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Magnetic properties of Y203 nanoparticles
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Fig.2 Magnetic field dependences of
magnetization (M-H) of the starting powder
and the milled sample(1h).
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Fig. 1 Magnetic field dependences of
magnetization of MoOgz nanoparticles
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Magnetic properties of ZnS and ZnSe nanoparticles
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magnetization of the starting powders (a) and

KX HEHT (XRD) #I7E. RIAIKRE D HE the milled powders(b).
D 7z D ICERBHAGEEE TS (FE-
© 2024%F [SRYEES 09-068 10



19p-P06-4 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

BB I OCEAAR T OREFHEANTICIT 5180 A B Hall #523%
Inverse spin Hall effect under simultaneous injection of electron and hole spins
BrRBEEE T WA BoA
Saitama Univ. M. Sakai

E-mail: sakai@fms.saitama-u.ac.jp

ME  mBIEAE & IERNET B AR— T EER OB S & B MERYIAUE, FERETEM O BT I
BENE EALBROAH THL D, AV UVAEBREOFIAAZLI K E I, ETOAE &
IEALDO AV R FERHCEE-3 5, FATHFE Tl FEREMET » ER—Z @R (N) & 2 DO iR 8
(F) THeA T2 —HA~T il FINIF 2B 1T 5 A v &R R BN 7 (spin-coupled interface voltage)
DOXRAXZEH LT-[1], AEFEHTIE, ZO~T 2 f#ENEEOA L FOEXEZEH L, E1AY
YR EEEAA RO FE GO T #AENCT D, LT, TRHLOHAE Y Hall ZhRICK
Hall it F20a 8 H L, Hall-bar 31 &1 - 72l E s 5L [2] & fighr 4 5.
BEFE Nl (Fryxrk L &, F—MEomBrEeBEIC L > TR, F ok S
I LIRMEE A B D A B AR AR TH o REWE L, FIN REICEDF v U PEELA Y U6
T\ O LT 5, FHRTIL, BREE, AV UABRBEORNVEE, AL UIUKFELIZER
{LFRT 3 /’(/I/E(l) (i =1 (electron), 2 (hole),v =1,1) 23, ZAE4 FIN Fmlciow CEfGEIIC
ZAbT D L Liz, A YL Hall BFLOEHEIL, R EAKGEEREE JOR, 2 U ikFBERmEE
oD mfioT, JV =—(1/g)grad e? e ko THZBNDZ LAV, Pk, BT ¥ %
VI (x5 m) DIRMMEAFT D & LT,
HRLER 250 F HEKOBILAEWIZFEAT (1) RHE)BLORFEAT (1)) R(E)ZREEIZOW
T, T2 e Hall JiFLoRRIILLF o & o IcEH Sz

tan@

L
>, ——tcsch +cosha + cosh
R(E) = 2p p_NG_ {’( ?; 1&)

c
dN ) Zl(coth{, +csch{,) -

ZZ T, JE X FIN R OERBEE.  J 13 N BEBROBREBE ., x 1XEIR Y — AEMm) O OFEEE,
FREO X ¥ U v A ARG, r 13 F O 2 2 UKHT, py (3 N fEB O it IZN
nﬁfﬂﬁ@gé\ ;1 N EIROD A B ARSL, £; 13N SO 2 v AEER, 6; | nﬁiajmx £ Hall
ATHD, 1 BEOFY U VIH L THMORTVARRICENT, $+ U vOr#ME£IHE S
X UYL HEMICAFT2RATH D, ZoRUTH LN T, STIRR]OBIEH T2 552
%, CHR[2)CIE. F SEIIC A THER SR 7 = U BEMER ThosFeosr 2V, N 3k (Frv L E
L=80 um) (& ¥ — IEALMESRE YH 2> T\ b, x = (1/4)L,(1/2)L, (3/4)L @ 3 i THELHI
EN7- Hall i a2 Lt oRRUTH & SV TIT L2/ BT, S s T 5,

[1] Y. Koinuma, S. Hasegawa, and M. Sakai, J. Phys: Condens. Matter 36 (2024) 135806.
[2] K. Sato et al., Phys. Scr. 98 (2023) 045912.

© 2024%F [CRAYEER 09-069 10


mailto:sakai@fms.saitama-u.ac.jp

19p-P0O6-5 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

A EFLBGELIC K DB &R DR & 2 1 7o A B Rk
Spin transport in ambipolar metal undergoing the momentum relaxation due to electron-hole scattering
BrRBEEE T WA BoA
Saitama Univ. M. Sakai

E-mail: sakai@fms.saitama-u.ac.jp

e WESBEERICRESNAOMR LT v ER— T HRER TR, A Y UEMORR &
LT, AR ED B 5 A AL OEBE - EABEEZ, —FH, EE#EHFEMmE L Tr7+ /v
RNMHHEAEBES D L. EWHERE— R EBROF 5E— RO 2 FEOEA A Y £ — MG
551, 512, Elliott-Yafet (EY) <> D’yakonov-Perel’ (DP) 72 & A v #EMAIEA (SOI)
ENLIEACUAEMEBET S5 L, BROBEANE— KO R YU PRHEREE @ O F B4R & H
FREDEIZE 535 < [1], SO T X D A B UM TE 2\ 0o T, Ll E T, (KR (2K)
\Z331F % BiogsPhoos DA B UPLHLR (230 um) [2] X° YH: OFER A KR (40 pm) [3]% @i
TERV, RUFETIE, ABUFEME LTHES EY BS° DP A SOl # & E L, EEEEMmE L
T, 74 /v« REELICINZ T, MCAY U RIEDEF—IEFLEEL (Baber HEL) . 38 L OUE
IRHAE VA LEOE - FEALBELEBE L T, AV UVEEDBEAEE— RERDT,

FHE 5 Boltzmann HRERIE. EF & B 2 OO, A DH EETE%)JDZ?‘: 4>
DOIFFRADP GRS N D, RS HEICIIE T — EILBELEA H 5700, T IRy e
X THHN, AR TIIHAHFIEC L ST, T742bb, EXEEENEMRETEIA 8 2 72
BEREIREAE R[4 —B T 5 L o lT, WmREICKT aEMmERIE R ORX AR DT, #RIE LT
Bmmmmﬁ&ﬁewvxm@e4@@@@%@&@#@@%%&%n@J$%¢2 n Pz B
5@jFU7kmﬁﬁ%ﬁﬁ%%méo::?Jﬁ§\ZE%JtﬁﬁyxEVJu&v/xtV
Th b,

MRLEBE EHREICBITLAYE— FOEAMH 2R 2ESONLB8. 205 HD 1M

1 1 1 1 1 2 4(1-0,0,)
B e
)" =20, * o oD o) T oo
Thd, TIT Dyp FEME LI~ OEBRAEFFIC S & 5 HLBIRE, P 13, SOl iz &
%A AR T 5, 0., 1TEE LI EB Rk ET 2R TH L0, BT 1-0,0,
ISR OBJOF KA LT, BasxEFARmmt%2 "3, Frl2, 0,0, =1 TIE (k)?>=0
L0 A AR 1/|k_| DERKTHD, £, 0,0,>1 OHFATIH. (k)?2<0 &0,
JEMT A BRI EL |k_| CZERIRICIREY T 5,

N

[1] M. Sakai et al., J. Phys., Condens. Matter 34 (2022) 055801.

[2] K.-1. Lee et al., Phys. Rev. B 79 (2009) 195201.

[3] K. Sato et al., Phys. Scr. 98 (2023) 045912.

[4] P. F. Maldague and C. A. Kukkonen, Phys. Rev. B 19 (1979) 6172.
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Splitting of excitonic emission spectrum due to charge fluctuation of Fe in
Fe-doped CdTe/(Cd,Mg)Te single quantum well
FRKRBEYE L, ONRS Néel B2 CFBEK', FR@EN' H)IEE'
H. Boukari2, L. Besombes?, RH K&

Inst. Mater. Sci., Univ. Tsukuba !, CNRS Institut Néel 2
OK. Fukaumil, K. Hourai!, M. Kogawa', H. Boukari?, L. Besombes?, S. Kuroda®
E-mail: s2320369@u.tsukuba.ac.jp

1. Introduction *FE{KET Ky NNICEBRESRR 2N L2 RICR LT, B—HERFA e
OFENIEE M EFE > TS, T E THx X CdTe HEIEK K~ FSAD)NIZ Cr i+ 1 il &5
LRIZBNT, BEFRAEOHUELBE L TRy RO~ Cr ALV OIRBVEH LML TEL
[1]. & DI TIX, CdTe/(Cd,Mg)Te H—&1H 7 (SQW)IZ Fe ¥ L7-alkHzk\\W T, H—
Fe A& DOIREWEZFHXTUWA[2], CdTe/(Cd,Mg)Te SQW (ZEBW T HI3H FEEofm S &
W2 E D FERTITHE S L, £72 SAD &5‘%7@& DIFEMEE A ERNE WD B a2 A+ 5, RiElo
WETIE, B—Fe AV EOFAEMAICE D 2R LTt 7R AT vzt L, 5T X
B AT RV OZEAES K ONE M ifzpﬂm BFEDOHMEIZ LD Fe A B L RRBODE & Ll
it L72[2], & lEl. [F U Fe #¥0 CdTe/(Cd,Mg)Te SQW (28 W\ T, [ L & S IcHZ LIZBIRE =~
L7225 pf’%{ﬁj‘z% DRI D ART " ERHE L, FOHZDERE LT Fe A 42 DOEMm D
?%%%[3]7&%;’3 L7=DT, ®ET 5,
2. Experimental FUEHI Y F— B4 % 2 —(MBE)EIZ L - CTEHRL L 72, GaAs(001)F:A4k -2 CdTe
buffer &z 41 L C,CdTe/(Cd,Mg)Te &= 2 fiJ@ L 7=, CdTe HF/E/EIL 3ML £721X4ML & L.,
B (~0.7%) D Fe ZHh L 7=,
3.Results Fig.1, 2 (IZH 7 E/E 3ML & AML OFLEHZ 1T 5 R AT R L & BRI FEZ =T,
MR L 91, 24K LEORIEEBRELEAD 90° Z & DIEHRICENRTIN ANED D &V ) [
FFHEE R LTV D, ZiUE, BilElHE Lz — Fe AV L O E/EMIC X 0 58 L7250k
BETR > TRY[2]. LLENCHE S 7z Cr #shN CdTe SAD 128\ C Ky MMEBI u%a“é Cr
A K DEBEMIED X DRBEZT TR AT SAVRBlEURHME R LTS, T7hbb, Ny
NEFFICALE S D Cr A AU NI X ARSI E 72V LIEAL AT 5 2 & CEMD
?%%%?‘75?% C. Ry "EOE =R X —|Z8ET 52 LT, BHEANT MUIHHEBAET
4 [Al, CdTe/(Cd,Mg)Te SQW TEIHI S 4L/ RN A7 hb, CdTe H T EAMNIALIET D Fe A
WZIRAEED A B = XL TEMELENEL, HHELEbOEEZLND,
Reference
[1] A. Lafuente-Sampietro et al., PRB 93, 161301(R) (2016).
[2] ZRkfh 25 71 (5] SR RWE Y BEFEFNGEHS 24a-71B-9.
[3] L. Besombes et al., PRB 99, 035309 (2019).
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Fig.1(a)PL spectrum (3ML well)
(b)The dependence on the
linear polarization angle
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Fig. 2(a)PL spectrum (4ML well)
(b)The dependence on the
linear polarization angle
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Bi (Fe, Co)Ox [TH [T HBNESHDOERM T T O—F
Theoretical approach to super orbital splitting in Bi(Fe,Co)Ox
EHB', ®X? EiX®’ #HEXY CFE #t' HE oMY KB B
AIST.!, Tokyo Univ.2, Tohoku Univ. 3, Nagoya Univ. , ° T. Fukushima', H. Shinya®, H. Naganuma

E-mail: t.fukushima@aist.go.jp

Multiferroics are expected to find applications in next-generation electric devices such as
electric-field-driven nonvolatile memories and ultrasensitive magnetic sensors, by utilizing the
magneto-electric (ME) coupling combined with tunnel junction structures. However, obtaining a large ME
effect at room temperature remains a challenge. It has been reported that a colossal interfacial response
(CIR) appears at the interface of the multiferroic Bi(Fe,Co)Ox (BFCO). While cross-sectional structure
analysis revealed the formation of an approximately 1 nm thick oxygen-deficient BFCO layer at the
interface, the magnetic structure and the origin of the significant CIR remained unclear. Therefore, in this
study, before delving into research on the interfacial BFCO layer, we conducted the first-principles studies
for the magnetic properties of oxygen-deficient bulk BFCO

First, the spin structure of the Co atoms in BFCO was investigated by using the LDA+U method on the
basis of the VASP code. It was found that the Co atoms are stable in the high-spin state regardless of the Co
concentration. We speculated that the origin of the colossal response for electric field in BFCO is related to
the oxygen vacancies. We performed the exhaustive calculations for all possible arrangements of the
oxygen vacancies in the supercell by supercomputer Fugaku and investigated their formation energies and
stable magnetic structure. Our calculations indicated that the colossal response is caused by complicated
orbital splitting due to the Co doping and O vacancies. In this presentation, we discuss the detail of this

complicated orbital splitting.

Reference

1) H. Naganuma et al., “Increase of Fe moment of BiFeO; in Co/BiFeO3/LaSrMnO; tunnel junctions”
(Presentation number: 9p-PB1-38) 9™ March 2019.

2) H. Naganuma et al, J. Appl. Phys., 109, 07D917 (2011).

3) S. Yasui, et al., Jpn. J. Appl. Phys., 47, 7582 (2008).
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Temperature dependence of the spin transport in a vanadium dioxide thin film
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A B ORI & OIS OSSN L ERAI R Th 5, Wb TP A
(VOYFIREDLEAIZ K - THIE I 2 S DG D &b % 1 O @R MR AEE (MIT) 2 <371,
ZAUT VO, R TO A B U DSEER TE AU A EUREBWICHIET 5 N TE D L E

BT 5, BIGAE Y b= ACBITHAE VAL v F2EHTLFEE LT, VO, O MIT
ZRIALOREICL > TAE VAT 2EA A > T2 Z AR T /S ZADBIRB IR TX 5,
2L TN ETIZ, PUVOINigoFen O ZJERABI AR L, AR T 212 AWZ A
ALY, VO, M T A & ik % Rk L
72[3]. ASHFZE Tl PYVO,/NigoFez D = JE i
AREHZ BT 2 A B Uik R D . VO, R
M, BLONREKRFELZ I T2 2 & 2 H
e Lz, Al

Fig. 112 VO, DEE ) 60 nm 35 &2 10V80 nm @ 0s
B 300K (2351 % gRpg LI (FMR) A~ 2
ML EEENFEE T, ZUENOBEED
ISR R (HewR) FHLIC BV CRES 28 o
R S hre, BUBHE A 2 k9 2 E i SR O F - 'WOH'SAOHFL(&) A 'WOH'S-DH;H o0

M 0)D RO S =@ oo Fig. 1. FMR spectra at 5 GHz and output voltage
properties at 300 K of the tri-layer structure
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respectively.
DEHL THOLNDEE)ORMEL —ET 5

[4], L7=72%> T Pt/VO2/NigoFex D = BRAEHI BT A B Bk 2 2k L7z L ik S 72, & 51T,
BT % 300 K~355 K D T2k &/, VO, ® MIT IR Fi#: CORE ) DZE(LZHIE L.
MIT (2 &2 A B s FHE~ OB A RE LTz, FRRIIINIFEOFEIC OV Cim T 2.,

[1] S. Wall, et. al., Science, 362, 572 (2018).

