g 0 P y
reversible the vortex magnetization. g _zzz ¢ |
These results demonstrate that our 050 ] '1
approach is promising for realizing 075 £ o~
. .o, . . -1.00 1
highly sensitive and precise - -4 -2 0 2 4 6-6 -4 -2 0 3 4 s
H[Oe] H[Oe]

magnetic-field measurements.
This research was supported by the Fig. 1 Major and minor Am-H, curves for an MTJ of 80nm¢o

SIP Project, BRIDGE Project, X-nics Project, GP-Spin, CSIS, and CIES from Tohoku University.
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Tunnel magnetoresistance (TMR) oscillation is a phenomenon that the TMR ratio oscillates as a function of
the thickness of the insulating barrier layer of the magnetic tunnel junction (MTJ). Since the first observation by
Yuasa et al. in Fe/MgO/Fe(001) [1], the TMR oscillation has been observed in several crystalline MTJs. In
particular, recent experiments in a series of high-quality single-crystalline MTJs [2-4] have obtained not only
the highest record of the TMR ratio at room temperature but also a clear TMR oscillation with a significantly
large amplitude, suggesting that understanding the origin of the TMR oscillation would provide important
information for achieving even higher TMR ratios. However, many previous studies have failed to explain the
origin of the TMR oscillation. For example, the A1 coherent tunneling theory, which is a standard theory for the
TMR effect, is known to provide a monotonic increase in the TMR ratio with increasing the thickness of the
insulating barrier [5]. Although additional effects, such as interference of evanescent states [6] and nonspecular
tunneling [7], have been considered based on the A: coherent tunneling theory, the experimental fact that
resistance oscillations are observed in both parallel and antiparallel magnetization states has not been explained
satisfactorily. In the previous JSAP autumn meeting, we proposed a theory that can explain the existing
experimental results in the TMR oscillation in Fe/MgO/Fe(001). Our main idea of this theory is to take into
account the superposition of wave functions between the majority-spin A; and minority-spin A, states when
solving the tunneling problem for the TMR effect. However, this mechanism should be further considered and
rationalized from both theoretical and experimental viewpoints.

In this work, we conduct theoretical and experimental studies for validating the mechanism of the TMR
oscillation we proposed [8]. We provide a microscopic Hamiltonian for the exchange interaction between
localized spins and conduction electrons at the interface of the MTJ. We show that the superposition of wave
functions between the majority-spin A; and minority-spin A; states mentioned above is obtained by diagonalizing
this Hamiltonian. We also conduct experiments for studying the bias-voltage dependence and material
dependence of the TMR oscillation. We find that the period of the TMR oscillation hardly changes by applying
the bias voltage up to 1V in Fe/MgsAlO/Fe(001). It is also found that no resistance oscillation is observed when
using non-magnetic metallic materials (bcc-W and bcc-V) as electrodes of the tunnel junction. All these
experimental results are consistent with the mechanism proposed in our theory. We also discuss the relation
between our theory and the TMR oscillation observed in MTJs with Heusler alloys [9,10]. This work was
supported by Grant-in-Aids for Scientific Research (22H04966, 23K03933, and 24H00408) and MEXT
Program: Data Creation and Utilization-Type Material Research and Development Project (JPMXP1122715503).
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[9] T. Ishikawa et al., J. Appl. Phys. 103, 07A919 (2008). [10] T. Marukame et al., Phys. Rev. B 81, 134432
(2010).

© 2025%F [CRAYEER 10-108 10.3



9a-N303-5

First-principles study of hcp-Co1xNix|h-BN|hep-Co1xNix magnetic tunnel junction
INIMS, *Kyoto Institute of Technology
°Ivan Kurniawan!, Keisuke Masuda!, Yoshio Miura'-

E-mail: kurniawan.ivan@nims.go.jp

Magnetic tunnel junctions (MTJs) employing single-crystalline MgO barriers suffer from significant lattice
mismatch with typical ferromagnetic (FM) electrodes such as Fe, CoFe, or Heusler alloys. This mismatch
induces interfacial defects that degrade spin-dependent tunneling and limit the achievable magnetoresistance
(MR) ratio [1]. Two-dimensional materials like hexagonal boron nitride (h-BN) have emerged as promising
alternatives, offering better lattice matching with hcp-Co and inherent perpendicular magnetic anisotropy
(PMA) due to their hexagonal structure [2,3]. However, the impact of h-BN’s threefold symmetry on
tunneling characteristics—particularly spin-dependent transmittance—remains unclear. Moreover, the
influence of Fermi level shifts on MR enhancement in such systems has not been systematically explored.
In this study, we investigate the electronic transport properties of hcp-Coi~«Nix/h-BN|hcp-Coi-Nix MTJs
using first-principles calculations at zero bias, implemented in Quantum ESPRESSO [4]. Ni doping is
modeled via the virtual crystal approximation (VCA) [5], and the electrode—barrier separation is fixed at a
typical physisorption distance known to yield high MR performance [2]. As shown in Fig. 1, Ni doping
enhances the MR ratio due to changes in the conductance profile in the in-plane wave number space, with
the most significant contribution arising from the conductance peak of the minority-spin channel in the
parallel (P) configuration near the I" point, attributed to Ai-symmetry bands at the Fermi level. Doping shifts
this conductance peak closer to I" and expands zero-conductance regions in both the parallel-majority and
antiparallel (AP) configurations, thereby increasing the MR ratio. It was also found that the conductance peak
position and intensity depends on the interfacial distance, which is an important information on the origin of
the large MR ratio with the physisorption distance.

These findings deepen the understanding of spin-dependent tunneling in 2D-material-based MTJs and

demonstrate the potential of electrode composition

tuning for optimizing MR performance. This work . I:‘I EE; I 10
104 T v A
. N o) —=—1=| (AP) AN
was partially supported by Grants-in-Aid for % — — MR raio | L - n
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Scientific Research (Grant No. JP22H04966 and g 10%5} by
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. © ©
JP23K03933) from the Japan Society for the 3T >
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Promotion of Science. 8
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[1]H. Lu, et al., Appl. Phys. Rev. 8, 031307 (2021) 107
[2] H. Lu, et al., ACS Appl. Mater. Interfaces 13, 47226 (2021). N P (@ o
[3]S. Faleev, et al., PRB 92, 235118 (2015). <Xt §\°' g“" §°' = §°'
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1
[4] P. Giannozzi, et al., J. Phys.: Condens. Matter 29, 465901 (2017)
[5] L. Bellaiche and D. Vanderbilt, PRB 61, 7877 (2000).

© 2025% ISRYEES
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Power generation in ferromagnetic FePt thin films
using electromagnetic wave absorption
T. Hiratra, B. W. Qiang, T. Miyamachi, M. Mizuguchi

(Nagoya Univ.)

In recent years, there's been growing interest in energy harvesting utilizing ambient energy sources
like heat and vibration, aiming for a sustainable society. Among these utilizations, the use of
electromagnetic waves as a power source is gaining significant attention due to their ubiquitous
presence in our surroundings. Previously, a phenomenon where current is generated by exciting spins
upon irradiating thin films with electromagnetic waves under an external magnetic field has been
discovered and garnered much interest [1]. In this research, we aim to achieve power generation using
electromagnetic wave absorption without the need for an external magnetic field by employing
ferromagnetic thin films with varying magnetic anisotropy within the film. Llo-ordered FePt is a
material with perpendicular magnetic anisotropy varing with the deposition temperature. We
fabricated L1o-ordered FePt thin films with different magnetic anisotropies within the film. By using
these films, we clarified power generation by measuring the electromotive force generated when these
samples were irradiated with electromagnetic waves of a specific frequency. As shown in Fig. 1, a
certain change of voltage was observed by an irradiation of electromagnetic wave. In this talk, the
mechanism of the power generation observed will be discussed in detail, and the related physics will

be also presented.

0.04
-0.01 |
-0.06
-0.11
-0.16
-0.21 F

-0.26 1 1 1 1
0 1000 2000 3000 4000

Time(s)

Voltage (uV)

Fig. 1 Time evolution of electromotive force from FePt thin films with various
magnetic anisotropies. Electromagnetic wave with several frequencies were

irradiated intermittently.

[1]7Y. Nogi et. al., AIP advances, 11, 085114 (2021).
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Fabrication and Characterization of Co-Pt Multilayer Nanowires Prepared
by Dual-bath Electrodeposition
Gifu Univ. !, Nagoya Univ. 2, Res. Org. for Nano and Life Innov. Waseda Univ.?,
Dept. of Appl. Chem. Waseda Univ. 4, ICR Kyoto Univ. 5, ©(M2) Rio Kawana', Natsuko Oguchi !,
Daiki Oshima?, Michiyuki Yoshida', Takashi Sugiura’, Mikiko Saito®, Takayuki Homma3*,
Takeshi Kato?, Teruo Ono’, Mutsuhiro Shima!, and Keisuke Yamada'

E-mail: kawana.rio.kS5@s.gifu-u.ac.jp, yamada.keisuke.p6@f.gifu-u.ac.jp

A novel three-dimensional magnetic memory device based on domain wall (DW) motion is attracting
increasing attention due to its potential to achieve high-speed operation, high density, and low cost [-?], This
type of magnetic memory is composed of magnetic nanowires consisting of DW-pinning and domain layers.
Data transfer is realized by driving magnetic DWs along the nanowire using electric current. Co-Pt alloys,
which exhibit magnetic properties that depend on their composition, have been proposed as promising
materials for magnetic nanowires. Theoretical calculations have demonstrated that current-driven domain
wall motion—essential for memory device operation—can be achieved by employing Co-Pt alloy layers with
different compositions for each layer 2], In this study, we aim to fabricate multilayered Co-Pt nanowires
composed of Co-rich and Pt-rich layer using a dual-bath electrodeposition method, and to evaluate their
structural, magnetic, and electrical transport properties.