[2] S. Mizukami, et. al., Phys. Rev. B, 66, 104413(2002).

[3] T. Nishimura, F. Kishi, S. Yamauchi, T. Kanki, E. Shikoh, 2023 IEEE International Magnetic
Conference - Short Papers (INTERMAG Short Papers), Sendai, Japan, 2023, pp. 1-2,
doi:10.1109/INTERMAGShortPapers58606.2023.10305026.

[4] E. Saitoh, et. al., Appl. Phys. Lett., 88, 182509 (2006).
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Electron spin transport properties of semiconductor superlattice barriers
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By 77— 10T ZHWemEFRESORBRIC L D | HHEER DR E R EL DR
Eleo TS, 2T, RICEDERBELBE AL DIERRFFAIKHEE I TITO N

BAE UERAENER SN TWVDHL], 2 TH AR X A 4 — R(A Y LED)IX, &
F A NARMD N T A AT L, ERICHHEDRIRESEESFMETIE, EFA Y RO
BLZ QEIAENEE A~ IC Kb D[2], £ 2T, EAREKE N T EHWEE %x
EUIEICEH Lz, BTk, EFORFRAFIMAT 2 2 & TR AR AE REF L7208
T A B & R T X 53], AWFZETIE. GaAs/AlGaAs B /NU 7 DE AL /ﬁguﬂéfl%‘c
% . LED Bh{ERE & RAROE RN T CT7 4 M IR v APLRIEEIT Y Z LI XV L7z,

B4 1(@)IZFlBHEE & RER DN PG LR T, #BHE p-GaAs(100) Mk izt U 7 &
GalnNAs &1 K> & &1 LED #iETH Y . HET13 n-AlosGag7As 5 nm/GaAs 5 nm % 6 J& H#fifdk
ViR U7z, JIEITITE AR DR 3L X —CoOBEREIMARE PL 2 HVv, | TIT->72,

X 1(b),()CEMEE+40V ORI TR T R L ¥ —4 1.72eV L 142eV & LT L EDEF R
v FOMREYE PL A7 hv & PL F{REE(CPD) & k9, & 2 C, CPD (/A4 MR PL O E
tbEERZRL, & Ry NOBEFHENICEIT 2 AV U RREL WS 5, ¥ —%&7 K
v NEEED GaAs @& it 95 1.42 eV b, BTN U 77 O Alo2GagsAs &1F 7 Z ikt 3
%172 eV IZBALEED L, 20% % 2 5 @0 PL FRGEE Z24EEF L7223 B PL ST R & < HER
L7c, ZOfEFIE, ERAMF CTEWA Y ARBE R LR2DBOE AL BB T 6
B Ry MEEEASN TS Z L2 R LTS,

I T |
Fe 10nm ot exc.
/Mg g0 3nm 3000 {
——— Growth = 72”
n-Aly sGag sAs 50 nm direction S 2000
£ 10
i-Aly ,Gag ¢As 20 nm £ 1000 o
. = 9 0 2
° Circularly < 4000 _ 30 S
GEL @ polarized & (c) GaAs e;?]'_ <
[ ] luminescence g 3000 20~
2
£ 2000
=
B 10
. Gl 2N A6, Qb sn, . 1000
-— Growth
- p-GaAs QD direction 0 0
Cu plate S 0.9 10 1.1 1.2
P Energy ., e
= Photon Energy (eV)

Fig. 1 (a) Schematic image of sample structure with a conduction-band structure. Circularly polarized PL
spectra and corresponding CPD of GalnNAs QDs with excitation energies of (b) 1.42 eV and (c) 1.72 eV, at
an applied bias voltage of +4.0 V.

References:

[1] P. Dainone et al., Nature 627, 783 (2024).

[2] K. Etou et al., Phys. Rev. Appl. 16, 014034 (2021).
[3] S. Hiura et al., Appl. Phys. Lett. 114, 072406 (2019).
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Observation of drain current in carbon nanotube transistor with magnetic electrode
for organic spin transistor
AKXDAME!, AKBRI? WPI-I2CNER?, CRJI #—8', Bk E# >3 BE B8,
IWTF WAT, &% '

ISEE, Kyushu Univ.}, Grad. Sch. Eng, Kyushu Univ.2, WPI-I12CNER, Kyusyu Univ.?
OYuichiro Kurokawa?, Naoki Tanaka?3, Masafumi Inaba!, Naoto Yamashita®, Hiromi Yuasa®
E-mail: ykurokawa@ed.kyushu-u.ac.jp
[Introduction] Spin transistor is one of candidates for transistor in beyond CMOS generation. To
realize the spin transistor, the spin current needs to inject in a semiconductor. Here, the spin current is
easy to decrease in the semiconductor with high spin orbit coupling. Therefore, the semiconducting
carbon nanotube (CNT) is a promising material for the spin transistor because the spin current
scattering is weak in CNT (spin diffusion length: ~ 2 um at temperature T = 0.25 K) [1],[2]. In this

study, we investigate the properties of CNT transistor with various magnetic electrodes.

[Experiment] We fabricated the thin CNT film on a thermally oxidized heavy doped Si substrate
using a drop cast method. The magnetic electrodes and CNT patterns were obtained by using a
photolithography. Thermally oxidized SiO, layer with a thickness of 200 nm was used as the gate
insulator. The FegCo10 or Gd were used as electrodes. The properties of CNT transistor were

measured at T = 298 K under the gate voltage which was applied to the back gate on Si substrate.

; 0.02 -
[Results] Fig. 1(a) and 1(b) show 16 Eioctrode FaCo Electrode: Gd
the drain current Ip as a function < 12 Vgp = 1V | 0015 ‘
of the gate voltage Vs for the CNT 2 0.01

[m]
transistors. The ON-OFF ratio and 4 ‘ 0.005
the Ip of CNT transistor with 0 0 Vep =5V
50 25 0 25 50 50 25 0 25 50

FeqCo1o electrode is higher than

Vs (V
those with Gd electrode. It is Fig. 1 Drain current Ip as a fur%tgon)of gate voltage Ve at T =
295 K for CNT transistor with (a) FesoCo1o and (b) Gd
because the Gd has the lower work electrode. Insets show the source-drain voltage Vsp.

function than the FegCo10 [3]. The

drain current of CNT transistor with FeqCo1o electrode successfully modified by gate voltage.
[Acknowledgements] This study was supported in part by the JST, ACT-X Grant Number
JPMJAX21K5, Murata Science and Education Foundation, and Iketani Science and Technology
Foundation.
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Evaluation of the spin transport properties in organic molecular films using the inverse
spin-Hall effect in a transparent conductive film as a spin current detector
KERAKBEL ' CM2) #)IAF ', (M) ILEREE' M)BREAN' FAER' HFExE'
Osaka Metro. Univ. Eng. ', °Yuri Matsukawa', Shouki Yamada', Keito Takamatsu’,
Yoshio Teki', Eiji Shikoh'

E-mail: si23502v@st.omu.ac.jp

Microwave

AV PR =7 ATBWT, A PRI ISR T
FTHEINTWDHZ b, BE@B LR L TAY
B (R AN & < A B VRO BGRE M2 DIV &5 x
2 BTN, IVECHA REEY THENCBOCH s 7
A AR L DAY Uk OER A mE ST T
W5 [1-3], ETo. A FHENIDZ ST 2 2 LT,
BRRELZH O v U 7 HAEINS T EE LA L
TW5, ZOFREZ FHWIAZIT LD A B 3o filiEn
FIA®D % 5 %ﬁ*& FTFMEIORET) T 3?)%5 AHFFETIE Fig. 1. Schematic illustration of
St & ALY ICHRE T A2 25 HHHEE % our sample structure.
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T = RGBT D A B ik O FERE & T O KPR & 3 (a)
HROE Lz, ZHvE TICRBROBEMEGIC 35\ TR E Hpmr = 382 Oe
@@me&7%w@ﬁ@@ﬁﬁ TA B kR £
B BN L 72RF R 2 A8[4], BRREREME A3 A B0 R — y | Ak
JVZhH(ISHE)[5 %%wfﬁﬁbtﬂniﬁw 3
RFXNyﬁ)/7E HRPOIBE SR, BT B 7K 8 |0=180dee
<
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VERL L 72, NisoFexo JE D FMR FIfEIC LD A VR B (b)
2% JAWT PTCDA JEIZ A ¥ Ui Z1E A L, PTCDA J& %
s L2 A UHIE ITO B CTISHE Ik~ TilEEE & L
TEMIND, ZORENZBNTEXIIA L Vs
FELE 725, FMR OFSEIZIZNZ bV Ry NU—27 T F
T A W BARERICTN D @ B BRI X D e E R
L. EBBAIZEAERAEH W, o, EEHOUE
WX A s A= BV, 4 e
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Experimentally realizable topological chiral edge spin wave on magnonic crystal
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Topological materials have gained significant attention due to their unique physical properties,
including topologically protected edge states that allow for lossless propagation of currents or spin waves.
These properties have the potential to impact information storage and transmission technologies. Although
topological magnons have been demonstrated in various quantum magnets, direct experimental observation
of edge modes remains unachieved. Most proposed topological magnonic crystal structures have been
difficult to create experimentally [1, 2]. This study aims to observe chiral edge spin waves in
experimentally feasible structures and explore the conditions for realizing and detecting topological edge
modes.

Using micromagnetic simulations, we analyzed the topological properties of magnonic crystals,
extending previous structures where four bases constitute a single cell. As shown in Figure 1, this shape is
distinguished from former studies in that decorated square-lattice model is rotated by 45 degrees. The side
of triangle ranges from 20 nm to 120 nm. Cobalt was employed as model parameters for simulation.

Results confirmed the formation of distinct bulk and edge modes in magnonic crystals. A
unidirectional mode was observed in the edge modes, indicating a topologically protected state. Analysis of
the band topology showed non-zero Chern numbers. Additionally, we examined the dependence of band
structures on external magnetic fields and pattern sizes, which enables to control emergence of topological
edge mode. This finding clearly indicate experimental feasibility, thus increases the potential for

magnon-based information processing technologies such as spin current splitters, and waveguides.

A N oA N
NNV

A N 4 N
NN

[Figure 1] Figure of the proposed magnonic crystal design with four unit cells.

[1] R. Shindou, J.-i. Ohe, R. Matsumoto, S. Murakami, and E. Saitoh, Phys. Rev. B 87, 174402 (2013).
[2] J. Feilhauer, M. Zelent, Z. Zhang, J. Christensen, and M. Mruczkiewicz, APL Mater. 11, 021104 (2023).
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Wall material dependence of the magnonic band gap in magnonic crystals
REXE, CMORKERK, AORE ERER
Fukuoka Univ. °T. Matsunaga, T. Horaguchi, and T. Manago
E—mail: sd241009@cis.fukuoka—u.ac,jp
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EB oz, NV F XXy TORLREEROREMIZ, Co EEEIC X - T MC O FEHEfIfGL o #EKICik
W+2eE21b6N35, Fv v TEBEAKDFERICONTIE, TORZEREILETCHL, INLOLDFEICK
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Wall height dependence of band gaps in magnonic crystals
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Spin wave measurements of YIG thin film deposited by MOD method.
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HIRTRE7R YIG WIEOMERUC R T LT, FEROAE VT A A~DIGHEZBE L, AR5
TlX, MOD ETERLL 72 YIG #5Z2 W TT U7 B K D A ot 2R A 7,

[EBRFiE]

GGG iz, MOD &k (A7 FFEE(Y:Fe=3:5), IRE 3%) & At a— Mg,
200 °C T 30 [z fE~—2, 350 °CT 30 /[l fif~—27 24T\, Z D1 950 °CT 3 i
T ==/ LTCYIG #EAER L-, X518, EEEICHE - iR 7 & LT Au/Cr ®
aF—F T =—THA R L, £72, X7 bRy NT—7 T F T4 Y — L]
B 7 v — =2 W T, FR s OFEE 52 E L,

[EZBHER]

Figure. 1 IZ(a)ll7EN B HAL72 MSSW 15 75 & (b)(E & D FEEHK 71 2 7~ 3, Fig. 1(a)
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Figure 1 (a) MSSW signals and (b) antenna distance dependence of signal intensities.
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Effects of Magnon Spin-Polarization on Magnon Lifetime in Antiferromagnetic
Insulator NiO
Mie Univ. !, (D2) °Andi Gumaring', K. Nawa!, K. Nakamura'
E-mail: 423db01@m.mie-u.ac.jp

Long lifetime signal propagation is essential for modern THz signal processing devices. Antiferromagnetic
insulator NiO allows long-lifetime THz signal to propagate via two non-degenerate magnon modes [1,2] that
carry non-integer spin-polarization [3], in contrast to stereotypical beliefs of +1 A for antiferromagnetic
magnons. Due to weak spin-orbital effects and insulating properties, the main channel that gives rise to
magnon lifetime in NiO is four-magnons interactions, rather than relativistic effects [4]. However, the
mechanism in which magnon spin-polarization impacts magnon lifetimes in NiO has been unaddressed.
Previously, we investigated magnon frequencies of NiO comprising of magnetic dipole-dipole interactions,
single-ion anisotropy, and spin-exchange interactions. In this presentation, we extend our model to investigate
the effects of magnon spin-polarization on magnon lifetime driven by four-magnon interactions. Fourth order
magnon Hamiltonian is treated as a perturbation term, and the inverse of imaginary part of self-energy in
many-body Green’s functions is calculated.

First, we calculate room-temperature magnon lifetime at T and obtain 1.04 x 102 s, which is in the same
order of magnitude as in experiment results in monocrystalline NiO, 7.65 x 102 s. [1]. We find that intra-
mode contribution dominates magnon lifetime at I', while at the edge of Brillouin zone (BZ), inter-mode
contribution becomes comparable in magnitude to intra-mode one. Magnon lifetime at the edge of BZ
decreases as the applied static magnetic field increases to 0.1 T. Second, we calculate magnon spin-
polarization to understand the origin of the magnon lifetimes. At the edge of BZ, non-integer magnon spin-
polarization at the high symmetry k-points are observed, and application of static magnetic field up to 0.1 T
breaks the equivalence between two Ni sublattices and enhances the magnon spin-polarization up to |A|.
Since transition probability at the edge of BZ is governed by spin-conserving contribution in fourth order
magnon Hamiltonian, the enhancement of magnon spin-polarization increases transition probability from one

magnon state to another, which thus leads to the decrease of magnon lifetimes in one magnon state.