The samples were fabricated by depositing Co—Pt alloy layers into the nanopores of a polycarbonate
template using Co-rich and Pt-rich electrodeposition solutions [*l. The layer thickness of the samples was
varied from t = 3 to 500 nm, and the number of layers was varied from several tens to thousand to achieve a
total length of approximately 10 pm. The crystal structure, microstructure and magnetic properties of the
nanowires were characterized using XRD, SEM-EDX, TEM, VSM and MR.

The SEM-EDX observation shown in Fig. 1(a) confirmed the alternating layers of Co-rich (Co7iPty9) and Pt-
rich (Co13Pts7) compositions. The formation of FCC structure in each layer was confirmed by XRD and TEM

observation (Fig. 1(b)). Fig. 1(c) shows the MR ratio was increased with decreasing layer thickness [4].

@®Co ®Pt @Cu
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Fig. 1 Characterization of Co71Pt2o/Co13Pts; multilayer nanowires. (a) SEM-EDX image of nanowires with
layer thickness ¢ = 500 nm. (b) Electron diffraction patterns for the sample with = 17 nm. (c) Magnitude
of wH dependence of the MR ratio.
References : [1] Y. M. Hung, et. al., J. Magn. Soc. Jpn, 45, 6 (2021). [2] S. Honda and Y. Sonobe, J. Phys.
D: Appl. Phys. 55,395001 (2022). [3] N. Oguchi, et. al., J. Magn. Magn. Mater. 601, 172159 (2024). [4] R.
Kawana, et al., Appl. Phys. Express, 18, 033002 (2025).
Acknowledgment: This research was supported by the CREST program, "Development of Three-
Dimensional Magnetic Memory."
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Efficient spin-charge conversion at room temperature from 2DEGs in
ferroelectric BaTiOs films

R. Tomar!, S. Chirolil, T. Buttiens!, B. Fazlioglu Yalcin?, A. S. Goossens!, A. Raji, S. Mallik4,
E. Gradauskaite?!, L. M. Vicente-Arche?, A. Barthélémy?, L. Vila®5, J.P. Attané>®, A. Gloter?, L. Iglesias?,
I. Boventer?, R. Engel-Herbert?’, M. Bibes®

! Laboratoire Albert Fert, CNRS, Thales, Université Paris-Saclay, 91797 Palaiseau, France

2 Pennsyvlania State University, University Park, PA 16802, USA

3 Laboratoire de Physique des Solides, CNRS, Université Paris-Saclay, 91405 Orsay, France

4 Saha Institute of Nuclear Physics, 1/AF, Bidhannagar, Kolkata 700 064, India

®>Spintec, CEA, CNRS, Université Grenoble Alpes, 17 Av. des Martyrs, 38054 Grenoble

6 NELLOW, 32 Avenue Alsace-Lorraine, 38000 Grenoble

”Paul Drude Institute for Solid State Electronics, Leibniz Institute within Forschungsverbund Berlin eV,
Hausvogteiplatz 5-7, 10117, Berlin, Germany

Two-dimensional electron gases (2DEGs) at oxide interfaces have emerged as highly promising
platforms for spin-orbitronics, where the interplay between spin and charge degrees of freedom can
be harnessed for low-power, non-volatile electronic applications!. These systems naturally exhibit
strong Rashba spin—orbit coupling due to the inversion symmetry breaking at the interface, allowing
for gate-tunable spin textures and efficient interconversion between spin and charge currents. Among
them, 2DEGs formed at SrTiOs-based interfaces have demonstrated record spin-charge conversion
efficiencies, primarily via the inverse Edelstein effect, which converts a non-equilibrium spin
accumulation into a transverse charge current?.

A particularly appealing direction involves integrating this functionality with ferroelectricity, enabling
non-volatile electrical control of spintronic properties without the need for sustained power input?.
This opens new opportunities for logic-in-memory architectures and neuromorphic computing
schemes. In this context, ferroelectric spin-orbit (FESO) systems could revolutionize spintronic device
paradigms by combining non-volatility, ultralow switching energy, and reconfigurability.

Here, we report a major advance toward the implementation of such FESO devices by demonstrating
spin-charge conversion at room temperature in 2DEGs formed within epitaxial BaTiOs thin films. These
films exhibit robust ferroelectricity, with Curie temperatures exceeding 300°C, ultra-low switching
voltages in the range of 100 millivolts, and fatigue-free operation beyond 10" polarization cycles,
making them highly suitable for integration into energy-efficient electronics. When these BaTiOs-based
2DEGs are coupled to a ferromagnetic layer, we observe a clear spin-to-charge conversion signal at
ambient conditions, with efficiencies comparable to those reported for SrTiOs-based systems.

Our findings establish ferroelectric BaTiOs as a viable platform for spin-orbitronics at room
temperature and demonstrate the compatibility of epitaxial growth, ferroelectric switching, and spin-
charge conversion within a single functional oxide system. These results represent a significant step
toward the development of scalable, attojoule-class spintronic devices based on non-volatile oxide
interfaces, and lay the foundation for FESO architectures.

1. Trier, F. et al. Nat Rev Mater 7, 258 (2022).

2. Vaz, D. C. et al. Nature Mater. 18, 1187 (2019).
3. Noél, P. et al. Nature 580, 483 (2020).
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Advancing optical evaluation of persistent spin helix states in a GaAs/AlGaAs
two-dimensional electron gas via programmable spin helix patterning
Grad. Sch. of Eng., Tohoku Univ.!, Univ. of Tsukuba?, CSIS, Tohoku Univ.?,
DEFS, Tohoku Univ.?, and QUARC, QST?
OK. Kikuchi', J. Ishihara', M. Hiyama', S. Yamamoto', Y. Ohno?, and M. Kohda'**
Email: keito.kikuchi.t5@dc.tohoku.ac.jp

Persistent spin helix (PSH) states, which emerge when the Rashba and Dresselhaus spin-orbit interactions
(SOIs) are balanced, offer a promising route to achieving long-lived spin coherence in nonmagnetic
semiconductors [1]. These helical spin textures are of great interest for spintronic applications, as their
spatial periodicity can be exploited for information encoding, storage, and transport [2]. Conventional
approaches to evaluating PSH dynamics, however, often rely on sample processing, external magnetic fields,
or spatial scanning, which limit experimental flexibility and accessibility.

To overcome these limitations, we previously developed a fully optical method that combines time-
resolved Kerr rotation with programmable spin helix patterning using a spatial light modulator (SLM) [3].
This approach, illustrated schematically in Fig. 1, enables the generation of spin helices with arbitrary
wavenumbers and provides a high-throughput means to extract SOI parameters such as Rashba and
Dresselhaus coefficients, as well as the spin diffusion constant, by analyzing the wavenumber dependence
of spin relaxation.

In this commemorative presentation, we aim to extend this technique to explore the anisotropy of the PSH
state and to perform a more detailed analysis of the anisotropic properties of SOI. By taking advantage of
the SLM’s ability to flexibly rotate the spin helix pattern in-plane, we can optically access the angular
dependence of spin relaxation without the need for mechanical rotation or sample modification. As shown
in Fig. 2, this capability enables us to generate spin helices oriented along different in-plane directions and
map the relaxation dynamics in reciprocal space, thereby providing a two-dimensional view of the SOI

landscape. The combination of PSH anisotropy and programmable spin helix patterning opens the door to

high-resolution, orientation-sensitive characterization of SOI in low-dimensional semiconductor systems.
This research was supported by JSPS KAKENHI Grant No. 21H04647 and JST FOREST, CREST,

PRESTO, and SPRING programs (Grant Nos. JPMJFR203C, JPMJCR22C2, JPMIJPR24L4, and
JPMISP2114).
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[2] M. Kohda et al., Appl. Phys. Lett. 123, 190502 (2023).
[3] K. Kikuchi ef al., Phys. Rev. Applied 23, 044017 (2024).
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FIG. Electronic band structure at the G,W, (solid red curve) and LDA (dashed blue curve) of bulk BixSes
(Figure is from Phys. Rev. Lett., 130, 216402 (2023). Courtesy of Prof. D. Qiu, Yale University).
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Linear Photogalvanic Effect in Centrosymmetric Dirac Semimetals
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Masashi Kawaguchi'!, Shunzhen Wang!, Ryota Miyazaki'!, Kohei Fujiwara?, Ryo Shimano', Atsushi
Tsukazaki', Takashi Oka', Masamitsu Hayashi'

E-mail: yuta.kobayashi@phys.s.u-tokyo.ac.jp

Photogalvanic effects provide a direct probe of symmetry breaking, offering insights into charge transport
and light-matter interactions [1]. Recently, the helicity dependent photogalvanic effect, also known as the
circular photogalvanic effect (CPGE), has been extensively studied in topological materials largely due to its
direct connection to the spin-momentum locked topological states[2,3,4].

For the experimental evaluation of CPGE, the following phenomenological equation is commonly used

I
P Csin2a + Ly sin4a + Lycos4a + D,

where % is a photocurrent normalized by laser power and a is the rotation angle of the quarter waveplate
used to control the helicity of the incident light. The first term represents the CPGE, which intuitively reflects
the response of the system on circularly polarized light. The second term in the equation is the change in the
photocurrent under illumination of circularly and linearly polarized light and referred to as linear
photogalvanic effect (LPGE). The L; term, like the C term, is known to exhibit a relatively large value in
topological materials. Despite this characteristic behavior of L,, the underlying mechanism remains poorly
understood. The third and last terms often reflect polarization dependent absorption and photo-thermal
induced response, respectively.

In this study, we investigated the underlying mechanism of the L; term. Thin films of centrosymmetric
Dirac semimetals (Bi and Co3Sn,S;) were photolithographically fabricated into the wires. Photocurrent
responses were evaluated under different illumination configurations. In the presentation, we discuss the

material dependence and symmetry considerations associated with the origin of the L; term.

[1] S. D. Ganichev et al., J. Phys.: Condens. Matter 15

O SEREE R935-R983 (2003).
[2] J. W. Mclver et al., Nat. Nanotech. 7, 96-100 (2012).
- [3]1 K. N. Okada et al., Phys. Rev. B 93, 081403 (2016).
[4] H. Hirose et al., Phys. Rev. B 103, 174437 (2021).

Fig. Schematic illustration of the photocurrent measurement.
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Spatial modulation of electron spin wave in a (001) GaAs/AlGaAs quantum well
toward NOT gate operation
Grad. Sch. of Eng., Tohoku Univ.!, CSIS, Tohoku Univ.Z, DEFS, Tohoku Univ.>, QUARC, QST*,
°K. Akagi!, F. Sugawara!, J. Ishihara!, K. Kikuchi', D. Sekine*, S. Yamamoto', and M. Kohda'*
E-mail: akagi.koga.t3@dc.tohoku.ac.jp

Electron spin waves emerged in a persistent spin helix state [1] exhibit wave-like characteristics and have
the potential to serve as information carriers for multiplexed and parallel information processing. These
systems require fewer components than current CMOS-based devices [2]. A previous study has simulated
majority logic gate based on the interference of electron spin waves, which can implement AND and OR gate
operations [3]. However, the NOT gate operation with electron spin wave has not been demonstrated. To this
end, we demonstrated the spatial modulation of electron spin wavelength in a semiconductor wire structure
with different widths.

We used a one-side modulation doped (001) GaAs/AlGaAs quantum well and designed a NOT gate
structure consisting of different width of channels of 20 pm and 5 pm, as shown in the inset of Fig 1. The
different widths of channel provide the different drift velocity vg4,, enabling in the modulation of electron
spin wavelength according to the relation Asg o« [|a| + B; — B3 (1 + 6(vg,/vE)?)]™t, where aand B3
are Rashba and Dresselhaus parameters, and vy is Fermi velocity [4]. The electron spins were excited at
x = 0 um by circularly polarized pump beam and transported by an in-plane electric field. The spatial
distribution of electron spin was measured at 5 K by magneto-optical Kerr rotation (KR) microscopy.

Figure 1 shows the spatial distribution of the KR signal as a function of the distance from excitation
position. The electron spin shows oscillatory behavior, indicating the electron spin wave formed by spin orbit
effective magnetic field. The induced electron spin waves propagate accompanied by the drift motion of
electrons. While the electron spin wave is drifted through the entire wire through different channel width, the
oscillation period changes in 20 pm- and 5 um-width regions. We fit the experimental data with the product
of exponential and cosine functions, as shown with red solid lines in Fig. 1. The evaluated electron spin
wavelengths are 159 pym and 185um in 5pum and 20 um regions, respectively. This indicates
wavelength of the electron spin waves is modulated by the channel width due to the modulation of spin-

orbit-induced effective field.

This research was supported by JSPS KAKENHI 1.0.\. ¥ Y/ |
Grant No. 21H04647, JST FOREST, CREST, and _ 0° il - ML B
PRESTO programs (Grant Nos. JPMJFR203C, E 0'0,\-\ MWTMN
JPMICR22C2, and JPMJPR24L4), and RIEC, Tohoku ¢}t 1 :

University. “05r af l
-1.0}

[1] M. P Walser ef al., Nat. Phys. 8, 757 (2012). 0 10 20 30 40 50 60 70 80 90 100
[2] S. Klingler ef al., Appl. Phys. Lett. 105, 152410 (2014). X (um)

[3] K. Furudate et al., PASPS-27, P-30 (2024). Fig. 1 Spatial distribution of electron spin wave
[4] P. Altmann ef al., Phys. Rev. Lett. 116, 196802 (2016). in the channel. Inset shows the device structure.
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Circularly polarized electroluminescence properties of spin-polarized light-emitting
diodes using multilayer InGaAs quantum dots
IEXBRIESRE S CHR &, £l KiE, &EH BN, KB EA, S #i—, #l BE &F @S
Faculty of Information Science and Technology, Hokkaido Univ.
OI. Tanaka, D. Mineyama, A. Morita, H. Kise, J. Takayama, A. Murayama and S. Hiura
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Fig. 1 (a) Schematic of spin LED using 3 or 5 layers of InGaAs QDs with Cog.4Feo.4Bo.2/MgO spin injector.
Circularly polarized QD EL spectra and corresponding CPD of (b) 3-layer sample with an injection
current of 7 mA and (c) 5-layer sample with 5 mA, measured at room temperature under B=0.5 T.

References:
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Effect of light-absorbing layer thickness on light polarization detection
properties of GaNAs photodiode based on defect-enabled spin filtering
IST, Hokkaido Univ. !, RCIQE, Hokkaido Univ. 2,

ODaiki Mineyama', Itsu Tanaka', Kaito Nakama?, Hidetoshi Hashimoto?, Keisuke Minehisa?,
Junichi Takayama', Fumitaro Ishikawa?, Akihiro Murayama' and Satoshi Hiura'

E-mail: mineyama.daiki.l0 @elms.hokudai.ac.jp

Recent advances in polarization-sensitive photodetectors are expected to contribute to next-generation
high-speed optical communications, medical diagnostics and advanced sensing technologies [1-3]. Recently,
we developed a polarization-sensitive photodiode based on dilute nitride GaNAs, which is expected to
operate at ten GHz [4]. In GaNAs, the incorporation of nitrogen into GaAs generates Ga?" interstitial defects
which behave as spin-filtering defects. These defects have unpaired electron spins which become
dynamically polarized in the same spin direction as those of conduction electrons generated by circularly
polarized light excitation. The resulting capture efficiency of conduction electrons is different between
circularly and linearly polarized light due to the Pauli exclusion principle. A previous study showed that
GaNAs-based photodiode required an incident light power of at least 3 mW for efficient light polarization
detection [4]. For practical use, a device operation with a lower light power is desirable. In this work, we
fabricated GaNAs-based photodiodes with different intrinsic layer thicknesses and investigated the light
polarization detection properties.

The sample structures are shown in Fig. 1. Using nitrogen plasma-assisted molecular beam epitaxy, we
fabricated PIN photodiodes with different i-GaNAs layer thicknesses of 38.5 and 250 nm. The nitrogen
contents were estimated as 2.5 and 2.9% by x-ray diffraction. The light intensity and polarization state of a
pulsed laser (A = 1025 nm) were modulated using an optical chopper and a photoelastic modulator. The
figure of merit of polarization detection was defined as F = Ai/2ipp0s0, Where Ai represents the difference
in photocurrent between circularly and linearly polarized light, and i,x0¢, is the polarization-independent
photocurrent. Here, note that the MgO/CoFeB/Mo structure has no perpendicular magnetic anisotropy
because of no rapid temperature annealing performed. Figure 2 shows the F values as a function of light
power at —0.5 V with no magnetic field. For the 38.5-nm sample, F increased up to 4.8% at 0.5 mW and
then decreased to 2% at 4.5 mW. In contrast, the 250-nm sample exhibited no saturation of F within the
measured range. These findings indicate that by adjusting the thickness of the light-absorbing GaNAs layer,
the optimum operating light power for polarization-sensitive GaNAs photodiodes can be widely controlled.

Laser T T T T T

5L i
Objective RT
Lens x20 4l ) |
38.5 nm i-GaNAs
~3F 4
TilAu X
Electrode w oL |
Bias O/CoFeB/Mo 1L 250 nm j-GaNAs |
voltage |~ ) //
/-GaNAs 38.5 or 250 nm or ) . ) ) ) T
o SaAs 0 1 2 3 4 5
FAS (100) Sibgirare Power (mW)
Fig. 1 schematic illustration of GaNAs-based Fig.2 F as afunction of light power at 0.5
PIN photodiode developed in this study. V with a laser wavelength of 1025 nm.
References:
[1] C. Tselios et al., IEEE J. Quantum Electron. 59, 1 (2023). [3] L. Yan et al., Int. J. Remote Sens. 41, 4853 (2020).
[2]J. Chang et al., J. Biomed. Opt. 21, 56002 (2016). [4] D. Mineyama et al., Appl. Phys. Lett. 126, 223507 (2025).
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Device Design Guideline for High-Performance Si-based Spin MOSFETs

OYuki Takahashi', Shoichi Sato'?2, Masaaki Tanaka', and Ryosho Nakane'-
'Dept. of Electrical Eng. and Information Systems, *Center for Spintronics Research Network (CSRN) ,
3Systems Design Lab (d.lab), The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
E-mail: takahashi-yuki950@g.ecc.u-tokyo.ac.jp

Si-based Spin MOSFETs [1] have been proposed as semiconductor devices that can be applied to non-volatile random-
access memory and reconfigurable logic circuits for low power electronics. A spin MOSFET has the same device structure as
an ordinary MOSFET while its source and drain (S/D) electrodes are ferromagnetic materials, which allows the change in the
output current according to the relative magnetization between parallel and antiparallel states. Several demonstration examples
of Si-based Spin MOSFETSs have been reported, but further improvement in performance is necessary for practical applications.
Here, we study various characteristics of spin MOSFETs with a ferromagnetic Fe/Mg/MgO/SiOx/n*-Si tunnel junction, to find
a device design guideline for spin MOSFETs with higher magnetoresistance ratio. Based on our spin transport model [2, 3],
the bias dependence of MR ratio (y"~) and the spin polarization Ps are mainly analyzed through spin-valve and Hanle signals.