References:

[1] T. Moriyama, et. al., Phys. Rev. Mater. 3, 051402 (2019).
[2] T. Kampfrath, et. al., Nat. Photon. 5 31 (2011).

[3] A. Kamra, et. al., Phys. Rev. B 96 020411 (2017)

[4] S. M. Rezende, et. al., J. Phys. D: Appl. Phys. 51, 174004 (2018).
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RBMHBEERA N L EERHAR T RO BETRNER

Analysis of exchange interactions and magnetocrystalline anisotropy
in ferromagnetic layered CrX3 (X = Cl, Br, I)

ZEKEEL ', NIMS?2, OMD)F H & !, Andi Gumarilang', &1 FR 2, P HX!
Mie Univ.!, NIMS?, Naoto Murata', Andi Gumarilang', Kenji Nawa!?, Kohji Nakamura'
E-mail: 423M250@m.mie-u.ac.jp

JERPE DT H Crls % CroGesTes (3 HE T2 RIRT 2 WETcH 2 [1,2], 7
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Manipulation of the interfacial Dzyaloshinskii-Moriya interaction via the ionic gate
voltage adaptation
Department of Physics and Chemistry, DGIST, Daegu 42988, Republic of Korea®
Basic Science Research Center, DGIST, Daegu 42988, Republic of Korea?
°Jae Yong CHO?, Soobeom LEE?, Dongryul Kim?!, Chun-Yeol YOU!
E-mail: cyyou@dagist.ac.kr

Changing the properties of magnetic materials through electrical methods has long been of interest to
spintronics[1]. Among them, ionic gating technique using electrolytes, which are non-conducting materials
in the form of molten salts, have attracted much attention because they can create a structure with a large
capacitance on the surface of the material through a structure called an electric double layer (EDL). Much
effort has been made to modulate the magnetic properties of various magnetic layers using EDL[2,3]. We
focus on electrical modulation of the interfacial Dzyaloshinskii-Moriya interaction (iDMI), which is the
asymmetric interaction between neighboring spins. The change of iDMI could affect various topological
magnetic structures affected by iDMI, such as domain wall motion with chirality or the formation of
skyrmions.

We utilize a trilayer structure of perpendicularly magnetized Pt/Co/Pt. This structure exhibits relatively
small iDMI due to symmetry of the top and bottom heavy metal (HM) layers. Previously, we have observed
changes in spin-orbit torque of Pt/Co/Pt trilayer through ionic gating[4]. In this study, we investigate the
change in iDMI by using ionic gating. Effective field of iDMI is evaluated by measuring shift of anomalous

Hall curve with an applied in-plane magnetic field[5]. The detail will be discussed in the presentation.
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[Figure 1] Measurement of effective DMI field in the pristine sample.
[1] M. Weisheit et al., Science 315, 349-351 (2007).
[2] S. Zhao et al., Advanced Materials 30, 1801639 (2018).
[3] C. Li et al., Current Applied Physics 20, 883-887 (2020).
[4] S. Lee, J. Cho, C.-Y. You et al., in preparation for submission

[5] C.-F. Pai et al., Physical Review B 93, 144409 (2016).
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Ab-initio insights into orbital Hall conductivity for binary alloys
ZEXBREI!, HM#EE? M2)dd M=, & FR ' PR EXR!
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BB R U 72 B 0N EA T & i 5 L0E A — L2 B (OHE) 1% Kontani[1] & O ¥ Tl 2 & - s
I AATHIFFEDM T O TV D, OHE (T A B U uEMHAEM(SOC) Z LB L LR o i %
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4402(Q cm) T &G, N RSN D 213 RuozsPlozs (x = 0.25)0 OHC DI & 72 % /3
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¥ RIEEIT Pt Ddye_y2e RO, MUE TR S LTE D . 72 p $l & ORMKEE bR T 72,
RUo2sPtors (x = 0.75)D4, FALIDO Ny FREEIL T = /L I B 1eV R = R L X —H 2
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27,
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Observation of Spin Seebeck Effect in YIG/Rh
AR ZE L, ER fERY, B R, Bk BR!
Kyushu Univ.!, S. Sahara', Y. Kurokawa', H. Yuasa'

E-mail: sahara@mag.ed.kyushu-u.ac.jp

[Introduction]

Spintronic devices require heavy metals with large spin-orbit interactions and low resistivity,
and Pt is a typical material. In order to expand the selection of materials, we focus on the
properties of Rh because Rh has the same fcc crystal structure as Pt and has half the electrical
resistivity of Pt. In this study, we investigate spin Seebeck voltage of YIG/Rh.

[Experiment]

We prepared YIG/Pt and YIG/Rh samples where YIG 50 nm was deposited on thermally
oxidized Si substate and annealed at 1023 K in an atmosphere. The Pt and Rh with thickness
of 3 nm or 5 nm are deposited on YIG by DC sputtering. Next, spin Seebeck voltage was
measured while applying a temperature gradient from 5 K to 25 K between top and bottom
surfaces in the perpendicular direction to the layers and a magnetic field from -0.3 T t0o 0.3 T
in the vertical direction.

[Result]

The thermoelectromotive force % originated from spin Seebeck voltages are shown in
Figure 1. It was found that the YIG/Rh showed about half % of YIG/Pt, which corresponds
to the difference in the resistivity between Pt and Rh. This means that there is no difference
between Pt and Rh in charge current obtained by the inverse spin-Hall effect. Therefore, we

were able to increase the choice of materials depending on whether we focused on AV or Al.

[Reference]
[1] K. Uchida et al., Appl. 1
Phys. Lett. 97, 172505 (2010) ot
0.8
- Rh
[2] H. Adachi et al., Rep. §0.6
Prog. Phys. 76, 036501(2013) =
§ 0.4
=
0.2
0
2 3 B 5 6

f [nm]

Fig.1. The result of The spin Seebeck voltages
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Field-free spin-orbital torque magnetization switching
in gallium-doped thulium iron garnet
Kyushu Univ. !, Chalmers 2,
°Naoto Yamasahita'-2, Roselle Ngaloy?, Yuichiro Kurokawa!, Hiromi Yuasa', Saroj Prasad Dash?
E-mail: yamashita.naoto.952@m.kyushu-u.ac.jp

Current-induced magnetization switching in a perpendicularly magnetized ferrimagnetic insulator -
TmsFesO12 (TmIG) has attracted much attention for the expectation of energy-efficient and ultrafast
switching 1-». Whilst Ga* ions are often applied to modulate the magnetic properties in Co/Pt system®), the
effects on TmlIG are yet to be investigated. Here, we investigate the effect of Ga™ ion irradiation on the spin-
orbital torque in TmIG.

The films of Pt(3 nm)/TmIG(6 nm) were prepared using on-axis RF magnetron sputtering on a GdzGasO12
substrate®. After the sputtering deposition of TmIG, Ga* ions were irradiated by using a focused ion beam
followed by thermal annealing. Hall-cross devices were determined by photolithography and ion milling.

The Ga-doped area appears black in the scanning electron microscopy image (Fig. 1a). The effective spin
Hall angle 65%: was evaluated by harmonic measruments?. The charge current density Jc dependence of
the effective field generated by the damping-like torque Hp. was fitted using the following equation®:
00%. = (2e/h)(Hp,/Jc)Mst, where e is an elementary charge, 7 is the reduced Planck constant, Ms is the
saturation magnetization, and ¢ is the thickness of Pt. A tiny difference in 85%; was observed between the

Ga-doped and non-doped TmIG samples. 83k of 5 pC/um? Ga-doped and non-doped samples were 0.012

and 0.015, respectively, both are in line with the a

previous study!. Accordingly, current-induced
magnetization switching was successfully l
demonstrated in both samples without applying l
magnetic field (Fig. 1b). These results disclosed

the notable robustness of TmIG as a material

platform in spin-orbitronics study. I J

This work was supported by JSPS
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Foundation. -2 0 2 -2 ?1 27 -2 0 2
Reference Jo (x10 A/m”)

1) C. O. Avci et al., Nat. Mater. 16,309 (2017).
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Figurel: Current-induced magnetization switching
in Tm3(Fe1.xGax)501z.

a. Scanning electron microscopy image of Ga-doped
area.

b Demonstration of current-induced magnetization
switching.
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Spin-current generation by ultrashort laser pulses
in a heavy-metal/rare-earth iron garnet heterojunction
Tokyo Tech !, Keio Univ. ?, °Shunsuke Takahashi !, Yuga You ?, Kazuto Yamanoi 2, Yukio Nozaki 2,
Takuya Satoh !, and Kihiro T. Yamada!
E-mail: Takahashi.s.by@m.titech.ac.jp

The generation of spin currents is one of the central research topics in spintronics. Microwaves are
commonly used for generation spin currents by resonantly exciting magnetization dynamics. On the other
hand, in this research, we explored the potential of ultra-short optical pulses for spin-current generation. We
irradiated femtosecond laser pulses, with a central wavelength of 800 nm and duration of 60 fs, to a
Gda2Yb12BiFes2012 single crystal covered with a heavy-metal electrode for generating spin currents. The

spin currents were converted to electric currents in an

adjacent electrode of heavy metal, such as Pt and Ta, . :

© 2024%F [SRYEES

spin Hall effect and in-plane magnetic field (Fig. 1).

Furthermore, increasing the thickness of the electrode

. . 3; 300 (@) pt electrode T
through the inverse spin Hall effect. The =
2 150
electric-current waveforms were measured using an g 0
=}
o
oscilloscope in conjunction with a trans-impedance 2 150
5° i +2 kOe ]
amplifier. ﬁ 300 1 —s— 2kOe |
We observed electric-current waveforms of which = 30} ' ' (b)l ' ]
< Ta electrode
polarity inverted depending on the polarities of the ?g 15L ]
]
5
o
L
©
)
L

significantly reduces the peak amplitudes of the
electric currents. These results suggest that the direct
excitation of the hereto-interface plays a crucial role
in the spin-current generation using femtosecond laser

pulses.

09-087

5

10 15
time (ns)

Fig. 1. Electric-current waveforms for Pt (a)

and Ta (b) electrodes.
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MgO(001) E CoFe ZBIRDME MBI R T HEDOHMRTEE L IR FTREM
BRRERET VLB FOREN
Machine learning and interpretability of magnetocrystalline anisotropy in CoFe
multilayers on MgO(001): Search for effective regression models and descriptors
=ZEK,NIMS?, £ & 2, KR w=E !, A K
Mie Univ. !, NIMS?, °K. Nawa!?, K. Hagiwara', K. Nakamura!

E-mail: nawa@elec.mie-u.ac.jp

MERZZICB T 57 — 2B FILETH LT VT AR - A T x~T 47 % (MI) %, G
Bt Ea EoHM B OS2 & ZOIEIXZIEICIEY | B - KBROMW G CEROT 71
—F LR OOH B, MICHESSMEEFHOR by 7 & LT, B BtEIcBET 57— 2~
—ANPAFTHDZ 0, W BFENTWEIZEB W TITET 2WMEDORBLA 1 = X L O FRFRIA
SRENFETOND, FAIZINETIT, AIFEOREICH L TT —ZIRIEL 7 o T EE
ERAAIANTEEI BRI LD . A= T —F Th o THIEEICES < O RS [ B
% Z L % MgO(001) L IZflJE L 7= CoFe Z @5t 7 /v [(Vac.)/bee-Coo..Fe,/MgO(001)] % Bl LT
=72[1],

AFERTIL, thHE OMEMRRIZIT T, CoFe ZJENEET T /L OFk 4 7R R & Al L 7250k 7 0l
RGBS O TR B & PEORELRA 1 = X L OMRATREMEZ A Lo, R
PERDHR Co & Fe OHFHALON BIFHRICINZ . LB CHlET 218 (2/8~<7) o
BlAIRZ D, EF SRR EABE L TRk FE2ER LT, bRk 2 HWT, fhsmiix s
FMHETRNF— (Emca) D THNEEOEEZTND L L HIT, Evea &R TFERSE ORIRMEZ
FWTHREE 2R3 50k 7% © &I L7,

Bz XL, ERMKIZ K D 7 8T XA R Y w7 [ERET /v (L2REG) 12X 5 Evca THITIX, HifEHAL
72T T < 2 BT OBSIOAER A MG GR 2 WD Z & T, &bm ) THIRE
PIFONTZ, 2O 2 JEXTIZHER LIeHaHIR T — 2 0806 CoonFe, ZJEIESFFHIC 2 J&~T
Fe/Fe B4 % & FHIC, Co/Co BiAlZ ZBIEF.OMTIC S DL &, KER Evwca 23T 2 & Zfifgid
L7z, SOIZHE—JREEFRIC L 26 RHRHEO 1 O Fe Tlid72 <., - /Fe/Fe/MgO(001)X°
(Vac.)/Fe/Fe/--®D L 912 2 JE i L7z Fe/Fe BLAIIZHIN L THFIZKRE R Euca B L TV D
ZENHREIC R o T, DLEORE R, HEEE O T OB D 4R 2 B I O Wy ELE IR )RR
ARETH D Z L 2R LTV 5 [2], FFE Tl L2REG YA D EIFET L& FIV T2 56 O Tk
DERIZHONTHMET S,

[1] K. Nawa, K. Hagiwara, K. Nakamura, Comput. Mater. Sci. 219, 112032 (2023).

[2] K. Nawa, K. Hagiwara, K. Nakamura, under review.
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Magnetism of L1o-FePd from angle-dependent XMCD:
Theory and experiments
Mie Univ. !, NIMS 2, ENS-Paris %, Tohoku Univ. 4, QST %, Nagoya Univ. °
°K. Nawa % S. Vergara>*, T. Ueno 5, H. Nomachi !, K. Nakamura !, H. Naganuma *¢

E-mail: nawa@elec.mie-u.acjp

Analysis of microscopic magnetism in alloys, superlattices, and surface/interface is of importance to
control magnetic properties such as magnetocrystalline anisotropy for spintronics applications. X-ray
absorption spectrum (XAS) and X-ray magnetic circular dichroism (XMCD)—with varying incident angles
of X-ray and applied magnetic fields—have been powerful techniques for element-specific probing of
electronic and magnetic structures of materials. So far, we implemented the angle-dependent XMCD into
first-principles calculations based on density functional theory (DFT). [1] In this work, focusing on L1¢-FePd,
for which a heterogeneous interface with two-dimensional graphene was achieved [2], we investigated the
XMCD spectra and its variations depending on X-ray incident angle from both theory and experiments. The
lattice parameters of FePd, a = 3.905 A and c/a = 0.93 (degree of order, S = 0.97), were obtained from
experimental sample, which was fabricated by two-steps heating method using r.f. magnetron sputtering. [3]

From the DFT calculations, XMCD spectra of Fe site, normalized at L3 edge, show clear variations
depending on X-ray incident angle from [100] (68 = 0°) to [001] (8 = 90°); the intensity of L, edge signal
becomes smaller and its position moves to higher energy. This tendency is in quite good agreement with
experimentally measured XMCD results, in which the 8 varies from 30° to 90°. From the sum rule using
the XMCD spectra obtained from the DFT, the orbital magnetic moment (m,,) was theoretically deduced.
The results show that m,, is 0.048 ug at 8 = 0° and this value increases up to 0.053 ug at 8 = 90°. The
non-negligible variation of mg,, (Amy,~0.006 ug) follows the variation of magnetocrystalline
anisotropy energy, confirming satisfaction of the Bruno relationship with respect to 6. In the presentation,
the comparative results of theory and experiments in XAS/XMCD spectra, spin/orbital magnetic moments,
and magnetocrystalline anisotropy will be discussed.

This work is partly supported by the JSPS KAKENHI (No. JP22K 14290 and JP21K03444) and JSPS Core-
to-Core Program (No. JPJSCCA2023005), Nagoya University Program for Research Enhancement, QST-
Tohoku University Matching Research Support Program, and Cooperative Research Project of the Research
Institute of Electrical Communication, Tohoku University. XMCD experiments were performed under the
approval of the Photon Factory Program Advisory Committee (Proposal No. 2022G516).

[1] H. Nomachi, K. Nawa, K. Nakamura, The 71% JSAP Spring Meeting, 25a-P01-7, Tokyo, March 2024,
[2] H. Naganuma et al., ACS Nano 16, 4139 (2022).

[3]S. Vergara, T. V. ANguyen, H. Naganuma, The 71* JSAP Spring Meeting, 25a-P01-6, Tokyo, March 2024.
[

4] K. Nakamura et al., Phys. Rev. B 67, 014420 (2003).
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E—REHEICLI LI AEDAEKREFE X RESA-R%L
AEY - EBKRT—A > FOBRH

Analysis of angle-dependent X-ray magnetic circular dichroism and spin/orbital magnetic
moments in L1y alloys by first-principles calculations
ZERBEL Y, WArEAE 2 CM2)BFET B L, A0 & L2, PR R
Mie Univ!, NIMS2 °Hirofumi Nomachi!, Kenji Nawa'?, Kohji Nakamura!

E-mail: 423M237@m.mie-u.ac.jp

X e M . (XMCD) 13, SRR S It RN A B UBRE— A 2 b (mgpin)
BLOHEMRE—A b (non) ZFHIICE 2587170 EBRFIETH Y | B BHIFZE Tl
INKFIHS N TWND, A URERTE— A 2 M AT EER IR, BEROIRF-E— A
Y b (mr) BEGLCHHAC KT =AY b (M = moin + 7/2°m1) &5, FAEKE
XMCD (AD-XMCD) #Z i 9 4UE mr HOFHI S vEE & 72 D [1], T T, s O
il i SR T HE2]720F T < | ROTRIEMEIR DRGSR IE DFEARIZ IV T h mr S I 7R H
WO Z LN TE[Bl, BAIXINE T, £EFFFED FLAPW L2 HW T, AD-
XMCD G5 % 5 — R BRI A AL, Ll B E4% % H.0IC AD-XMCD A7 fLd d
B KR D BIRIE S Z O SRR F 2 WA L CE 2[4]. ABETIL, S HICHRMAI
IZHEASWTAE Y » HLUERRE— AV b OAERFEZ R~ LoD 3d-5d &4 (FePt,
CoPt) & 3d-3d &4 (FeNi, CoNi) (Zxf LT, X BAF H Mm% [001] (8 =0°) 225[100] (8 =
90°) ~EZB(LEIHRNE, AD-XMCD AT MUEE 7 =)V 2 OEERIIHE-> CTRET
FLAPW L[S BEHE LT,

FHROFEE, AV UBRE— A2 MTET 28 FRIA 5, FeNi, FePt (CoNi, CoPt) @ Fe

(Co) A bOmE 120 = 0° > 90° DA EEZALITR LTHIM (BA) Lz Lhvd, 01kt
L TRGHREE R LT, —FH T, B BRI VAL omgy (R MAiED)
B OWRHE) 13012% L TEFIIC, mRFTIH (REROPUR 15 7 O WIRHE) (X270
b LT, 1o CLFIRIA B HEH S 2me O BERAFMEEImp ISR R T 2 LR T 5,
S HICHHEMKE— A ¥ MZHOWT, BRAI O/ LNTZEETOZNENDR YA |k
D mon, HO = 0° > 90°D A FEZALIT X L TR IFWIZR (LN R b v, 2 O AL — R EEE
THRONDZmONT (WuE A4 EB) &R T OMFHE) & —F L7, BETIE, 01k3 5 XMCD
AT MDA E A s BUERRTE— A 2 b E OREMEICOWT B EET 5,

[17J. Stohr and H. Konig, Phys. Rev. Lett. 75, 3748 (1995).

[2] G. Shibata, et al., npj Quantum Materials 3, 3 (2018).

[3] N. Sasabe, ef al., Phys. Rev. Lett. 131, 216501 (2023).

[4] H. Nomachi, et al., The 71" JSAP Spring Meeting, 25a-P01-7, Tokyo, Mar. 2024.
[5] K. Nakamura, ef al., Phys. Rev. B 67, 014420 (2003).
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F—REFEIZEL S Mn, Fe, Ni)ZLYMOESHFHEOERUVER
Theoretical study of magnetic properties of (Mn, Fe, Ni) nitrides
by first-principles calculations
ELH, ®hX? WWkX? O BF' #F BE? AK ¥ FR EA®
AIST ', Tohoku Univ. 2, Yamagata Univ. 2,
°Takashi Nakamura!, Rie Umetsu?, Manabu Ishizaki’, Masato Kurihara’

E-mail: nakamura-mw @aist.go.jp

B XL ALNEENL F 5 1 % BB IR ISR L= B 7= & BB OB RIEZRE L TV D, £l
MRS D FD—DThHH TN T 7 —EK (PBA) ZFIH+ 252 & T, @BEMMDME
BORRLEEDLETERTE D ZENREDRHETH D, MAITINE T, KEEZHNT,
EB=y TN T HHAT D LRI L, v EER R ILR TR LTS5~ 1
0 %M U7, JbEMBE bR Em< 2 2 23R L, W& Lz (GF 84 S B ek 7
e, FERE T 22a-P01-12, 2023 4F), FEHX TIT XRD FIZ L DG 21T - 7228, 72
BER O EOFENAH TH -7z,

ARETIE, FHRHEFEICL D7 e —F o g bm EOJRINZZEL LD THRET D,

F15i1% Materials Studio ¥ CASTEP € ¥ = — /L& FIH L, —#(LAEEE (GGA) —PBE A2
BIEC L0 N R & IRIBE E O R 21T o 72, kK mUT TXTXT, By b AT =R ¥ —(T
300 eV T2 7z, M 1IRT MuN (M IZ&JECHR) SEAMIEIZRIT 2 88tk DOILE a, b, ¢ 1T
WT, £ 1OMBEDOETHEAEETo T,

Y HIEA G DN FHEE L OVRABRS BE & S ISR PRI B T 2 i 217 9 .

1 AR & e O E

TTRERE
BLES N HELBL al b c
27 1 1

1 FesN Fe Fe Fe
2 FesNiN Fe Fe Ni
3 FesNiN Fe Ni Fe
4 (Fe. Ni)aN Fe,NipN Fe Ni Ni
5 Fe,NioN Ni Fe Fe
6 FeNisN Ni Ni Fe
7 FeNisN Ni Fe Ni
8 NizN Ni Ni Ni
9 MnFe,NiN Fe Ni Mn

10 MnFe,NiN Fe Mn Ni

11 . MnFeNiN Ni Fe Mn

(Mn, Fe, Ni)sN

12 MnFeNiN Ni Mn Fe

13 Mn,FeNiN Mn Ni Ee

14 Mn,FeNiN Mn Fe Ni

B4 1. MN OffidhEE 7T V. * LY LIRSS D e R OALE
* 2 HAZAR - PN D TT R
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Dynamic magnetic properties in RuO2/Co-Fe-B stack film
°T. V. A. Nguyen'?, Y. Saito?, H. Naganuma'-2, D. Vu?, S. Tkeda'?, T. Endoh!>#%
CSIS!, CIES?, , Tohoku Univ., IoP, VAST?, Vietnam ,Grad. School of Eng. 4, RIEC®, Tohoku Univ.
E-mail: nguyen.thi.van.anh.e7@ tohoku.ac.jp

Spin-split effect (SSE)-induced spin current generation in altermagnetic RuO» [1, 2] has been attractive
for potential applications in spintronics devices such as spin-orbit torque magnetic random-access memory
(SOT-MRAM) [3]. Recent works have reported SSE-induced SOT in RuO,/Ferromagnetic bilayers with
various crystal orientations [2, 4]. However, a detailed study on the dynamic magnetic properties, such as the
damping constant (@) and effective magnetization (4nM; .r) in these stacking structures has not been reported.
Herein we choose the stacking structures consisting of RuO; and Co-Fe-B and investigate the Co-Fe-B layer’s
thickness (fcrs) and RuO; layer thickness (zru02) dependence of « and 4nM .« by a broadband ferromagnetic

resonance (FMR) measurement technique.

RuO> (truo2)/Co-Fe-B  (a) (b)
@ Field domain 0.020f @ Field domain
(tCFB)/MgO (13 nm)/Ta (10 nm) % 0.025 ® Frequency domain "é B Frequency domain
. . % 0020 i @ 0015} (tcpp=5nm)
stacking structures were fabricated 5§ + 8
© 0015}
=2 2 o010} 7
on an a-AlO3; (0001) substrate by é ool .E_ LI v @ f
DC/RF sputtering. The RuO» (100) 8 o oos (s — 4 nm) g | O ooos|
film was grown on the substrate by 01 23 45678 91001 0o 2 4 6 8 10 12
ters (NM) truoz (NM)

RF sputtering at 300°C, while other Fig. 1: tcpg (a) and tp,07 (b) dependences of the damping constant.
layers were prepared at room
temperature. Each stacking film possesses an in-plane magnetic anisotropy.

Figures 1 (a) and (b) show #crs and fruo2 dependences of « for the stacking films evaluated from the FMR
spectra measured in the field and frequency domains. « increases with the decrease of fcrp. For a stack film
with zcpg = 10 nm, a = 0.0056 which is close to the bulk value of a Co-Fe-B [5]. Then « increases to 0.022
when #crg reduces to 1.2 nm. The increase of o might be attributed to the spin pumping, and/or the magnetic
inhomogeneity such as the anisotropy dispersion, and/or the two-magnon scattering, and so on. On the other
hand, « is around 0.008 and is almost saturated at fruo2 range above 1 nm, which suggests that using RuO»
would enable the retention of a low « value in a wide range of the RuO; thickness. The results would be
helpful for the on-going research and application of altermagnet-based spintronics.

The authors acknowledge the JSPS Core-to-Core Program (No. JPJSCCA20230005), X-NICS (No. JPJ011438),
JSPS KAKENHI Grants 21K 18189, 24H000300, Core Research Cluster program, the MRAM program in CIES,
TU-MUG start-up Project, Tohoku Univ.

Refs: [1] R. Gonzéalez-Hernéaldez et al., Phys. Rev. B 126, 127701 (2021). [2] A. Bose et al., Nature
Electronics 5, 267 (2022). [3] H. Honjo et al., IEDM Technical Digest 28.5, 2019. [4] H. Bai et al., Phys.
Rev. Lett. 128, 197202 (2022). [5] M. Belmeguenai et al., J. Phys. D: Appl. Phys. 51, 045002 (2018).
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Possible site occupation of interstitial carbon in ferrimagnetic Co2Mn2C thin film
Prabhat Kumar!, Parasmani Rajput?, Hitoshi Abe* and °Shinji Isogami!
INIMS, Tsukuba 305-0047 Japan
2INDUS-2, Synchrotron Radiation, RRCAT, Indore 452013, India
3Synchrotron Radiation Science Div.2 (PF), KEK, Tsukuba 305-0801, Japan
E-mails: KUMAR.Prabhat@nims.go.jp

Although anomalous Hall effect (AHE) can be scaled by the saturation magnetization for many magnetic
materials, it has been reported that some materials are beyond such scaling. For example, Mn3Sn
antiferromagnet is one of the attractive materials to show large AHE for negligible net magnetic moment,
and which is explained by the enhanced spin Berry curvature near the band crossing points called Weyl points
[1]. Recently, transition-metal nitrides, e.g. MnsN, CosN, and FesN, have attracted attention in spintronics
[2]; on the other hand, C and B have a potential to be promising materials as for the nitrides. In the previous
results, L1o type CooMn2C epitaxial thin film showed relatively high AHE for its saturation magnetization,
the AHE value for which was one order of magnitude higher than that for CoMn (without C). Similar to N,
C occupies the interstitial sites in the host lattice, possibly impacting magnetic and electronic properties due
to the p-d hybridization [3]. We thus infer that the interstitial C in the Co,Mn,C plays a crucial role to enhance
AHE, leading to a universal way to boost AHE. However, the preferential site of C in the realistic epitaxial
film is still unclear. Therefore, in this work, we aim to explore the realistic site occupation of C in L1o type
CooMn,C compound from a magnetic materials development viewpoint.

We deposited SiO2 sub.//CoMn(35 nm)/MgO(2 nm) thin film using the DC/RF magnetron sputtering,
and subsequent heat treatment was performed at the 500 °C for 1 hour, in the O = CoHy/(Ar+C,H>) gas
environment [3]. A pure L1o-type Co.Mn,C phase is observed at the (a) Types of sites
0O = 50 %. The detailed interstitial site occupation was investigated

15t o ond O 3'd0
using the X-ray absorption spectroscopy (XAS) measurement. Figure Mn
g y absorption sp py (XAS) gUre 0040 69 6? °o°°°

1(a) shows the three possible sites of C. Figure 1(b) shows the ©@g®®@ co

0040 6 o
simulation of Co K-edge near-edge XAS spectra for three sites (shown 0% 69‘969 e °°

by red, green, and orange) and experimental spectrum (black). The 11 (b)‘CO Keodge |5
spectrum for the CooMn,C with occupation of C at the 1 site is very | A 3"
similar to the experimental spectrum, and the edge 4 also appears at E st
the same energy. However, occupation at the other two sites is not “E{ =
consistent with the experimental result which suggests body-cantered

occupation of C. Furthermore, such site occupation and detailed o ?ne:gsy (23) s 0

structure will be discussed by combining the far-edge XAS spectra.  Fig 1: (a) Types of interstitial sites in the
L1o type CooMn2C, and corresponding

B (b) theoretical near-edge XAS spectra
[1] Nakatsuji et al., Nature 527, 212 (2015). along with the experimental spectrum of

[2] Isogami et al., Adv. Electron. Mater. 9, 2200515 (2023). CoaMmaC obtained after heat treatment
[3] Isogami, et al., Phys. Rev. Mater., 7, 014411 (2023). at 0 = 50 %.
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CoFeB/Mg0 #BEICHBITHKRT7 =—ILDEE
Effect of hydrogen annealing in CoFeB/MgO system
B RZE®E L, BRAK CSRN2, BRX OTRI®, EJtK SRIS*, JST & ZEASIFS
OBf BT ! FHFHE FHEAL, FIE Kib1234 /b m5h 1285
SANKEN, Osaka Univ. !, CSRN, Osaka Univ.?, OTRI, Osaka Univ.%, SRIS, Tohoku Univ.4, JST
PRESTO?, °Noriyuki Seki!, Toshiaki Morita!, Daichi Chiba>34, Tomohiro Koyama!225

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

Magnetic tunnel junctions based on the CoFeB/MgO structure are known to exhibit a high tunnel
magnetoresistance ratio [1]. Furthermore, in this structure, a strong perpendicular magnetic anisotropy can
be obtained by making the CoFeB layer thin due to the interfacial magnetic anisotropy at the CoFeB/MgO
interface [2]. To obtain these properties, the system needs to be annealed, which is generally performed in a
high vacuum. In this study, we investigate how the magnetic properties of the CoFeB/MgO system affected
when the annealing is conducted under hydrogen gas atmosphere.