Fig. 1 shows the back-gate-type Spin MOSFET used in this study. The device was fabricated using a p-type B-doped SOI
(1 x 10%> cm™3) substrate. For the source/drain, ferromagnetic tunnel junctions consisting of Fe (4 nm)/Mg (1 nm)/MgO
(tmgo = 1.0~1.5 nm)/SiOx (~0.2 nm)/n+Si (5 nm) are employed. To reduce the high resistance due to the Schottky barrier,
the Si region directly beneath the electrodes is n+ with heavily P-doped to a degenerate level (1 X 10%° cm™3). The SiOx layer
was formed using RF plasma oxidation at room temperature, which is reported to reduce the interface state density D;;, leading
to an increase in Pg [4]. Spin-valve signals are obtained by applying a back-gate voltage, driving a constant current between
the S/D electrodes, and measuring the voltage difference between them while sweeping the external magnetic field. Fig. 2
shows the spin-valve signals measured for a device with ty 40 = 1.2 nm under conditions of Vgg =30V and Ipg = 4 mA.
As shown in the figure, clear major and minor loops are observed. Fig. 3(b) shows the Ps obtained from the spin-valve signals
and analysis as a function of the junction bias voltage V;. The results indicate that Ps exhibits V; dependence and has a peak,
which may be explained by a theoretical model based on the junction band profile [5]. According to the spin diffusion transport
model [3], yMR can be approximately expressed as ¥R~ PZ /2R;, where R; is the junction resistance. Therefore, achieving
a high MR ratio requires both a high Ps and a high junction conductance 1/2R;. However, as shown in Fig. 3, increasing
1/2R; by reducing the tunnel barrier thickness is found to decrease Ps. To overcome this conflicting problem and realize Si-

based Spin MOSFETs with a high y™~, it is necessary to reduce
the interface state density to prevent a decrease in Pg, while
simultaneously employing a thin tunnel barrier to avoid
excessive increases in Rj, which would otherwise lower yMR
Acknowledgment: This work was partly supported by Grants-
in-Aid for Scientific Research (20H05650, 23K17324,
23H00177) and Spintronics Research Network of Japan (Spin-
RNJ). This work is partly supported by the CREST Program of
JST (No. JPMJCR1777) and Spin-RNJ.

References: [1] S. Sugahara and M. Tanaka, Appl. Phys. Lett.
84, 13 (2004). [2] S. Sato, et al., Phys. Rev. B 102, 035305
(2020). [3] S. Sato, et al., Phys. Rev. Appl. 18, 064071 (2022).
[4] R. Nakane, et al., Phys. Rev. Mater. 3, 024411 (2019). [5] B.
Yu, et al., Phys. Rev. B 110, 205302 (2024).

Fig. 1 Schematic Si-based spin MOSFET device
structure and setup to measure spin signals.
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Non local detection of current induced magnetization switching
using lateral spin-valve device
Grad. School of Information Science and Technology, Hokkaido University.
°Mineto Ogawa, Yu Osada, Michihiko Yamanouchi, Tetsuya Uemura
E-mail: iavtre@eis.hokudai.ac.jp
Spin injection from ferromagnetic electrode into semiconductor and an electrical manipulation of
magnetization direction are indispensable technologies for realizing spin transistors. In this work, we
detected the spin-orbit torque (SOT) induced magnetization switching of in-plane magnetized CoFe
electrode through the non-local spin-valve measurement.
A lateral spin valve device with Pt/CoFe electrodes and n-GaAs spin transport channel was fabricated.
After initializing the magnetization directions for the injector and detector contacts by applying the in-plane
magnetic field B, = —0.3 T in the y-direction, a pulse current /p with its duration of 1 s was applied to the
injector electrodes parallel to the y-direction under the out-of-plane magnetic field B. = 0.45 T to induce the
magnetization switching, where y-axis direction is orthogonal to the GaAs channel direction. Then the
non-local voltage Vni was measured by sweeping the B, from 0 to 0.08 T to detect the magnetization

configuration. All the measurements were performed at 77 K.

Figure 1 shows Fnr as a function of B, after Ip =
+13.5 mA was applied. In case for [, = +13.5 mA, the

magnetization configuration between injector and detector

Vi (V)

contact switched from parallel (P) to antiparallel (AP) at
B, =0.025 T, and switched back again from AP to P at B, =

0.04T. In case for [,=—13.5 mA, on the other hand, the

f
. . l,=-13.5 mA
magnetization configuration was already AP state at B, = 0, 20

0 002 004 006 008
B, (T)

Fig.1 non-local voltage as a function of

switching occurred at /p = —13.5 mA. Thus, we successfully  in-plane magnetic field starting at zero

field after /r = £13.5 mA was applied to
the injector electrode under B. = 045 T
measured at 77 K.

and it switched only one time from AP to P at B, = 0.04 T.

These results indicate that the SOT-induced magnetization

demonstrated SOT-induced magnetization switching through

non-local spin-valve signals.

This work was supported in part by JSPS KAKENHI (25K0127905), MEXT X-NICS (JPJ011438), MEXT
ARIM (JPMXP1225HK0012), JST CREST (JPMJCR22C2), and JST SPRING (JPMJSP2119).
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Weak anti-localization effect in In-doped SnTe thin films

OR. Uesugi!, R. Ando?, M. Mizuno!, T. Aono!, T. Chiba®, and T. Komine'
1. Ibaraki Univ., 2. Ibaraki College, 3. Yamagata Univ.
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SnTe is known as a topological crystalline insulator protected by mirror symmetry, and it is of interest in
surface states and applications."” SnTe is easily defective in the Sn site and tends to be a p-type semiconductor
with a carrier density of ~ 10% cm™. In this work, the effect of In-doping on the Weak Anti-Localization
(WAL) which appeared in topological surface states was investigated to clarify the surface state of SnTe films.

The SnTe films were deposited on MgO(001) single-crystal substrates using magnetron sputtering. We
employed co-sputtering with Sn—Te and (Sn, In)-Te alloy targets to control the In composition of the films. It
is expected that the surface state of SnTe(001) will appear in the SnTe deposited on MgO(001) due to the
substrate orientation. After depositing the SnTe films, they were annealed at 240 °C in vacuum to improve the
crystallinity and to suppress Sn defects. X-ray diffraction was used for crystal structure analysis, X-ray
fluorescence for compositional analysis, and PPMS was used to measure a magneto-conductance AG =
G(B) —G(0T) and the Hall resistance from 2-300 K in order to evaluate the carrier density and mobility.
From the measured AG as shown in Fig. 1, the WAL due to the two-dimensionality of the surface state was
evaluated using the Hikami-Larkin—Nagaoka equation.?

e[ (Byp 1 By 4el},
86 = e[ (Frg)-mg] Ba=7"

where ¥, a, and [y are the digamma function, the channel number, and the phase coherence length,

respectively.

The temperature T dependence of a and [, at low temperatures are shown in Fig. 2. Because the
conduction channel of the surface state was observed in both the SnTe and In-doped SnTe films, it is confirmed
the existence of the two-dimensional surface state was independent of the In-doping. On the other hand, the T
dependence of 1, was observed for the T~ in the SnTe films, while T~*/2 in the In-doped SnTe films. In
general, the exponent in the temperature of the phase coherence length represents the dominant scattering
factor in quantum interference effects, and it is considered that the electron-electron scattering is dominant due
to the In-doping.

This work was partially supported by JST-ALCA-Next (Grants No. JPMJAN24B3) and Grants-in-Aid for
Scientific Research (Grants No. 24K00916, 24H00018, 25H02105, 25K08296, 24K06912). Low-temperature
measurements were performed with the support of CROSS-Tokai.
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Large field-free superconducting diode effect in a-Sn / f-Sn planar heterostructures
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2 Center for Spintronics Research Network (CSRN), The University of Tokyo,
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Fault-tolerant quantum computing (FTQC) is essential for the development of practical quantum
computers. Utilizing topological superconductivity (TSC) with Majorana zero modes (MZMs) is a promising
way to achieve FTQC, and MZMs are theoretically predicted to appear in heterostructures of topological
materials (TM) and superconductors (SC) [1]. Here, we focus on Sn-based planar heterostructures. Sn has o
and P phases distinguished by its crystal structure. 0-Sn has a diamond-type crystal structure, which is known
as a topological Dirac semimetal (TDS) [2], while B-Sn has a tetragonal crystal structure, which is a BCS
superconductor at low temperature. Recently, we have successfully fabricated any shape of a-Sn/B-Sn planar
heterostructures by irradiating a focused ion beam (FIB) on a-Sn films, where FIB-irradiated regions are
selectively heated by ion collisions and undergo a phase transition from a-Sn to $-Sn [3,4]. The FIB-induced
B-Sn nanowires embedded in a-Sn exhibit a superconducting diode effect (SDE) in the presence of an external
magnetic field parallel to the current. This SDE was thought to occur at the f-Sn/a-Sn interfaces, because the
center part of the $-Sn nanowires was heavily destroyed by the strong ion collision [3].

In this study, we study the formation and superconducting transport properties of 3-Sn nanowires
embedded in 0-Sn thin films under various FIB irradiation conditions. The a-Sn films were grown on InSb
(001) substrate by molecular beam epitaxy in an Sb-free chamber at very low temperature (< —20°C) after
the growth of an InSb buffer layer; this process improves the quality of the a-Sn films compared with the
previous work [3,4]: The reflection high energy electron diffraction patterns of the a-Sn films are streaky in
this study, which was not observed in the previous samples of refs [3,4]. X-ray reflection diffraction shows a
peak from a-Sn with clear fringes. B-Sn nanowires with widths around 450 nm are fabricated by repeating
the focused ion beam (FIB), as shown in Fig. 1a. During the cooling process to measure superconducting
properties, B-Sn nanowires fabricated under the same conditions as refs [3,4] partially reverted to a-Sn,
exhibiting the well-known "tin pest" phenomenon, and those nanowires did not show superconducting
transition. This suggests that 3-Sn regions in those nanowires in this work possess less impurities than those
in our previous reports [3,4], because impurities such as Sb atoms in $-Sn incorporated from the chamber
atmosphere or diffused from the InSb substrate are considered to prevent Sn pest [5]. f-Sn nanowires in this
work with larger FIB writing iterations for suppressing "tin pest" phenomenon showed superconducting
transitions at 3.7 K, which corresponds to superconducting transition temperature of B-Sn. Upon switching
the current direction, a large critical current difference Al, = 81pA was observed with a diode efficiency
1 = 11%, indicating a large SDE. Furthermore, a sizable SDE is observed even in the absence of an external
magnetic field (Fig. 1b). This prominent, field-free SDE may be caused by origins different from those of the
samples in our previous work [3,4]. The realization of such a zero-field SDE is particularly promising for
practical applications, including its potential use in rectifying elements for superconducting circuits.

This work was partly supported by Grants-in-Aid for Scientific Research, CREST of JST, and Spintronics
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Detection of spin polarization in superconducting FeTeo.cSeo.4 via potentiometric method
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FeTeSe has been collecting much attention as one of the possible candidates of topological
p-wave superconductors, hosting Majorana quasiparticles. In fact, recent studies using scanning tunnelling
microscopy have revealed that the zero-energy state can appear in vortex cores in FeTeSe by applying a
perpendicular external magnetic field [1,2]. Spontaneous time-reversal symmetry breaking in FeTeSe has
been also reported and indicated a possible spin polarized state at the surface of FeTeSe as a nature of
effective topological p-wave superconducting state [3-5]. On the other hand, the experimental technique to
access the topological p-wave state is still limited. Here, we demonstrate electrical detection of spin
polarization in superconducting FeTeo sSeo.4 via potentiometric method.

An FeTeo6Seo 4 flake was exfoliated from a bulk crystal synthesized by chemical vapor transport
method and transferred onto a thermally oxidized silicon substrate by using scotch tape. The thickness of
the FeTeosSeo4 flake was approximately 70 nm and Au(70 nm)/Co(30 nm) electrodes were equipped onto
the flake as a spin detector by electron-beam evaporation. We also prepared a spin device made of FeSe,
instead of FeTeosSeo4. FeSe is the mother superconducting material of FeTeSe but is a conventional s-wave
superconductor. Figure 1(a) shows a schematic image of the device and
measurement setup. Magnetic field was applied along the longitudinal
direction of the Au/Co electrode and potentiometric method was applied
with a local electrical three-terminal setup. Figure 1(b) shows the result

obtained from the potentiometric method below the transition

temperatures. A clear spin voltage hysteresis was observed from the
FeTeosSeo.s4 device in the superconducting state whereas no spin voltage

was observed from the FeSe device. The results indicate that the spin

polarization appearing in superconducting FeTeosSeos was detected by

-100-50 0 50 100
the potentiometric method [6]. HoH (MT)

References [1] D. Wang et al., Science 362, 333 (2018). [2] T. Machida et
Fig. 1 (a) A schematic

image of device structure
(2021). [4] N. J. McLaughlin et al., Nano Lett. 21, 7277 (2021). [5] C. and measurement setup.
(b) Signals obtained by
the potentiometric method

al., Nat. Mater. 18, 811 (2019). [3] N. Zaki et al., PNAS 118, ¢200724118

Farhang et al., Phys. Rev. Lett. 130, 046702 (2023). [6] K. Ohnishi, et al.,
Phys Rev. B 111, L180403 (2025) from the Superconducting

FeTepsSeo4 and FeSe.
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Magnetoelectric (ME) coupling in multiferroics is a key focus for developing ultra-low-power memory
and highly sensitive sensors. However, conventional multiferroics suffer from low transition temperatures
and weak ME responses at room temperature, which limits their applications. We previously reported that
when Ru is deposited on BiFeOs, the magnetization of Fe increases at room temperature.” In this study, we
demonstrate a new type of interfacial multiferroic that exhibits a large ME effect at room temperature, and
we also performed first-principles calculations to clarify the physical origin of magnetism. This effect
emerges at the interface between multiferroic BiFeOs and a metallic Co overlayer. Structural and
spectroscopic analyses reveal the formation of a ~1 nm interfacial layer, where X-ray magnetic circular
dichroism (XMCD) measurements at KEK-PF BL-16 detect a strong, electrically switchable interfacial
magnetic moment driven by the small electric field.
First-principles calculations using FUGAKU reveal that this
interfacial state originates from electronic reconstruction
resulting from oxygen vacancies and partial Co substitution
at Fe sites in BiFeOs. The calculations reproduce the

experimental XMCD spectra and reveal that the interface

remains insulating despite these modifications. This is
attributed to an unconventional orbital configuration we

called “super-orbital-splitting. These results highlight the

potential of interface engineering to induce multiferroic

Fig. 1 Bi(Fe,Co)Ox supercell obtained

by first-principles calculations using
promising strategy for realizing room-temperature, tunable FUGAKU

properties not found in bulk materials. Our findings offer a

magnetoelectric devices through atomic-scale control at

oxide-metal interfaces.

References: 1) Tomohiro Ichinose and Hiroshi Naganuma, Phys. Rev. Mat., 7, 014405 (2023).
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Research Areas (B) (N0.23H03803), Grant-in-Aid for Scientific Research (B) (No. 24K01346), JSPS core
to core (No. JPJISCCA20230005)
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Enhancement of orbital magnetic moment
via epitaxial lift-off of Laz3Sr;s3MnOs
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’Department of Electrical Engineering and Information Systems, The University of Tokyo
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Perovskite oxides have attracted significant attention due to their diverse properties and device applications. In
particular, Laz3Sr13MnO; (LSMO) is a promising ferromagnet due to the Curie temperature (7c) above 300 K and
half metallicity. The ferromagnetism of LSMO is due to the double-exchange interaction through Mn**-O-Mn**,
While LSMO-based spintronic devices show intriguing performances [1], their performance is suppressed by a
"dead layer" near interfaces with other perovskite oxides, which degrades the ferromagnetism and conductivity of
LSMO. It is considered that this dead layer originates from interfacial effects such as epitaxial strain and oxygen
octahedral rotation induced by the substrate material. Epitaxial lift-off of LSMO thin films using a water-soluble
sacrificial buffer layer is one of the promising solutions for the dead layer problem. Recent studies demonstrate that
epitaxial lift-off improves the magnetization and/or 7c and reduces the dead layer in LSMO [2,3]. For device
applications, understanding the mechanism of ferromagnetism enhancement through epitaxial lift-off is crucial.

We epitaxially grew an LSMO (30 unit cells ~12 nm) / SrsAl,07 (17 nm) heterostructure on an STO (001)
substrate by molecular beam epitaxy, and transferred the LSMO layer onto a p-Si substrate after dissolving the
Sr4Al>07 layer in water. The LSMO membrane showed saturation magnetization of 3.2 us/Mn at 5 K and 7¢ of 323
K, which are higher than those of the as-grown film (2.0 ug/Mn and 312 K, respectively) [3]. To investigate the
ferromagnetism enhancement in the LSMO membrane, we performed

X-ray absorption spectroscopy (XAS) and X-ray magnetic circular (Z) 1 xS | ’fé;"/f’[%o 1
dichroism (XMCD) at the Mn L3 absorption edge. The XAS spectra g o5 / n\ e H%’]] i
of both as-grown film and membrane reflect mixed Mn**/Mn*" valence ; | - / \“"EQ T
states [Figs. 1(a) and 1(b)]. The XMCD spectra of the LSMO  § o VA i,v A N -
membrane show that the spectral shapes strongly depend on the - |V xmep |
direction of the applied magnetic field compared to these of the as- 630 640 650 660 670
grown film, possibly due to magnetostriction [Figs. 1(a) and 1(b)]. Photon energy (V)
Using the XMCD sum rules, we estimate the spin and orbital magnetic (b) 1 — : ,
moments of Mn 3d electrons, indicating that epitaxial strain release = XA \ Me/n-;l/)/r?ggﬂ
from the STO substrate reduces the anisotropy of orbital magnetic & 05| \ A H?g]] .
moments while enhancing their magnitude. This enhancement of :;; J ”°H=19T
orbital magnetic moments directly explains the observed improvement fi’ 0 /\ r """" A
the ferromagnetism in LSMO. 1\ XMCD !
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Epitaxial growth and characterization of a superconducting Sn/InSb heterostructure
on a GaAs substrate
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Topological superconductivity has attracted significant attention as an essential research subject for
realizing fault-tolerant topological quantum computers, owing to the potential existence of Majorana
fermions that are protected from external disturbances. Theoretically, it has been predicted that a topological
superconducting state can be induced through the superconducting proximity effect in heterojunction systems
comprising superconductors and semiconductors with strong spin-orbit interaction [1, 2].

In this study, we grew Sn/InSb heterostructures on GaAs substrates using molecular beam epitaxy (MBE)
and studied their crystal structure and transport properties. The Sn layer exhibits superconductivity below 5
K, whose critical magnetic field and critical current exhibit twofold symmetry upon applying a rotating
magnetic field: The superconducting critical current and magnetic field weaken when the in-plane magnetic
field was applied parallel to the current direction, whereas it remained relatively large when the in-plane
magnetic field was perpendicular to the current direction (Fig. 1). This anisotropy cannot be explained solely
by conventional B-Sn superconductivity, which follows the BCS theory. Additionally, in XRD measurements
we observed peaks corresponding to both a-Sn and B-Sn. It is known that when a-Sn, a topological Dirac
semimetal, exhibits superconductivity, it can become a topological superconductor [3]. These results suggest
that our Sn film contains both a-Sn and B-Sn, and the a-Sn regions might become superconducting through
the superconducting proximity effect from the neighboring B-Sn regions, which could potentially exhibit

topological superconductivity.

[1] Lutchyn, R. M., Sau, J. D. & Das Sarma, S. Phys. Rev. Lett. 105, 077001 (2010).
[2] Oreg, Y., Refael, G. & von Oppen, F. Phys. Rev. Lett. 105, 177002 (2010).