Ta(2 nm)/CoFeB(tcrs)/MgO(1.5) tri-layer structures (tcrs = 0.6, 0.8, 1.0 nm) were deposited on a
thermally oxidized Si substrate using sputtering. The samples were fabricated into a Hall bar structure and
then, annealed in a vacuum chamber with and without introducing an Ar/H, gas mixture. The annealing
temperature and time were 300 °C and 1 hour, respectively. Figure 1 shows the results of anomalous Hall
resistance Ruan measurement under perpendicular external magnetic field H, for tces = 0.8 nm sample. The
perpendicularly magnetized state was obtained in the sample annealed without H, (conventional vacuum
annealing), as previous studies. On the other hand, in the Ho-annealed sample, Ruai linearly depends on H,
when |H.| < ~50 mT and no hysteresis was observed, indicating that the easy axis of the sample is in-plane.
Since hydrogen is the smallest atom, the anisotropy change may be relevant to the modulation of electron

state at the CoFeB/MgO interface caused by

the interstitial hydrogen atoms. 15 {= = - normal anneal
. . H, anneal
This work is supported by JSPS KAKENHI 10k - |

Grant Number 23K17902, the PRESTO from 5| R, ]

’G\ L} L]
JST (JPMJPR21B5), MEXT Initiative to = 0 L

o /B
Establish Next-Generation Novel Integrated sl : |
Circuits Centers (X-NICS) and the Spintronics b/ .'_ _' |
Research Network of Japan. 15 ‘ ‘

200 -100 0 100 200
toH (mT)

[1] S. Yuasa et al., Nat. Mater 3, 868 (2004). Figure 1: Ruai as a function of H. obtained for the
[2] S. Ikeda et al., Nat. Mater 9, 721 (2010). conventional vacuum annealing (red dashed) and

annealing under H; gas atmosphere (blue solid).
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Magneto-Plasmonic Properties of CoPt Alloy Nanoparticles
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Fe. Co. Ni 72 K OWM4 8 2 & te M BHL, A 0.05
B DIRICIRIE I 8 % 5 2 D RO B % —="FRAT
T T, JRER A ) ORERRHIE, T A ;t//rmﬁ
Ve H R PRI S ST NG, T 5 000 fu b
SO T ) R TALT 5 2 2T FETO % Gt

N
-

R -

AU E AL FIREIC Y, F ST X' AT
SIS RAOEEIR I LD, e 250 350 4%0 550 680 750
CRFH OKERRRE—A Y P MR Lo WREaaH 1rn

O, ALFER IR ARE ENE 2 YT DI O — o & Figure 1. Spectra of gucp of CoPt, Co,
LT, BA5E PRESA U kgL oy and Ptnanoparticles.

D R=Er 7RENE DAEELIZ L DR E— A FOBBAZET b0,

AT Tl BEHMEZRT CoPt 4T /R 2P FIEIC K D EAEAE R L, -5 — rlfisH
B CHRVY MCD A 8Ll L7221, CoPt 7/ KL%, =i, 22K\ T, £1.6 T OIS T T MCD
DIERIFRIK T gmep 23 0.034 Th 7= (Fig. 1), Co 7/ ki 13 FE M SELAEIT LT- 72912, K
U gmep B LAVR S 727 o 723, CoPt BT /R T IFALFINC L E T Pt L OBREIIC LV HED
FRALDIEIT Lo 72 Z ED, W guep BZ R LTZRKDO—2EE 2 6 b, EBE MBET T X
<2 XV REIMICEE T2 2 L1280, guen EITIE T L2, F/2, KEhMAKE—Ar b afRT
%5 Cob, HERETHDPtEOMOAL L —HUEMHAIERIZ L 2D E . CoPt T/ Kit-D
BAZ 72 MCD IGEICHFE L2 B 265, 20 MCD O, CoPt &4 / Ki+WN TR
\Z L o Tl & 415 Circular Magneto-Plasmonic ModelPNZ LK% RIHEMED & 5

Guco

[1] D. Weller, H. Brindle, G. Gorman, C.-J. Lin, and H. Notarys, Appl. Phys. Lett. 61,2726 (1992).
[2] C. Zhang, T. Ishida, S. H. Lee, and T. Tatsuma, Appl. Phys. Lett., in press.

[3]F. Pineider, G. Campo, V. Bonanni, C. d. J. Fernandez, G. Mattei, A. Caneschi, D. Gatteschi, and C. Sangregorio, Nano Lett.

13, 4785 (2013).
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Gifu Univ. ! H. Kumazawa!, K. Yamada!, M. Shima!

E-mail: kumazawa.hiroki.k1@s.gifu-u.ac.jp

[T e B BGEA L BEEAD 4 7Y v FREE CIRARE TR Y Vi B IS ] g
RACY ZEHE —N=x%ERLIB T ehb, BnEE Ay bu=27 2% HAHDEH
T N4 RSSO BB FE N CTE Y | B L OB 3 2 Bk 2 fEIHA RS 6
NTWB U, KiffFecld, BT v — LKEEIC X Y BEE B -Sn J8 R O - JEEME M(M = Nj,
CwEn> 5 7% % Sn/M/Sn FEEE 2 FRLL . & EIE (ds,, dw) B O S % & O R S 23R8
DI RIETHERMHT 2 2 L 2 HNE LT,

[SBB 5] Sn JE)E % % 4 25 nm THEIE L M JEIE du % 0~5nm O#ifH cA{L X 2 7/-HEEE % &
T —LZKEECER L, RS % XRD, MRS % SEM, #AFE%E VSM KU SQUID,
BRILEREZ SQUID % H v TPk il g, BN, HUNER %2 2t & ¢ CHlE L 7=,

FERLEE] MJE% Ni & L7z Sn/Ni/Sn (%5 ds. = 25 nm, dyi = 0~5 nm) =@ 5 S %
XRD CiHiL 7z ¢ 2 A, wIFhoikHics»Td SnfEix B FHTA00)E AL T3 & & %R
L7zo $72 VSM T X 2 WALEIE OFEHE, NiJg i3 =R gt cd 3 2 & 2HEZR L 7=, SQUID %
HOWESESHIE 217728 25, Fig. 11ICR T X912 Sn/Ni/SnJED di % 0 nm 2*5H 5 nm £
TELI G- &, BHRIEE T3 3.73 K 205 249 K £ CHIIK T+ 2@A@%2 R L7, 72
Fig. 2 iC77 3 Sn/Ni/Sn DRSS He DIMERFEIER R 2 & L ICHERm 7 4 v T 4 v 7@
4T\, Sn HiEES Sn/Cu/Sn ZJEEOFER E IR L 722 25, WfnEa e —L v 2B
EAE X, Ginzburg-Landau ® 3L 7 £ 7 UVICHE S fHA % 7R L 72,

4t

Critical Temperature Tc [K]
ritical Magnetic Field H¢ [Oe]

c
=
8
4

P

T2 3 4 5 05 1 15 2
Ni Layer Thickness dy;[nm] TIK]

Fig.1: Variation of 7cwith dh; in Sn/Ni/Sn. Fig.2: Variation of Hc with 7'in Sn/Ni/Sn.
[Z% k] [1] ]. Linder and J. W. A. Robinson, Nat. Phys. 11, 307 (2015).

(& AWED—Ex, SCRRFEE (=7 VT AW 3 —F4 v 7 7] FE (GEES
JPMXP1223MS1006) Dt % 521 HARI AW TEht 0 7RI ZERT CEM S iz,
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Investigation of magnetic properties in gallium-doped epitaxial thulium iron garnet
using Brillouin light scattering
Department of Physics and Chemistry, DGIST, Daegu 42988, Republic of Korea.?!
Faculty of Information Science and Electrical Engineering, Kyushu Univ., Japan?
°S00-Jung KIM?, Naoto YAMASHITA?, Soobeom LEE?, Chun-Yeol YOU!
E-mail: tnwjd8252@dgist.ac.kr

Manipulating the magnetic properties is one of great interest in spintronics. Numerous studies aim to
change the magnetic anisotropy, spin-charge interconversion and Dzyaloshinskii-Moriya interaction using
annealing, non-metal insertion, alloying and ion irradiation[1, 2]. Especially, the gallium (Ga) ion
irradiation using focused ion beam (FIB) is effective in modifying the crystalline structure. Thulium iron
garnet (TmsFesO12 or TmIG) is ferrimagnetic insulator with perpendicular magnetic anisotropy, originating
from lattice mismatch strain. This characteristic makes TmIG well-suited for modification of its magnetic
properties using FIB. Here, we locally modify the magnetic properties of TmIG film using FIB and analyze
the resonance frequency of spin wave via Brillouin light scattering.

We deposited epitaxial TmIG with a thickness of 22 nm using on-axis RF magnetron sputtering on
Gd;Gas012 (GGG) substrate [3]. The thickness and crystallinity of TmIG are confirmed by using X-ray
reflection and X-ray diffraction, respectively. Figure 1 shows the spin wave frequencies in BLS
measurements as a function of applied in-plane magnetic field with incident angle of 10°. We can see the
clear difference between non-doped and Ga-doped TmIG. It indicates that the magnetic properties of TmIG
are modified by the Ga+ ion irradiation. A more detailed discussion will be given in the presentation.

This work was supported by JSPS KAKENHI Grant Number JP22K14292, JST ACT-X PMJAX23KJ,
Nippon Sheet Glass Foundation for Materials Science and Engineering and National Research

Foundation of Korea Grant Number NRF-2021MA3F3A2A01037522

18
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[Figure 1] BLS frequency depends on the applied magnetic field at GGG/TmIG(22 nm) sample with
non-doped and Ga-doped (acceleration voltage = 30 kV, dose = 2 pC/um?)
[1] J. Cho, C.-Y. You et al., IEEE Trans. Mang. 54, 1500104 (2018).
[2] S. An, C.-Y. You et al., Sci. Rep. 12, 3465 (2022).
[3] M. N. Agusutrino, N. Yamashita et al., Thin Solid Films 788, 140176 (2024).
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REVIREBEFODERBED-HD
HEBEADNYIYLT 54 FEEHLERBDO/ER

Preparation of perpendicularly magnetized insulating barium ferrite layers on Pt layers
for the generation of spin polarized electrons

OM2) BSE FERT, HTF FEE', /MR E?

N OB RIR BE, £E W' @&IKRI, KRR

OR. Adachi!, M. A. Tanaka', H. Komiyama?,
T. Ono?, T. Hihara!, and K. Mibu' (Nagoya Inst. Tech.!, Kyoto Univ.?)
E-mail: r.adachi.082@stn.nitech.ac.jp

MRAER - BN

SRISEVEAERR IR 2 AV e b U R ARG T, P RANY T OESIRE DAL L) #
20, BAORURNERN A NRIF L TR D720, AV Rl LIZEREAERT D&
NTED., ZOHBII RN RAE T 4V F =R LT, SRS R 2 V72V Lo
AEUCEANRE L THIR/HTES V. BAE~IT RN T T o3, MEEZFFLX 2 U —EERFHN
PRIEPEVEMERRAR DN Y 7 AT =T A h(BaFe;n019, BaM)IZ{EH L7z, Py(111) ="CT(0001) 77 AN
PR 5 2 L CRE RBEMKESTEZ TN, bR AESIZHANS 10 nm BLF O#EKTO
WSEIXH E D 723 RIFRETIX, 7 =— AV HEOMEE OERISA; 2 28 2 CREMAL Z R
BaM D ERL 257, BaM #4272 b o VSR FOER AT 7.

KR %

ALO3(0001) M HIZHE - B — L8515 T Pt 2, 7ULA L—H —HERE1E T BaM ZIEIZRRE L 7=,
B D BUBIL I ZARIMR T = — VLB A ATV SRR S 72, X BREIHTEEE T & 2 56 S B i A,
SQUID R&HEHT X 2 BRI T IEOFEAMN, K OVR 1M ) BEMEE(AFM)IZ X 2 Z 1 P-4 0O G
Aoz, £7-BaM L N RN R ETOERE tmDOMTIHF 27+ NV VT F7 4 —
KRArA A Y 7 TERLT, 8RO ZIT- 72,

EERTER

Fig. 112 300°C THYE L 900°C T 90 77 M DARIMNR T = — W ALER A 4T - 7= Pt (20 nm)/BaM (7 nm)
FEEOD XRRIEIHTIHIE D #5779, (000n) 1) D B'— 27 Z B % Z L 28T &, BaM I ¢ fili 7 Dk
pa R 5 Z Lo 7. Fig. 2 I2[A UEUE O m B 3 L O 5 OB ii# 27~ 9. BaM
JE D EERRIBE T MRS D Z LN Tz, £72, AFM #520°5 PyBaM HIEO T 7 % A1 0.5
nmm F2ETH VY FHMERB WD E 0N ghotz.

FRTIE, FREM GRESRM. 7=—A%MH) OETITHED bl mrECRALRNE, Rk
WD, N FIUREDRERIZOWVW T HEmT 5.