[3] Kobayashi, S. & Sato, M. Phys. Rev. Lett. 115, 187001 (2015).
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Fig.1 (a) Schematic illustration of the Sn/InSb heterostructure epitaxially grown on a GaAs (001) substrate,
with electrodes patterned for transport measurements. The current I flows along the [110] direction, while
the magnetic field H is applied in-plane and rotated at an angle 6 from the current 7 direction. (b) Polar plot
of the electrical resistance as a function of in-plane magnetic field angle 6 (logarithmic scale). The resistance
shows maxima at § = 90° and § = 270°, indicating in-plane anisotropic superconductivity with two-fold
symmetry in the Sn film.
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Techniques of transferring epitaxial thin films onto different substrates using water-soluble sacrificial
layers have attracted considerable attention in recent years. Those methods are particularly promising for
developing novel approaches to controlling physical properties through strain engineering, leading to
flexible device applications [1]. Also, the ferrimagnetic oxide FesO4 [Fig. 1(a)] is known for its rich
properties: high Curie temperature 7c~ 850 K, theoretically 100% spin polarization near the Fermi level
[2], and its metal-insulator transition, called the Verwey transition, near 120 K [3]. In a previous report, a
Fe3O4 thin film was transferred onto a polydimethylsiloxane (PDMS) film using Sr3AlbOs as a
water-soluble sacrificial layer, and notably, its magnetization remained stable even under bending
deformation [2]. However, the composition control of Sr:Al:Os is difficult, and the process requires
long-time immersion in water (£ 1 day), which can lead to degradation of the target functional film.

In this study, we employed BaO, which is an easily grown binary compound, as a sacrificial layer. It
readily dissolves in water only within ~1 hour. Using molecular beam epitaxy (MBE), we grew a
heterostructure composed of FesOa (thickness d = 50 nm) /BaO (d = 4 nm) on a SrTiO;3 (STO) (001)
substrate. The thin film was subsequently transferred onto a SiO./Si substrate [Fig. 1(b), (c)]. The
temperature dependence of the magnetization exhibited a peak at the Verwey transition temperature (118
K) [Fig. 1(d), (e)], which is lower than that reported for Fe3;O4 thin films on STO substrates (120 K) [4].
The decrease in the transition temperature may result from the enhanced superexchange interactions along
the direction perpendicular to the substrate due to strain release. This facilitates the suppression of
three-Fe-site polarons called trimerons [5] - regarded as the origin of the Verwey transition - at lower
temperatures. The use of BaO enabled the reproducible realization of thin Fe3O4 film properties, and this
technique provides a platform for exploring intrinsic physical properties of thin films free from epitaxial
strain.

This work was supported by JSPS KAKENHI, JST ERATO, and the Spintronics Research Network of
Japan (Spin-RNJ).
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Fig. 1: (a) Unit cell of Fe3O4, which has an inverted cubic spinel structure. (b) Schematic illustrations of the film
transferring method. (c) Optical microscope image of the Fe;O4 membranes transferred onto a SiO»/Si substrate.
(d) Normalized magnetization curve obtained at 300 K measured for the Fe3O4 membranes transferred onto a
Si0,/Si substrate. (¢) Temperature dependence of the magnetization measured for the Fe;04 membranes under
field-cooling conditions with a magnetic field of 0.04 T applied.
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For the realization of error-tolerant topological quantum computers, developing devices composed of
superconductor/semiconductor heterostructures attracts much attention [1]. In such superconducting junction
devices, it is essential to achieve both strong magnetic-field tolerance and a robust superconducting proximity
effect, as well as to ensure high-quality superconductor/semiconductor interfaces. A representative material
system in this context is Al/InAs heterostructures [2]. However, bulk aluminum exhibits superconducting
transition temperature of only 1.2 K, and its critical magnetic field is approximately 0.01 T. Conversely, bulk
Vanadium (V) undergoes superconducting transition at 5.2 K, and its critical field reaches 0.1 T. Moreover,
the lattice constant of the V with bcc structure is twice that of InAs, which is frequently employed with its
high mobility and strong spin-orbit coupling. Although V/InAs heterostructures can be a highly promising
material system, there has been no report on its successful epitaxial growth and characterization.

In this research, we have successfully grown V/InAs thin film heterostructures on GaAs(001) substrates
for the first time. A1As/AISb buffer layers and InAs layer were grown on a GaAs(001) substrate by molecular
beam epitaxy, and a Vanadium thin film (thickness ¢ = 15, 20, 30 nm) was grown in situ by electron beam
deposition (EB) and sputtering (SP) (Fig. 1(a)). As shown in Fig. 1(c), X-ray diffraction (XRD) peaks of V
{110} are observed for the samples grown by sputtering. The XRD reciprocal space mapping and lattice
images taken by transmission electron microscope (TEM) (fig. 1(b)) reveal an epitaxial relationship of
(110)[111]V // (001)[110]InAs. As shown in fig.1(d), all the samples show superconducting transition, which
depends on the V thickness. Furthermore, the perpendicular critical magnetic field reaches 1.3 T (¢ =20 nm),
while the in-plane one reaches 3.7 T (¢ = 30nm), largely surpassing the value (~250 mT) of Al/InAs [3]. The
successful growth of high-quality V/InAs heterostructure and understanding their properties are important
steps for their applications to quantum devices.

This work was partly supported by Grants-in-Aid for Scientific Research, CREST Program of JST, and
Spintronics Research Network of Japan (Spin-RNJ).
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Fig 1: (a) Schematic sample structure. (b) Lattice image from the [110] direction of the substrate taken by

TEM. (c) XRD results in all three samples. (d) Temperature dependence of the resistance of V thin films.
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Enhanced Organic Dye Degradation via Photocatalysis and Piezocatalysis Using
Sintered NiFe:O4 Nanoparticles
Science Tokyo ', Sumitomo Chemical >, NYCU *, °Xinyu Jin', Tomoyuki Kurioka'?, Chun-Yi Chen'?,
Masato Sone', Yung-Jung Hsu'??, Satoshi Okamoto'?, Tso-Fu Mark Chang'?
E-mail: jin@ames.pi.titech.ac.jp

Persistent organic pollutants (POPs) like Malachite Green (MG) are hazardous due to their toxicity
and resistance to conventional treatment. As major pollutants from textile and aquaculture industries, they
require efficient removal strategies. Photocatalysis and piezocatalysis, as advanced oxidation processes
(AOPs), offer effective degradation via reactive oxygen species (ROS) generation.

In this work, NiFe,O4 (NFO) nanoparticles were synthesized and systematically sintered at various
temperatures to enhance catalytic performance'. As shown in Figure (a), under visible light and ultrasonic
agitation, NFO generates separated charge carriers through photoexcitation and piezoelectric effects,
leading to ROS formation (*OH, *O5") for dye degradation’.

Figure (b) shows that NFO sintered at 700 °C exhibited the highest photocatalytic activity due to
improved crystallinity from thermal treatment. Figure (c) highlights the synergistic effect under combined
light and ultrasound, surpassing individual effects. These findings confirm that sintering significantly
enhances the degradation efficiency, making NFO a promising electromechanical catalyst for sustainable

wastewater treatment.

(a) (b) (c)

1.0 e 1.04< ~
@ ©ee —e—Sonification
~m= [llumination-NFO
0.8 0.8 Sonification-NFO
\\ Sonification+lllumination-NFO
0.6 0.6
[$) [$)
g S
0.4 0.4
P ®
—4— NFO-500
) o0 0.2 NFO-800 02
. 204 —o—NFO-600
OH nanoparticles 0.0 NFO-700 0.0 ~u
* OH + MG — Degradation Products + H,0 0 30 60 90 120 0 30 _ 60 90 120
Time (min) Time (min)

Figure 1. (a) Schematic illustration of degradation mechanism. (b) The influence of photocatalytic

degradation efficiency by sintering temperature. (¢) Degradation efficiency in different conditions.
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Nanostructures for Dye Photodegradation. ACS Appl. Nano Mater. 2024, 7 (8), 9777-9788.

© 2025%F [CRAYEER 10-134

SE86MIS AR RMUERME RS BEFTRE (2025 BHAFE XAF v/ &FY

¥)

10.4



10p-N303-8 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

Hydrothermal Synthesis of Bismuth Ferrite-based Nanoparticles and the Application in
Piezocatalytic Dye Degradation
Science Tokyo ', Sumitomo Chemical >, NYCU?, °Yu-Hao Chen,' Xin-Yu Jin,' Tomoyuki Kurioka,'?
Chun-Yi Chen,'? Masato Sone,"? Yung-Jung Hsu,'?? Satoshi Okamoto,'” Tso-Fu Mark Chang'*

E-mail: chen@ames.pi.titech.ac.jp

Humanity is currently facing the dual challenges of environmental degradation and energy crises. In pursuit
of sustainable development, the search for alternative and renewable energy sources has become a global
priority. Among various candidate materials, the perovskite oxide BiFeOs (BFO) has attracted significant
attention due to its exceptional multiferroic properties—exhibiting both ferroelectricity and
antiferromagnetism at room temperature—which make BFO-based nanoparticles highly promising for
applications in environmental remediation and energy conversion. Additionally, BFO exhibits excellent
piezoelectric properties, with a spontaneous polarization exceeding 100 pC-cm™ and a piezoelectric
coefficient (dss) as high as 70 pm-V~', further enhancing its potential for piezocatalytic dye degradation.

In this study, BFO-based nanoparticles were synthesized via a hydrothermal method, as illustrated in Figure
1(a). In the methylene blue (MB) degradation experiments, 40 mg of pure BFO nanoparticles were added to
a solution containing 40 UM MB and 20 mL of deionized water. The suspension was stirred under dark
conditions for 2 hours, during which a piezocatalytic degradation efficiency of approximately 2.3% was
observed, confirming the intrinsic piezocatalytic activity of BFO. To further enhance the piezocatalytic
performance, Al:Os particles were introduced to increase the frequency of collisions between the particles.
As shown in Figure 1(b), the addition of Al:Os significantly enhanced the piezocatalytic activity, resulting
in a 204% increase in dye degradation efficiency compared to the system without Al-Os. This indicates that
interparticle interactions can effectively promote piezocatalytic reactions, thereby validating the feasibility

and application potential of the approach proposed in this study.

(a) (b)
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Figure 1. (a) XRD patterns of pure BiFeOs nanoparticles synthesized via the hydrothermal method. (b)
Piezocatalytic degradation efficiency of MB dye using Al,O3, BiFeOs and BiFeO3 mixed with Al,Os.
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Superconducting proximity effect in an in-situ grown heterostructure consisting of

superconductor Al / InAs / ferromagnetic semiconductor (Ga,Fe)Sb

Hirotaka Hara'*, Lukas Baker?, Shingen Miura!, Keita Ishihara!, Melissa Mikalsen?, Patrick Strohbeen?,
Jacob Issokson?, Masaaki Tanaka'>*, Javad Shabani?, and Le Duc Anh!-
!Dept. of Electrical Engineering and Information Systems, The University of Tokyo,
2Center for Quantum Information Physics, Physics Dept., New York University,
3Center for Spintronics Research Network, The University of Tokyo,
“Nano Quine, The University of Tokyo
*E-mail: hara-hirotaka390507 @g.ecc.u-tokyo.ac.jp

Superconductor / ferromagnetic semiconductor heterostructures provide a compelling platform for both
fundamental research and emerging device applications, owing to their electrically tunable superconducting
and magnetic properties. In this study, we investigate heterostructures comprising a superconducting Al layer,
a nonmagnetic semiconductor InAs quantum well, and a ferromagnetic semiconductor (Ga,Fe)Sb layer.
These heterostructures are particularly attractive due to their capability for in situ epitaxial growth [1], and
the tunable spin-splitting in the InAs channel induced by the magnetic proximity from the adjacent (Ga,Fe)Sb
layer [2][3].

The heterostructure consists of Al (10 nm)/(In,Ga)As (5 nm)/InAs (15 nm)/(Ga,Fe)Sb (20 nm, 14.6%
Fe), grown by molecular beam epitaxy. Epitaxial growth of Al directly on the III-V semiconductor layers
yields superconductivity below 1.3 K. Using this platform, we fabricated planar Josephson junctions with
superconducting Al electrodes and a 100 nm-long InAs/(Ga,Fe)Sb channel (Fig. 1(a)). These junctions
exhibit a zero-resistance state and clear Fraunhofer interference patterns (Fig. 1(b)), which display magnetic-
field sweep-direction hysteresis and multiple flux jumps—signatures indicative of proximity-induced
superconductivity in the magnetized InAs layer. A detailed analysis of the Fraunhofer patterns reveals node
lifting [4] and even/odd modulation [5], suggesting the presence of superconducting edge-channel transport
within the InAs quantum well. This interpretation is consistent with previous studies on InAs/(Ga,Fe)Sb
hybrid systems [6]. These findings point to the emergence of unconventional superconducting transport
modes and highlight the rich physics enabled by magnetic proximity effects in superconductor/ferromagnet
hybrid structures. Our results motivate further systematic exploration of these hybrid systems to fully
understand the interplay between magnetism and superconductivity at the nanoscale.

This work was supported in part by the Grants-in-Aid for Scientific Research, the CREST program of
JST, and the Spintronics Research Network of Japan (Spin-RNJ).

[1]J. Shabani et al., Phys. Rev. B 93, 155402 (2016). [2] K. Takiguchi et al., Nat. Phys. 15, 1134 (2019).
[3] H. Shiratani et al., Commun. Phys. 7, 6 (2024). [4] C. Huang et al., Nat. Commun. 10, 2217 (2019).
[5] V. S. Pribiag et al., Nat. Nanotech. 10, 593 (2015). [6] K. Takiguchi et al., Nat. Commun. 13, 6538 (2022).
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Fig. 1 (a) Schematic device structure of the planar Josephson junction containing superconducting Al
electrodes, a III-V heterostructure of nonmagnetic semiconductor (InGa)As/InAs and a Fe-doped
ferromagnetic semiconductor (Ga,Fe)Sb. (b) Fraunhofer interference pattern observed at 30 mK under a
perpendicular magnetic field in the Josephson junction shown in (a).
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K IZWEDERFER 17 ZEK[EE (NMR) AXRT RILOEHT

Spectral analysis of solid-state oxygen-17 NMR spectra of hexagonal ice

BXEI OWL@A ME
Nihon Univ., °’Kazuhiko Yamada

E-mail: yamada.kazuhiko@nihon-u.ac.jp

Experimental and theoretical investigations of line shapes in solid-state 70O NMR spectra of hexagonal
ice, In, have been presented. Stationary 7O NMR spectra of ice Iy at temperatures from 143 to 280 K are
obtained at 11.7 and 16.4 T. Line shapes drastically change as temperatures increase from 143 and 243 K;
at 253 K and above, pseudo-isotropic line shapes appear, indicating the presence of re-orientational motions.
The Ratcliffe’s model, which involves twelve orientations and four-step jumps for water re-orientational
motions, is applied for analyzing the NMR spectra at temperatures below 243 K. At 253 K and above, it is
found that the isotropic line shapes arise from proton disorder with respect to the solid-state 7O NMR time
scale, producing pseudo-icosahedral motional averaging that can completely average out second-order
quadrupole interactions.

Figure 1 shows stationary 'O NMR spectra of ice Iy at various temperatures, acquired at 11.7 T. There
have been no reports of structural changes or phase
transitions in Iy over this range of temperatures at ;\ J{I
atmospheric pressure. At 273 K, the spectrum shows 233K f’ \ 268 K \

a very sharp peak (data not shown), which is / K‘A / \
assigned to liquid water. At 143 K, the lowest |
temperature in this study, molecular motions seem to 223 / 263 ;f ‘\.‘

be frozen. At temperatures above 193 K, the line A o / \\ww
shapes are similar to that at 143 K, but, the whole
line shapes have become more rounded and both

|

/ \

shoulders fade away. In the temperature range k‘ / \
m.‘,./

between 253 and 268 K, pseudo-symmetric line

shapes appear, which are inconsistent with the K
previous observations by Ratcliffe and co-workers. J
The pseudo-isotropic chemical shits are found to be

143 ‘f\

approximately —43 ppm. In this presentation, results

I\

of the spectral analysis of solid-state '"O NMR I/ \ / K—‘

spectra of Iy will be discussed, with particular o e

170 Chemical shift / ppm 170 Chemical shift / ppm

hasi th for th f th . .
cmphasts on fhe feason fof the presence of e Fig. 1 Stationary 7O NMR spectra of hexagonal

pseudo-isotropic peak above 253 K. ice, observed at 11.7 T.
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€35/ XT4 9 RGAIZAITTz Gd F—F Mn-Zn ferrite 7/ #HFD
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Preparation and characterization of Gd-doped Mn-Zn ferrite nanoparticles for
theranostics applications
BEXREL ', #SEXEI? RAERIOHXK &R, 2| EE? =HF RR?2
&S BXE, —W #F 3
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FHERA A —T v 7 FiE & L TET 515 Magnetic Particle Imaging (MP)I&, B HFREMET /2 15
R 1- DIEBIER 2 ALISE 2RI Lic b 0T, S5 & RS % FIUN L 72 BR D 25 = R i
o FnE LTHWS, HiaicTH ) A ZAOBELZERTHZENTE, BAMEDA A
— VU TR EBRMFFEFE T D, Lol RSO M EITFEEREO O E D & L TTFEE
T2, AW TIZZE OZEM S fFRER i miT, #7272 Gd R —7 Mn-Zn ferrite 7~/ bl 1 2 425
THEEHIT, BRI ERELFIRFICITY BT 2 AT 4 7 AT T2 iReME &2 /et L7,

AEHTIE AR BIEIC L Y . Mngg_yZng,Gd,Fe,0, & 725 K 5 ICHERRTER A ZERL L 7=, = 2 T,
BER BRI T/ NECE AL E TR 9 K 912, Gd O F—7"&idx = 0.01~0.09D [ T 0.01 %7
THI#E L7z, SQUID IZ X 2 BALIIE & U YA R L BPmiE ofigt 17 - 72, 0%, ik
(X DA DA ZRS T2 Ar FRPHACE TRERK L. RIEE1310 ~ 20 nmiZ il L7z, Gd F—7
BRI DB O%E = Em i HE 247 > 7= (Fig. 1), < OfEH:, Mn-Zn ferrite (2 Gd 21 ~7 % F—
TI D& TIREREN 1.5 5L BICHERT D 2 LM TE L, LnL, Gd R—7 5 8%l |k
728 Gd OARMBAERIND Z ETIRENWP LT LE D Z & bR &z, £7o. Uil
W CHIRE 21T 5 72(Fig. 2), € OfER., 1ERL L 72K 1 C5 COFIRMPFER T X [Fl— ORI 23
BNANR—P =T L LTHISHBNENTHD ZEN D0 o7, FkDET ) AT 4 7 A~DIE
RicHIfETcE %,
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Fig. 1 Gd R—7"&RHI D5 = @i i Fig. 2 Gd F—7 Mn-Zn ferrite ¢ F-ilik R
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R E MOF D =RuiiiHEC AL & NMR ~ D5
3D magnetic alignment of target-adsorbed MOF and application to NMR
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FFPRI', Tokyo Univ. of Sci.2, NIMS?
°Ryosuke Kusumi', Maho Ikeda®, Masaaki Sadakiyo?, Noriyuki Hirota®
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BRI (NMR) 0 BEIZBARI LA B W TR A R 2 ff Ty —LTh H, NMR IERAE - &
- EE7e EH DD DR TORENATRETH D25, AT Vi b JFRELR A H AT EE 72 17 i &
SR A R D EE Th D, HfEH NMR EIHMEFEY 7 FEIXLO LT A CHAEEHOR
FTtE~D7 72 2% wEeL L, BFEEY OEFEEICOWTORERER (k7 b vy
NI E) T 5, FEROTERIZ. PLHOEHK - B 2R NMR TIRIREREETH D, 7272
L. —fRICZ ORI LB RE) 7 — 0 OBAFICIEE mm A RO BRSNS TR S, LA
IZZ LV, ZOTRESBLA T O NMR VE D CIEd R 24 pm VA XICE TR TE 2 6 0D, i %
DA ERITHFER THDINEND L, £ ORI TIL, @RAHEER (MOF) 0BT
A M BIRGEYEICAE B L, ALY 2 WAE S 72 MOF % = RochRl M o NMR I35
Z LT, ERORR L RIS T N T VRN S 2 & Rk,