; : T ‘ 7 '
ol PN ] 800
= i — 300K —
© - 5 .
8 7 g 400 f'#"‘
o0 2 200| / Pt
_0 3 BaM BaM iLE 2L /
(— : : i c
- (0006)(0008) I | § o
21 A S ( S /
n i F 200 1
% [ é —=+— [n-Plane
-IE = -400 L__pmn —s— Qut—of-plane| -
20 40 60 600 5 0 5
26 [deg] Magnetic Field [kOe]
Fig. 1 X-ray diffraction pattern of BaM film Fig. 2 Hysteresisloops of BaM fim
S 3k

1) J.S. Moodera et al., Phys. Rev. Lett. 61, 637 (1988).
2) M. Ichinose et al., J. Magn.Soc.Jpn. 23, 1205 (1999).
3) A. Morisako et al., J. Magn.Soc.Jpn. 23, 1217 (1999).
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Zrib B Cri-sTe HIRD MBE ik~ REREIC L HTERIBEEIL

MBE Growth of Binary Compound Cri-; Te ~ Growth Temperature Dependence of
Crystal Structure

REXEEME', BIREIL Mk $ith', -8 EBR2 BF X&?2 2H KA
Univ. Tsukuba!, KEK?, “J. Kobayashi!, H. Nitani?, D. Kido?, S. Kuroda!
E-mail: s2320345@u.tsukuba.ac.jp

1. Intoroduction

A v bu=27 2058k, A€ ) o/NHECAKEEE I icm T T, RoumigtE g
DR ENT VDL, T4 ZA~DIEHD 7o, BWAEGESC T 2 ) —REOFM ITEE x
HHFLhoTnwd, KiffFETRE T2 ZJufbB CrisTe ld, Cr ZfLOE S IT X VR4 7
ST L) WA E I ET 2 2 el s w5 [1,2], A 1d MBE kic kb
A RS T T CrisTe #EAZFRK L. £ OfEE - BLEEICOWTHH~T w3,
2. Experimental

MBE i£Eic X 0 InP(111) AR i CrisTe % iR & ¥ 7z, Flux it Cr:Te=1:30 ® Te &
FP R (Te-rich) D F Tl L7z, Cri.sTe [KEROEKDOEE Ts % 250~400°C £ ¢°&1{L x
. ¥ 72MEE 20nm & 40nm @ 2 FEHOEDOHRE Z FR L. % ORGEFRHE %2 5 L 72,
3. Result

TERL 72— oI L, XRDw-2 0 JIE 21T > 720 Z DfEHR. NiAs B Cry.s Te(00n) i
DR E =7 DABELIL, ZDOMEICHM L7z NiAs B Cri;Te 28 E L TW»W5 2 &390 -
7z Fig. 112 NiAs & Cry.5Te @ (002) i D [H#7 v — 7 fHEDILRKM 2R F, £ b 75 THRE
L7285 40nm DR CLik 32 &, T o BR L L dichifey—2idmmfllicey 7 L., M
ER D FERP/NES K o TWB T B roT, THiE Ts O EFEHIC CrisTe @
Cr ZZfLEPHEML TS I EZRLTWED, INTETHEINTWE[1,2]D & 13D fHEH
TH5b,F 72 Ts=400°CTHE L 725 40nm & 20nm D EFHE O & % g4 % & BE 20nm
OFRECIZ BT & — 7 I G L, RO ) 0 B < I TEHO K & ISR
MThHdTLiEIREL TS, Fig. 2 I ZNENDHEED Cr Wi d XANES 2~ 27 F L%
N, EE 40nm D EE Tl 75=250~400°CO#ifi T2~ 7 b ViZIZIEFE UK Z/R L, Cr
DI ZL L CnZrwnweEZ b5, —F. T5=400°CTHE L 7ZEE 20nm OEfE T
5996eV fHEDWIN DL H ER Y BI/NE K o TE D BOWKEREICE W TIIREYIHIC X
Cr Dffifi DR 2RAEL I o TV B T & HZRE LT3, FlllldFEHE Ciam L 72\,
[1] Y.Fujisawa et al., Phys. Rev. Materials 4, 114001 (2020)
[2] F.S.Luo, et al., J. Magn. Magn. Mater. 550, 169084 (2022)
HEEAWFCE KRR FEA & v b v = 7 ZEAMREIETEEE £ v~ % — (CSRN) O3k % % 1J T
fTbitiz,

1 —— Ts=400°C (20nm)|t
] —— Ts=400°C (40nm)[ !
E "\ —— Ts=350°C (40nm)|t
— —— Ts=300°C (40nm)["
P — Ts=250°C (40nm)|= i
c 7#\ B A E — 05
> 1 WWAnedn A AN /AN 3
o VR [\ W =
E E ) _’,’ \\ Wi | £ -
< T, MN%W\WA Wi Mw\/’ v / A " ‘\U\J,«M\,“\‘\T NN ﬁ 0
) 4 w / \ TPV NWALAJUL =
g :WW\\/\J N\ N r~ : .m M “‘ I | 3 g - fn‘
-8 f; WV VVNVVN"“V‘\\/‘W\‘V“J i UUHWVWVF\JW\QA‘JUAUA‘_*‘A\; o /‘J \'I;‘ 400°C (20nm) ——
£ F | : € 05— 400°C (40nm) ———
] ) AT S 350°C (40nm)  ——
E I N mmuwuuug%? — 300°C (40nm)
E 1 . E ~ 250°C (40nm) ———
JIA A A UMW [ 1= T’f 1 1 T T
n | n | L | UUL UV LV U U VL)
27 28 29 30 31 32 5980 000 6020 6040 6060
2 O (degree) Energy (eV)
Fig. 1 Profiles of XRD w-2 6 scan of Cry.sTe Fig. 2 Normalized Cr K-edge XANES
films. spectra of Cry. s Te films.
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Elucidation of the Conditions for Ferromagnetism in Dilute Magnetic Semiconductor Powder
REAE ' EEXKIHES’ CXF 88 WU EBF " B Hs'
Tokyo Univ. of Sci !, Toyo Univ. Research Institute of Industrial Technology?
°S. Yano! , M. Murayam®?, X. Zhao!

E-mail: xwzhao@rs.tus.ac.jp

[IZC i) > T, WHEPER D NI L 7=, XRD.
. BFOAEL AR LEAE Y ko RYAMAN\ >§E’S\ :Jv-\ﬁs BEL O XAFS OfEH
=y AREHEWOTN S, FLngrs O CRAHERT S,
Tofn MR8 R (DMS) XA hr=2
AMEHZE L TEY, 2V —BEDKS % 0.006 R R )
JEflR L722 i DMS OB EA TV D, B . | | |
b EAR AN — 2 DR EIR T, IR R 0.004 il ®
BN EEAKREZR-LTEBY, BMP €7 /b ?
W2 & o THEMEDORBBLAFA I TS, L
InL. HEICH AR THROGIR TIZE < 2V
et 2R3 72, BRARRY 2R R B & F£F o 7ok
PEEFRMROERIZIT S 672 D —R9 728 0002 g e
RSB TD B, . ; ;
o Tio KRB L OEnE KEAh L ERPTT 10006 L]
=— L LB OB R 21T 5 72, ¢ ; ; ; ;

-110* -5000 0 5000 110*
[525x]

Sm ¥shn TiO My RIL Y V7 A ETERLL 7=,
FPF =X —NIZT NI TaRFTF Fig.1 SQUID Result (by concentration)
X (TTIP) %R Li=, =Dk, HilRZ N
Z. BEWME 15 RN EIRET, sl to0s ~
. BiA Ak (DI AK) IR~ U A 1 ? : ? o
(M) NAKFzEMZz ., 15 FrfEs &R, 0.003 |- & WTS|..... e g
2D 2 OOEIKEEA L, 80°CT 1 il & L . _ & 1
R, 110°CT 24 PR S H, oL : f : : f
TR % 22504 600°C & % 600°C TENE 0.001 | — R -
U4 BT =— L L ChREdR M2 ) kS H T2, N /
RS 7230kHE, XRD llE & RAMAN HiE % / |
B e G
-0.002 - ———————————————— A rrrrrrrrrrrrrrrr ————————————————— -

FAWTHRESMEZ G L, XPS #HIE %2 Wl

FRBEZITEL7Z, &5H12, UV-Vis Tl yv

R¥ ¥ v 7CRAELN 230 L, B A L : : ;
SQUID {lIiEZ AW THIE L7z, XAFS HIE T 20.003 bt
I SmJE Y O RS A AN L7, A

-0.004 L
[7’%%%%] -110* -5000 0 5000 110*
Sm Wm0 TiO, By R T, X Ttz R~ Magnetic field (Oe)
L7ze KREAHFT =— L (W-TS)IZHRT, ©EH Fig. 2 SQUID Result (by annealing atmosphere)
7 =—)V(B-TS)D % 7 /LTI iRt %
R LT, FTo. Sm OUSHNEEEE DS 2120

(o R e S L L

Magnetization(emu/g)
o
T

Magnetic field (Oe)

Magnetization (emu/g)
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MEEARTORMEESRIRICEETIEBNZFAL-KERN
A charging technology using the electromotive force generated in a ferromagnetic metal
film under the ferromagnetic resonance
BRAKBRI ', OB #EE' dH Hh 4FE KB’
Osaka Metro. Univ.?, °Ryutoku Fujii', Kousuke Tsujii*, Eiji Shikoh!
E-mail: si23473c@st.omu.ac.jp

TR —N—T = AT ¢ V7 IHIER EORFEZ DR LLFIAT 200 EELFIFTHLH, K
=R TIE, MBS (FMR) FomigrtEe)E (FM) EIZk T 2EE ) (EMF) OAREBIS[1,2]
EFRH LAV —N—Tx AT 4 THMOMRBZIT>TWA 3], AEEEH L7 FM &
(NigoFe20 33 & UY CosoFeso) 13 10°° Pa AR D H 22 FC, BA{bEff & o U a2 VR BICE B — A
AELEZMOTA LT, #HlCITE A B s \%L<1N&FWX“%U~&7+?
PICHHE STc a7 L —F — K & BRA TR S N2 ERR 2 Lz, £72. FM &Ehe
arTF U EELERMIKE A Y — N CHEpE L7z, Fig. 112 CosoFeso D #UA) 72 FMR A7 kL
FEAK) & FMR FOREBEHC AR S - EEREZ T, FMR T ® CosoFeso 1231 T
FEN DRI LT Z & 235005, Fig. 2 12 CosoFeso I71Z & 5 FE 8 80D FMR Hifot RF R 17k
o, ZZCRERFa YT g M OEEME S UTEHME L7z, Fig. 2 2>5 FMR £z
DOHENNZAE S | CosoFeso lEIZ & 5 FeiE & D EARM) 72N % fes8 T X 5[3], —J5 T NigFexn & 7z
B4, FMR FCOREOERITITAI L223, FMR FEERERHI 032 SR B ASRER I a3
5 L fafnd HEm N A STz, ORRITFAEHRE O S X 8RBT, Thb
%i@x##FMR@@@ RENSEEN -T2, EERLEZB]L, LLEX Y. FMR T ® CosoFeso
PICTAERSINTEENIC L D2 HREBICHKII L, O5EIfER ézhtt M)A B kL —
A~71174/7&mkbfﬁ%f%ékﬁ a7 3], ZIEUL EORNEITIN A AHF
n%T@wa#—A—7:274/7%L®ﬁn®ﬁﬂ_owf%ﬁﬁé

0r =z
g 60
200 % |/ L
2_ =3 >=.40 F ) o [
S 10l 4Woo g 2 2
Py 200
o
1 1 1 0
-400 -200 0 200 400 0 10 20 30
H-H,,. (Oe) Resonance time (min)
Fig. 1. An EMF property generated in a CosoFeso film Fig. 2. The FMR duration time dependence of the
itself under the FMR. The inset shows the FMR amount of charge from the CosoFeso film.

spectrum of the same CosgFeso film

[1] A. Tsukahara, Y. Ando, Y. Kitamura, H. Emoto, E. Shikoh, M.P. Delmo, T. Shinjo, and M. Shiraishi,
Phys. Rev. B, 89, 235317 (2014).
[2] K. Kanagawa, Y. Teki, and E. Shikoh, AIP Advances, 8, 055910 (2018).

[3]1Y. Nogi, Y. Teki, and E. Shikoh, AIP Advances, 11, 085114 (2021).
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KRR EZE AV - RMEEE DR FH DR
Examination of conditions for record of fine magnetic domains by MO-recording
ERMERK', BHNIK? 2AIX’ °M)FMH HR', kRO #E ",

B S5 BR &1 T 823 Fatima Zahra Chafi'!, 71§ BE=E'

Nagaoka Univ. of Tech. !, Aichi Inst. of Tech. 2, Toyota Tech. Inst.?, °T. Homma', H. Sakaguchi',
H. Nonaka?, S. Sumi?, H. Awano 3, F. Z. Chafi!, T. Ishibashi '

XLBHIZ TFE, T4—T=a2—FFy hT—27 THEL 2> TV 5 IHEEH O KIEA KRS
FREOEEICHET T, RORFHEEH N =2 —F %y T =7 BDIFESN TN 5, Frix
X, JEDEHT & B ORI EH R AR LR EETR T 4 — T =2 —F kv hU—
7 (MO-DNN)Z 2% L, AI#DCEIERATEETH 5 2 & o2 OEREAFIC OV T L7z 12, Al
X, 77 n oA AOMROFEEZALZBHNE L, BROBZALFMHORE 1T T,
EEAZ MXEZIALICIL., AEESBOMEICLY
Gd3GasOn(111)EatR EIT/ER L7z, YosBixsFesGaOiy iM%
(R8577: %1300 Oe) % V=, #EE 405nm O L —H—
2V R Z 5 L A (Mitsutoyo #, G Plan Apo 50X, NA =
0.50) T L, MRDOEKEITT, NN I T7—%
H 100 pm X 100 um O FEPHIZZEH R T L — P — 1
2z BE L, WY A XENEORELTM L2, 20 0
L&, HEEXALOFEME LT L —F—DMEHRE, L
AMg, IR 2 N T A —F L Uz, X OELT, B
WFAR D B BT NGIRE D 2 ot/ fi = FEsr L. Bk
FFNRF O CIRE TIERULT 5 2 & TR,
HREEE Fig | [TEZIALREONRT A —H LREXY
A XOBRE R, T A—F LT HZ LT

3

™~
o

N

i

i

1
1

H = 50 Oe, Pulse width = 4 us
o H =50 Oe, Pulse width = 6 us
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Fig. 1 Laser power dependence of recorded
magnetic domain sizes.

um DL N OX 2 EZIAD DH Z LD AIFEIC R > 72, Fig. 2
(ZRHR TR O T eX N & — o & FEPRITE ZIA A TEREX N
S = DRI B e, EBRTEZIAALLE AR —

100 pm
Fig. 2 (a) Magnetic domain pattern obtained
by a simulation and (b) Kerr image of
experimentally recorded magnetic domain

IZHBDONE — L R IEMEICTEHR T TV AN, FE pattern.