Fig. 1(b)lX, 7 = =/LR AR B (PPA) & W5 SH 72 Zr 5 MOF (MIL-140A% : B C2/c,
Fig. 1(a)) Oy K% UV LB S E, 13 T IS TR O LR > (40 rpm T 180°[H]
RS 1 sF IR AMR D IKT) ZHIIN%ZIC UV IS L TR L EAER (MOMA) @ X #rEHTE T
Hh, ARy MROEFFREEO b D L & biT, TORBE AL — 3 X O ARFH RN U TE
bT 28F B S N7z, 2 OREHRIT PPA g MOF 28 =IROCAICELM L TWD 2 & 2R LT
%, R MOF WIZ T, PPA ZpFIEFF MM AAEM 2 CHAIE L < B L2 B THRE ST
Do LIZR-o T, fF b7z MOMA (2 DWW THfGAA NMR JIE 21T 21X, PPA DfbLF2 7 b T
NERETEHITTTHD, YHIZEDFRIZOWTHHET D,

(a) L (b)

3 \ X 1 N
| > XI \/VX2
Fig. 1 (a) Crystal structure of MIL-140A and (b) X-ray diffraction patterns of the MOMA of PPA-

adsorbed MIL-140A obtained with the X-ray impinged along the y> (left) and y3 (right) axes.

2k : 1), R. Kusumi et al., J. Magn. Reson. 223, 68 (2012) & 373, 107853 (2025); 2), V. Guillerm et
al., Angew. Chem. Int. Ed. 51, 9267 (2012); 3), M. Yamaki et al., Jpn. J. Appl. Phys. 51, 010107 (2012).
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Magnetic Alignment of (Y:i-.Dy.)Ba:CusO- under Rotating Magnetic Fields
REEWMEERE CARBEF, SBUAAN AINAySRE—FEIT—Y,
FT—ARLNIRET 249, S
Kyoto Univ. Adv. Sci., °F. Kimura, F. Fukuyama, K. G. P. P. Kahagalla, M. A. Ahmed, S. Horii
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MEFO SIS T2 FE NSRRI TON TV D, Y123 IRRIRERIRFE (77 K) CHIRENE &2 7R~
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CaCO;@Fe,O; A HIF & PLLA MBS S/N\A4 T v KT 4 JLLDEME
Orientation of hybrid films composed of CaCOs@Fe203 composite particles and PLLA
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WA, REMEEZ ZE L IRREAMMEIOBBENEAL TN D, ZORTHAGMREELET 5
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Magnetic Properties and Martensitic Transformation in
Ni-Substituted MnCoGe Prepared by Reactive Sintering
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Ferromagnetic MnCoGe alloys exhibit a martensitic transformation from a hexagonal NixIn-type
structure (P-phase) to an orthorhombic TiNiSi-type structure (M-phase) above room temperature. For
obtaining the magnetostructural transition, the martensitic transformation temperature of MnCoGe is
controlled by element substitution [1] and heat treatment [2]. Recently, we found that the preparation method
also affects the martensitic temperature of MnCoGe. When MnCoGe was prepared by reactive sintering, the
martensitic transformation disappeared [3]. It is pointed out that the disappearance of the transformation is
due to the distribution of voids and precipitates.

To suppress the precipitations/voids and recover the martensitic transformation, it is important to improve
the phase stability of the MnCoGe phase. In this study, we focused on the Ni-substituted MnCoGe because
antiferromagnetic MnNiGe shows similar crystallographic properties to MnCoGe. The magnetic and
structural properties of Ni-substituted MnCoGe prepared by reactive sintering were evaluated.

MnCoGe, MnNiGe, and MnCo1.xNixGe were prepared by reactive sintering method. The solid-phase
reaction was performed at 1123 K for 48 h, following slow cooling for 24 h. X-ray diffraction (XRD) was
performed to evaluate the structural properties. Magnetic properties were evaluated by SQUID magnetometer.

The XRD patterns indicated that MnCoGe was the P-phase with few impurities, and the martensitic
transformation was suppressed or disappeared. Meanwhile, the diffraction patterns of MnNiGe showed the
M-phase with lattice parameters a = 0.603 nm, b = 0.375 nm and ¢ = 0.708 nm, which was consistent with a
previous report in which samples were prepared by a melting method [4]. Therefore, it is suggested that Ni-
substitution stabilizes the M-phase of MnCoGe. In the presentation, we will show the magnetic properties

and microstructures of Ni-substituted MnCoGe.

[1] S. Lin et al., IEEE Trans. Magn. 42 (2006) 3776-3778.

[2] K. Noguchi et al., J. Magn. Magn. Mater. 499 (2020) 166199.
[3] T. Tsunematsu et al., in preparation.

]

[4] K. Xu et al., Sci. Rep. 7 (2017) 41675.
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Evaluation of magnetic energy of the pure iron using high temperature magnetization
measurements and magnetic field dependence of a-y transformation temperature
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[1] J-K. Choi, H. Ohtsuka, Y. Xu and W-Y. Choo, Scripta
mater. 43, (2000) 221-226.

[2] Y. Zeng, T. Mittnacht, W. Wemer, Y. Du, D. Schneider
and B. Nestler, Acta Mater. 225 (2022) 117595.

[3] R. Onodera, K. Ohtake, K. Takahashi, S. Kimura, K.
Watanabe and K. Koyama, J. Japan Inst. Met. Mater. 80
(2016) 186-191. Fig. 1 Temperature dependence of the magnetization

[4] AT Dinsdale, Calphad 15 (1991) 317-425. of pure iron at hlgh magnetic fields. The solid lines
show the experimental values, and the dashed lines

100F

Magnetization, M [Am /kg]

W
(=]
TTTTTT

ot it
300 500 700 900 1100 1300
Temperature, T' [K]

show the calculated values.

© 2025%F ISRYEE S 10-065 10.5



8a-N303-8

© 2025% [EAMEER

SB86E LAY EE

\) = 7 BN B [l Bx T 5 ik 35 PR EC 5 B D R 1518 R D B A
Attempt of increase in B on permanent magnet arrays for linear-drive type MRF
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1. Introduction

Magnetic alignment by modulated rotating magnetic
field (MRF) enables formation of triaxially aligned
microstructure of a substance with triaxial magnetic
anisotropy. Recently, our group has developed the
linear-drive type MRF (LDT-MRF) equipment with a
permanent magnet array [1,2], and MRF is generated
only by reciprocation motion of the magnet array. That
is, motion of samples and rotation of magnets are not
required. Figure 1 shows a schematic of cross-section of
a conceptual magnet array with magnetic flux
distribution calculated by the finite element method
(FEM). The most essential point of the magnet array is
the presence of two different regions. One is a region in
which magnetic flux points upward or downward
uniformly, and the other is a region in which direction of
magnetic flux is changed from upward to downward or
from downward to upward. During the reciprocating
motion of the magnet array, the two regions lead to the
generation of static field and rotating field at “A”,
respectively.

However, within several magnet arrays our group
produced, their magnetic flux densities (B) at 2mm in
height reached 0.9 T at maximum. The improvement of
B is one of the issues for practical use of LDT-MRF
system. This is because magnetic orientation energy is
proportional to the square of B and the increase in B
leads to the reduction of required magnetic anisotropy of
a material for magnetic alignment. In the present study,
to obtain directions on the magnet array with higher B,
change in B was investigated as functions of several
magnet-related parameters by using a fundamental
magnetic circuit.

2. Experimental procedure

Figure 2 shows the fundamental magnetic circuit
used in the present study. Four different parameters are
prepared, magnetic material “Z”, its width W, air-gap
length G and height H. Nd-Fe-B permanent magnet,
iron (Fe) and joint of Fe and Nd-Fe-B are used as “Z”.
Magnetic flux densities at # = 1 and 2 mm were
calculated by FEM (software: FEMM) by changing
values of G (G =5 and 8 mm) and W (W =4, 6,8, 10
and 15 mm).

3. Results and discussion

In Fig. 2, the magnetic material “Z” accepts magnetic
flux lines from the two transversely magnetized Nd-Fe-
B magnets, then needs to release them to Fe of the top
array. When Z = Nd-Fe-B, W =10 mm and G = 8 mm,

the B values are 1.17 T and 1.31 Tat H=2 and 1 mm,
respectively. This means that higher B is obtained when
the sample position approaches to the top plane of the
bottom array (decrease in /). When we focus on the
effects of Fe as “Z”, the increase in B was observed for
W= 8 mm or less in the condition of =1 mm and G=
5 mm. It is qualitatively explained in terms of the area of
the top plane of “Z”. Number of magnetic flux lines
provided by the two permanent magnets is constant. If
“Z”=Fe, which is a “soft” ferromagnetic material and is
not permanent magnet, B is directly affected by the area.

In the present study, details of dependences of B on I,
G and “Z” at different H will be shown. We discuss the
direction on the design of magnet array for triaxial
magnetic alignment based on results obtained by the
electromagnetic simulation.

References
[1] Horii et al., J. Cer: Soc. Jpn. 126, 885 (2018).
[2] SHH, IHER 89 (2020) 715.

|, EREEED \|

\w f/@%\\“/// =~z
l C< <

////'l\\\\\ =7l \\\@//——h\\\

Fig. 1. Cross section of the conceptual magnet array.
Magnetic flux lines are also shown.
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Fig. 2. A schematic of cross-section of the fundamental
magnetic circuit. “Z” means magnetic material, Fe, Nd-
Fe-B or joint of Fe and Nd-Fe-B.
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