ERHEEREXRLRASRONBREL 20T, LV EMA Y — L OFACE, L—V—
BALMRH —F v MEOBK AT YA R 5 LER D, SHIT, BXAERIL 5 —
VA AN TS RO E OFREAT ) TETH B,

BEIE  AWIIEO —E0I3 ISPS BHIFEF JP23H04803 DBIAL %51 THEMi L 7=,

SEXB 1) T. Fujita et al., Optical Express., 30, 36889 (2022).
2) H. Sakaguchi et al., IEEE Trans. Magn., 59, 1 (2023).
3) LV, Soldatov et al., Appl. Phys. Lett., 112, 262404 (2018).
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ERRKECHEBEEENFZFALABRRERY 00Ky b
Microrobot with external environment memory
using buckled self-assembling magnetic particles
BAEI' °H#OBE' K
Keio Univ. !, °Keio Iguchi!, Toshiharu Saiki'

E-mail: keigo.ca_dr@Xkeio.jp

AWNIANR OB S A BB L | Bl AT AT O o ZAUTBUIEDBRERICK L COR H T,
WEOHEREZ G LICFE BET D, ZHICED ., AT EZRT TEZ, 20X 57k
AW OEEIGRE I 2 BB, WA PR FEEZ AW THEBRTL22L T, /v Marbea
— & DIERLRR, BEREMAM B OB BRA LN TS, FFi~v A 7 B AL ~—LIFIND ., EYD
AR HRECH DIEMIMEER 2 o - fvhm Ay hOBIIIZ. KT v 77 U3 —FEFH nfig
DT, AR TONTWD, ZOX I Ruhe Ry FOHES 2T L L =¥ —
it vy 7 MEERE AE Y I EOBMREREE AT D RMELE LTET b D,
F TR T, B0 ® HET L AT UHREAIER LIc~v A 7 r ek y SO E BEE
(2, Unity3D Z HHWEBES R 2 L—2a U & To o, A 7 mrRy MMEZIZ, BHRICERL
Thkx B 2 BB C & AREAEN & < AERISH &5 T & DIFE “HE 2 E L 72
REMA L., WEICITHED - ORMERL -2 #5#k L7z, $£7o. AE UMGEIL, SR 7 E
1.5~2.0 5 CHRAET 2 IR B CHMIEEZFIA L (K1), ZORE2 B CHBRIEIE, B/
DORELRPB T AERCE 50T, RHEEECIIMI R0, BT A28 ~E £1b
THZETAMBRRICH LT AT Y v R &25RT (K2), ZHICED | BEITZ T ARG
RO L 72 AMBEREE IS U T MBI D ZAUISE - 7o BB EE S b3 %, ZHuiddfatE & A
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Observation of spin signal in NizsFe22/Erqs/FeCo molecular spintronic devices
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FREE[2][3] & i< 72V, £ 2T, AR TIL, JeATIFFE[2],[3] THIVY & 417z tris-(8-hydroxyquinoline)
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Fig. 1 Schematic illustration of Fig. 2 Magnetization curves of Fig. 3 Negative MR effect observed
NizgFez/Ergs/FeCo devices. NizgFe2; and FeCo in the devices.  in the devices.
[1] A.R. Rochaet al., Nat. Mater. 4 (2005) 335. [2] Z. H. Xiong et al., Nature 427 (2004) 821.

[3] I. Angervo et al., Appl. Surf. Sci. 589 (2022) 152854.
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Fabrication of nanoscale magnetoresistance devices using chiral molecules
°Mizuki Matsuzaka', Ryunosuke Miyamoto', Kotaro Kashima', Takumi Ueda’,
Takashi Yamamoto!, Kohei Sambe?, Tomoyuki Akutagawa?, and Hideo Kaiju'-
1 Keio Univ., 2 IMRAM, Tohoku Univ. and *CSRN, Keio Univ.

E-mail: m.matsuzaka@keio.jp

Molecular spintronic devices are attractive owing to the expected long spin diffusion lengths in organic
molecules. Nanosized devices are expected to provide a high spin polarization, leading to a large
magnetoresistance (MR) effect [1]. We have successfully observed MR effect in nanojunctions using high-
mobility molecules sandwiched between two NisgFex thin-film edges at room temperature [2]. Recently,
chirality induced spin selectivity (CISS) effect has been observed in the chiral molecules [3, 4] and attractive
for the application to the MR devices. CISS effect was observed in the Au/chiral molecules/ferromagnetic
materials (FM) micro-devices under a high magnetic field H of ~ 5000 Oe [5, 6]. Here, in this study, towards
the observation of MR effect owing to CISS effect under low magnetic field, we fabricate nanoscale MR
devices, which consist of chiral molecules, N-(35)-3,7-dimethyloctyl[ 1 Jbenzothieno[3,2-b]benzothiophene-
2-carboxyamide (S-BTBT-CONHR) sandwiched between Au and FM thin films with their crossed edges (Fig.
1), and evaluate their structural, electrical and magnetic properties.

Prior to fabricating the devices, we investigated the current—voltage (/-V) curves of S-BTBT-CONHR by
conductive atomic force microscopy (c-AFM) using CoPtCr tips magnetized along the up or down direction.
In these measurements, S-BTBT-CONHR chiral molecules were spin-coated on highly oriented pyrolytic
graphite (HOPG) substrates. The fabrication method of our proposed devices mainly consists of sputtering,
thermal pressing, mechanical cutting, polishing and spin-coating techniques [2]. The electric features of the
electrodes were examined by c-AFM. The magnetic properties of the FM electrodes were evaluated by
magneto-optic Kerr effect spectroscopy (MOKE).

As shown in Fig. 2, the current through a tip with down magnetization is larger than that with up
magnetization in c-AFM studies using magnetized tips. The obtained /¥ curves indicate that using S-BTBT-
CONHR can lead to the observation of a large MR effect due to CISS effect in the nanoscale MR devices.
Fig. 3 shows a c-AFM image of the surface of the Au electrodes (glass/Au/glass). A uniform electrical
conduction along the Au edges is observed. MOKE study reveals that FM electrodes show small coercivities
(< 100 Oe). By using these electrodes for the device, we could observe MR effect based on CISS effect
observed under a low magnetic field of ~100 Oe. This study can lead to the realization of the nanoscale MR
device with high magnetic sensitivity.

Magnetization  s====-

10+ ‘ ' ! ) ' -
Down magneization ;

Up magnetization DDWI‘I magnetization

N

Up magnetization

Teoptcr tip | i \ 2

Glass i ; ; i)

S- BTBT-CONHR JM 1l \4@*‘ . | o

1 0 1 b 0as
Bias voltage (V) Al

Fig. 1 Schematic of FM/S- Fig.2 [-V characteristics of S-BTBT- Fig. 3 c-AFM image of the surfaces
BTBT-CONHR/Au devices. CONHR by a magnetized CoPtCr tip. of the Au electrodes.

Current (nA)
o

[1] C. Barraud et al., Nat. Phys. 6, 615 (2010). [2] M. Matsuzaka et al., Nanoscale Adv. 4, 4739 (2022).
[3] B. Gohler ef al., Science 331, 894 (2011). [4] Z. Xie et al., Nano Lett. 11, 4652 (2011).
[5] M. Suda et al., Nat. Commun. 10, 2455 (2019). [6] C. Kulkarni et al., Adv. Mater. 32, 1904965 (2020).
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Tunnel Magnetoresistance devices fabricated on polyimide film attached to PDMS
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Kyushu Univ. !, °Seiya Oishi!, Yuichiro Kurokawa', Naoto Yamashita', Hiromi Yuasa!

E-mail: oishi@mag.ed.kyushu-u.ac.jp, ykurokawa@ed.kyushu-u.ac.jp

[Introduction] Spintronics devices with sufficient flexibility are very useful because it can be used on a
curved surface like human body. In fact, there have been reports on strain gauges based on spintronics
technology.[1] Flexible applications require the device to be mounted on a film with sufficient flexibility.
However, to use spintronics device on human body, the film needs to have biocompatibility. In this study,
we used a polyimide (PI) film and a PDMS (dimethylpolysiloxane) instead of a rigid Si substrate to
fabricate a flexible and biocompatible magnetic tunnelling junction (MTJ).

[Experiment] First, the PI varnish was coated on the Si substrate by a spin coating. Next, the PI film
was annealed to polymerize PI varnish. Then, the multilayered film, bottom electrode/Ru/IrMn/
CoFeB/MgO/CoFeB/top electrode, was deposited on the PI film by a sputtering method. The multilayer
on the PI film was annealed in a field of 500 mT at 593 K for 1 hour to pin the magnetization of the
pinned layer. The multilayer was patterned into a MTJ by a photolithography and Ar ion milling. Then,
the PI film with the Tunnel Magnetoresistance (TMR) device was peeled from the Si substrate Finally,
the PI film and PDMS were bonded by attaching them.[3] Magnetoresistance (MR) of samples was

measured by the four-terminal method. 12

= Polyimide

[Results] Figure 1 shows MR curves for MTJs on the PI/Si on Si sub.

[

2
IS
substrate and the PI/PDMS, where they are normalized by g 08 |= Polyimide
. . Soc | onPDMS
MR ratio of MTJ on the PI/Si substrate. They showed good 3™ -
. . . . S04
agreement in MR ratio and magnetic properties, that §
202 'i 7
indicates that there is no damage in MR ratio even after
0
peeling process. Therefore, the PI film fabricated by spin -150  -100 -50 0 50 100 150
Magnetic field (mT)
coating method has sufficient flatness and flexibility, and Fig. | MR curves for TMR devices of PI
the devices on the PI film has a high resistance against stress film on Si sub. and that on PDMS

during peeling.

[Acknowledgements] This study was supported in part by the JST, ACT-X Grant Number JPMJAX21KS5.,
KAKENHI JP22KK 0056, JP24H00030, JP24H02235

[Reference] [1] K. Saito, et al., Appl. Phys. Lett, 120, 072407 (2022).

[2] T. P. O. Nguyen, et al., Lab on a Chip, 16, 3251 (2016).
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Influence of potential on vortex spin torque oscillator dynamics
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[1] V. S. Pribiag, et al., Nat. Phys. 3, 498 (2007).

[2] K. Y. Guslienko, et al., J. Phys.: Conf. Ser. 292, 012006 (2011).

[3] A. V. Khvalkovskiy, et al., Phys. Rev. B 80, 140401(R) (2009).

[4] Y. Imai, et al., Sci. Rep. 12, 21651 (2022).

Fig.2 Current dependence of normalized
vortex core distance s for various potential
parameters «;, and a theoretical trend for a
single free layer [4] was also shown. Only
the range of data adequately represented by

the model was shown here.
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High-output-voltage magnetic sensing using magnetic tunnel junctions
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Fig. 1 Magnetic sensing circuit Fig. 2 TMR effect at a frequency Fig. 3 Resistance change AR
using MTlJs. of 320 kHz. dependence of output voltage.

[1] S. Yuasa, T. Nagahama, A. Fukushima, Y. Suzuki, and K. Ando, Nat. Mater. 3, 868 (2004).
[2] T. Scheike, Z. Wen, H. Sukegawa, and S. Mitani, Appl. Phys. Lett. 112, 112404 (2023).
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Investigation of exchange bias field in magnetic multilayer fabricated by coating
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[Introduction]
Flexible spintronics devices that can be placed anywhere, for example the human body or curved
surfaces, are very useful. Giant magnetoresistance (GMR) is one of magnetoresistance that can be
used as a magnetic field sensor. Highly sensitive magnetic sensors can be used as compasses,
magnetocardiographs, or magnetoencephalographs, expanding their applications by introducing
flexibility. To use GMR effect, we need to fix magnetization in a pinned layer by exchange bias. In
this study, we fabricated IrMn/CoFeB bilayer by a simple coating process and observe exchange bias
field to realize flexible GMR sensors with high sensitivity.
[Experiment]
First, we coated a resist which can be removed in organic solvents onto a Si substrate. Next, an
IrMn/CoFeB bilayer was prepared on the resist film using DC magnetron sputtering. Sequentially, the
IrMn/CoFeB bilayer was dissolved with the resist in acetone using an ultrasonic cleaner. Then, the
IrMn/CoFeB bilayer flakes dispersed solution was applied onto the Si substrate. Finally, they were
annealed in an in-plane magnetic field to generate an in-plane exchange bias field. The magnetization
curves before and after annealing were measured with a vibrating sample magnetometer (VSM).
[Result]

Figure 1 is a photo for the IrMn/CoFeB bilayer flakes on Si substrate. The size of flake is a few 100
um and they get twisted. In addition, some flakes rolled up to shape like cylinder with a diameter
around 100 pm. It is necessary to increase the flake
population to electrically connect them. On the other hand,
the magnetization curve measured by VSM shows that the
magnetization of the CoFeB is sufficiently pinned by the

IrMn through the exchange coupling even the flake is not

perfectly parallel to the bias field during annealing. In

addition, exchange bias field was found to develop even in 0.5 mm

the presence of films with roll-up structures. In the future, Fig. 1 Optical microscope
MR will be measured to verify its practicality as a sensor. image of IrMn/CoFeB flakes.
[Acknowledgements] This study was supported in part by

the JST, ACT-X Grant Number JPMJAX21K5, KAKENHI (JP22KK0056, JP24H00030, and

JP24H02235), and Iketani Science and Technology Foundation.
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Dielectric constant and VCMA effect of epitaxial MgO tunnel barrier
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\oltage controlled magnetic anisotropy (VCMA) effect has received much attentions as a magnetization
control technique with ultra-low power consumption. Toward practical applications, further enhancement
of VCMA coefficient has been desired. One approach to further enhance VCMA coefficient is to use high-k
dielectrics for the tunnel barrier. Thus far, incorporation of high-k dielectrics such as HfO,, ZrO,,
Pb(Zr,Ti1«)Os, and SrTiOs has been attempted!l. However, achieving both a large dielectric constant (&)
and a large tunnel magnetoresistance (TMR) ratio is challenging. On the other hand, MgO tunnel barrier
itself has the potential for a larger &: strain induced enhancement of & has demonstrated for rocksalt-type
dielectrics in the pastl. In this study, we investigated the & of MgO tunnel barrier in epitaxial stacks (MgO
sub./MgO (5 nm)/Cr (50 nm)/Fe (0.9 nm)/Ir (0.06 nm)/Co (0.1 nm)/MgO (tmgo nm)/cap structure) and
demonstrated large & > 15, which is more than 50 % larger than that of bulk MgO (& = 10). We found that
the & increases with decreasing tmgo. From in-plane XRD measurements, we clarified that lattice parameter
a of epitaxial MgO tunnel barrier decreases with decreasing tmgo. We interpreted the large & of epitaxial
MgO tunnel barrier in terms of the compressive strain induced enhancement of &. We also investigated the
VCMA coefficient of the epitaxial stacks and confirmed that the VCMA coefficient increases as the &
increases. This study provides a new perspective to the large VCMA effect of the epitaxial stacks and also
demonstrates the importance of the strain engineering.

This work was partly based on results obtained from a project, JFNP16007, commissioned by the New
Energy and Industrial Technology Development Organization (NEDO).

Reference: [1] H. Onoda et al., Phys. Rev. Materials 6, 104406 (2022). [2] E. Bousquet et al., Phys. Rev.
Lett. 104, 037601 (2010).

Table 1. Comparison of dielectric constant &, lattice parameter a, and VCMA coefficient of the epitaxial

stacks with varied tmgo.

tmgo & a VCMA coefficient
4nm 15.9 4147 A (1.5 %) —256 fJ/Vm
6 nm 14.6 4.165 A (1.1 %) —238 fJ/Vm
8 nm 14.1 4174 A (-0.9 %) —226 fJ/Vm
10 nm 13.6 4.186 A (0.6 %) 216 fJ/Vm
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Domain wall motion memory is promising to achieve high-density and non-volatile storage as a
candidate of the next-generation memory. In this memory, logic bits are stored in domains and separated by
domain walls in a ferromagnetic nanowire. By injecting electric current, the logic bits can be carried to
desired storage position due to the domain wall motion. A novel vertical domain wall motion memory
(Figure 1) was designed in our previous work [1, 2]. Micromagnetic simulations showed that it is possible
to obtain a low critical current density Jc (<10 A m?) and a high thermal stability (A > 60, A = Eg/ksT) by
tuning properties of each layer. In this research, we investigated the data-writing and shift processes in a
300 nm nanopillar to show the feasibility of the vertical memory structure.

Multilayers of Si-SiO//Ta(5)/Pt(10)/Co(1.4)/Cu(3)/Co(t)/Pt(t2)/Co(t1)/Cu(3)/Pt(3) with wedge-shaped
Co and Pt were deposited using sputtering. Here, t; and t in the parentheses indicate the thickness gradients.
Pt was selected as the material for the bottom electrode to induce spin-orbit torque (SOT). Nanopillars are
fabricated by electron beam lithography and Ar etching. A sudden resistance change in the hysteresis
measured by the giant magnetoresistance (GMR) effect indicated a perpendicular easy axis of each layer. A
canted-magnetic-field-assisted SOT switching of the downmost layer was observed for the data writing.
When out-of-plane current pulses are injected into the nanopillar, the data in the writing layer can be further
transferred to the second layer by spin-transfer torque (STT). Continuous data writing and shift can be

achieved by repeating these two operations.

bit line select transistor

data reading bit line (read)

} magnetic tunneling
junction (MTJ)

strong coupling
layer for storage

integration

weak coupling
layer carries DW

data writing

(pinning layer) word line (write) . .
word line select transistor

Figure 1. A vertical domain wall motion memory cell and integrated high-density storage arrays.

[1] Y. Hung et al., J. Magn. Soc. Jpn., 45, 6 (2020). [2] Y. Hung et al., Appl. Phys. Express, 14, 023001
(2021).

© 2024%F [CRAYEER 09-111 10



19p-P06-47

GdFe BEVERIRR I 31T 2 EIREEBIRAEE DREKOL F R R DS
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Figure 1 {2 MO Z#EIEH > A7 A% 7~7. MO 5 58 HITITE R 780 nm @ L—H % vy, Fik
fERE 13 Pt(5 nm) / GdFe(20 nm) / SIN(10 nm) T 5. Figure 2 (Z (ZAMHRIE 3 pm ORFRH %12 1 MHz
DL IV AN E G LT & &0 MO BEHORIERRETRT. 2 DD7 + N A A — ROEHHR
HWZIXT U X VA v r o5 X Bz AWz, ZO/E, L—FOLEFICFEB Lz MO 5 5035
b, BIZEE T T EHOIUIEFZUGETE S LB 2615, £7- MO 15 OB IRIK T
P % Figure 3 1277, AMFRIE 2 pm £ TEBIHREN—E T, HIFRIE 1 um 12725 KT LTS,
ZHEFLV—YRE Y hO=T ) —EEN 19um THHZ LICERLTWS EEZ 5N, SH%EE
BRENUERED Y T2 A LREZEATO FETH D.
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Figure 2 Detected MO signal in the
wire of 3um width.
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Figure 1 MO differential detection system. Figure 3 Dependence of MO signal

amplitude on wire width.
[1] Caretta et al., Nature Nanotechnology 13, 1154 (2018).

[2] N. Suzuki et al., The 68th Annual Conference on Magnetism and Magnetic Materials SP-05, 2023.
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Comparison of current-driven DW velocity of GdFe wire between magnetic field recording and
magneto-optical recording
EHIEKRSE OM)MHARNSZE, M. Mohammadi, BREK, BAAEL RHigz,
Toyota Tech Inst., K. Wainai, M. Mohammadi, S. Sumi, K.Tanabe and H. Awano
E-mail: sd22442@tti-j.net
IRYHEEE ) CARHEIE 2. REMERERR A & V137 — Z5ied EE o K7z m L2 S Tnd, 2
UE TITREMEMRR A E U %2 FEBLT 2720 MBIR 1Sk 58 OB RS 5 M 1 % — 28 3[ 2]
DBLED G, EEE(DW)BRE) O Bl I plelh LT UR D ERE SN TV 5, BB A EVIZT — 4
e EZIATRENRTGIEL, BRNORETIWNEZFMNTLHETH L, ZOHFETIE, &EHilt
WM 2O DEHERBRN LI L 70D, —F, L= oL R L TF —& itk TE i,
B2 728D 10 B2 R T de, £ 2 CL bL— Y 2RI L 72X & RERERRE) 21T > 72,
F 77, Pt(5 nm)/GdzsFers(20 nm)/SiN(10 nm) Z f&J& L 7= 4% 1E CIE 1 um OFIFRIC, L —F 2 BRE L,
BB PCRRIT oo THREE  OeBEKFLamEE) 2Rk Lo, £7o, MG 252 LT v
— P a HWTICHEE (RS GLEEEE) 2 TER L7, RIS, MRS SV AR ZHIIN L. BREEEKE)
BEEAMIE Lz, #5%8% Fig. 2 IR T, Fig. 2 X 0| JeRIKECERMGEE D E N i bRV 2 & AN
%o Fig. LITRT & 91T, HHEKELERIT K D MEBEIZ AT — JERERE = % L —3 R85 2 & THERED
A B DAE PRI 22D | SNBRES TR L 7o iEiE X 0 b ERE) Lo < kol B X

HTENTED,
H=00e &
l_\ 800
Magnetic field recordin, Magneto-optical recordin % 700 PY L]
]
Y. . 600 | LN
H-H, Oc ® ; ® H=H, 0e @ © ® £ .; 2.
(HpH) — — < 500 | B S o
Magnetization reversal by The DW energy of the laser z ‘ A P
external magnetic field(H,). irradiated area is lowered. = 400 f x
¥ E
£ 5
1 H=H, ® . ® ‘g 300 “ ® Magneto-optical recording
4 W Magnetic field recording 1
Magnetization reversal by =] 200 . aene fc -l-c reeor fng
external magnetic field (Ha). 4 Magnetic field recording 2
100
_— —_—
\ I I 1 1 1 1 1
H=00e ® | ® H-00e ®1 © ' ® 0
—_ —_— 01 2 3 4 5 6 7 8 9
DWs are fixed when the external magnetic field is set to 0 Oe. Current density { X101 A/mz)
Fig. 1 Formation process of two types of DWs. Fig. 2 Comparison of DW velocity between two types of

DWs. Magnetic field recording 1 is an isolated magnetic
domain. Magnetic field recording 2 is a non-isolated
magnetic domain.

[1] S. Ranjbar et al., Materials Advances 3, 7028-7036 (2022).
[2] M. Mohammadi et al., Applied Physics Letters, 123, 202403 (2023)
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Effect of Pulse Duration on Domain Wall Motion in Ferrimagnetic GdFe Nanowires
Mojtaba Mohammadi*, Satoshi Sumi, Kenji Tanabe, and Hiroyuki Awano
Spintronics Laboratory, Toyota Technological Institute, Nagoya, Japan

*E-mail: mojtaba_mohammadi@toyota-ti.ac.jp

The advancement of low-energy memory devices necessitates the exploration of novel materials and fabrication
techniques [1,2]. Here, we report on the fabrication and characterization of nanowires composed of ferrimagnetic
GdFe thin films, deposited on a naturally oxidized Pt sublayer, and with a SiN protective layer. Utilizing electron-
beam lithography and a lift-off method, we successfully fabricated nanowires with a width of 1um. The primary
focus of this study was to investigate the domain wall motion (DWM) within these nanowires under the application
of voltage pulses of varying durations (1, 3, 5, 10, 20, and 30 ns). Our measurements revealed that the maximum
DW velocity of around 1800 m/s was achieved with a 1 ns pulse duration. This high velocity is attributed to the
effective spin-orbit torque (SOT) induced by the Pt under-layer, which enhances the efficiency of current-driven
DWM. Notably, the current threshold for initiating DWM was approximately 7 x 10° A/m2. The presence of the
Pt under-layer is crucial in achieving this low current threshold, as it promotes a strong spin Hall effect, thereby
increasing the spin current density and reducing the required charge current. Interestingly, our results demonstrated
that while DW velocity generally increases with current density, a deviation occurs for pulse durations of 20 ns and
30 ns. In these cases, the DW velocity increases with current density up to a maximum point, beyond which further
increases in current density result in a decrease in velocity. This phenomenon may be attributed to the onset of the
Joule heating effect [3] that impedes DWM at higher current densities over longer pulse durations. The results of
this study demonstrate the feasibility of using ferrimagnetic GdFe nanowires, coupled with a Pt under-layer, for

high-speed, low-energy memory applications.
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Fig. 1. DW velocity vs. current density for a wire with 1pm width and under pulse durations of 1, 3, 5, 10, 20, and 30ns.

Acknowledgment: This research was partially funded by the research center for smart photons and materials of Toyota Technological

Institute.

References: [1] S. S. Kim, et al., Nat. Mater., 21 (2022) 24. [2] K. Cai, et al, Nat. Electron., 3 (2020) 37. [3] S. Ranjbar, et al, Mater.
Adv. 3 (2022) 7028.
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SRTTINA REBELEMMBERER~NOEERLED/FR
Fabrication of perpendicular magnetic anisotropic films on the side of uneven structures
toward 3-dimensional devices
EHIX', AX? CMHREEt', RJKE—K:, BRR' XEHHEz' BIEL’
Toyota Tech Inst.!, Kyushu Univ.2, Y. Yasudal, Y. Kurokawa?, S. Sumi!, H. Awano! and K. Tanabe'
E-mail: sd24448@tti-j.net
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Fig. 1 Sample fabrication procedure for nanoimprinting H (kOe)
(a) Prepare a sample and a mold Fig. 2 M-H curves and schematic of
(b) Crimp the sample and the mold magnetization directions. Red circle and blue
(c) Transfer the mold structure to the sample triangle indicate the samples nanoimprinted

after and before sputtering, respectively.

[1] A. Fernandez-Pacheco et al., Nature Communications 8, 15756 (2017).

[2] R. Lavrijsen et al., Nature 493, 647 (2013).

[3] G. Gubbiotti, Three-Dimensional Magnonics, Jenny Stanford Publishing (2019).
[4] S. S. P. Parkin et al., Science 320, 190 (2008).
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Room-temperature flexible manipulation of the quantum-metric structure in a
topological chiral antiferromagnet

Jiahao Han®?*, Tomohiro Uchimural®, Yasufumi Araki4, Ju-Young Yoon'?, Yutaro Takeuchi?, Yuta
Yamane®®, Shun Kanail236789 Jun’ichi leda*, Hideo Ohnol23810 & Shunsuke Fukamil23810.11

RIEC, Tohoku Univ. 2AIMR, Tohoku Univ. 3Grad School of Eng., Tohoku Univ. *ASRC, JAEA. 5FRIS,
Tohoku Univ. SPRESTO, JST. ‘DEFS, Tohoku Univ. 8CSIS, Tohoku Univ. °QST. 1°CIES, Tohoku Univ.
1naRIS. *Presenter email: jiahao.han.c8 @tohoku.ac.jp

The quantum metric and Berry curvature are two fundamental and distinct factors that describe the
geometry of quantum eigenstates. While the role of the Berry curvature in governing various
condensed-matter states has been investigated extensively [1,2], the quantum metric, which was also
predicted to induce topological phenomena of equal importance [3], has rarely been studied. Recently, a
breakthrough has been made in observing the quantum-metric nonlinear transport in a van der Waals
magnet [4,5], but the effect is limited at cryogenic temperature and is tuned by strong magnetic fields of
several teslas. In our study [6], we demonstrate room-temperature manipulation of the quantum-metric
structure of electronic states through its interplay with the interfacial spin texture in a topological chiral
antiferromagnet/heavy metal MnzSn/Pt heterostructure (Fig. 1a), which is manifested in a time-reversal-odd
second-order Hall effect (ScHE) (Figs. 1b and 1c). We show the flexibility of controlling the
guantum-metric structure with moderate magnetic fields and verify the quantum-metric origin of the
observed ScHE by theoretical modeling (Fig. 1c). Our results open the possibility of building applicable
nonlinear devices by harnessing the quantum-metric structure of electronic states.

A portion of this work is supported by JSPS Kakenhi Grant Nos. 19H05622, 22K03538, and
22KF0035, MEXT Initiative to Establish Next-Generation Novel Integrated Circuits Centers (X-NICS)
Grant No. JPJ011438, and Casio Science and Technology Foundation Grant No. 40-4.

[1] D. Xiao, et al. Rev. Mod. Phys. 82, 1959 (2010). [2] L. Smejkal, et al. Nat. Phys. 14, 242 (2018). [3] Y.
Gao, et al. Phys. Rev. Lett. 112, 166601 (2014). [4] A. Gao, et al. Science 381,181 (2023). [5] N. Wang, et al.
Nature 621, 487 (2023). [6] J. Han, et al. Nat. Phys. https://doi.org/10.1038/s41567-024-02476-2 (2024).
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Fig. 1. a, Chiral-spin structure with out-of-plane canting in MnsSn/Pt (upper panel), which leads to specific
guantum-metric structure (lower panel) as the origin of the ScHE, that is, the Hall current j’ is quadratic to
the applied current j. b, Device connected to an alternating current source and a lock-in amplifier to
measure the second-harmonic Hall signal to probe the ScHE. A magnetic field H that can rotate in the
sample plane is applied. ¢, Experimental and theoretical SCHE as a function of the applied magnetic field
angle. The field strength is fixed at 0.4 T.
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Magnetic Phase Diagram of Non-Collinear Antiferromagnet Mns.xSn;x Thin Films

°K. Gas™?, J.-Y. Yoon**, Y. Sato**, H. Kubota®*, J. Z. Domagala?, P. Dluzewski?,
Y. K. Edathumkandy?, Y. Takeuchi**®, S. Kanai®**"#° H. Ohno"%*>°,
M. Sawicki®?, and S. Fukami®**>1°
1 CSIS, Tohoku Univ., % Institute of Physics PAS, ® Laboratory for Nanoelectronics and Spintronics,
RIEC, Tohoku Univ., * Graduate School of Engineering, Tohoku Univ., > WPI-AIMR, Tohoku
Univ., °ICYS, NIMS, " PRESTO, JST, ® DEFS, Tohoku Univ., ° NIQST, *° CIES, Tohoku Univ.

E-mail: gas.katarzyna.a2@tohoku.ac.jp

Non-collinear antiferromagnetic DO03o-Mn3,Sny« exhibits various intriguing properties akin to
ferromagnets, such as a large anomalous Hall effect (AHE) arising from the Berry curvature associated
with Weyl points [1]. Since its properties are expected to significantly change with the Mn content x
through the position of the Fermi level [2] as well as other factors [3,4], the development of systematic
knowledge on the role of x in Mns.,Sn on its physical properties is timely and important.

We comprehensively study structural (XRD, TEM), magnetic,

and magnetotransport (AHE) [with different temperatures 400 | MN3nSN1x

paramagnetic
(4400 K)] properties of m-plane-oriented epitaxial Mnz,Sni, w
< 300 |

(-0.03 <x < +0.23) thin layers deposited by magnetron sputtering g commensurate
[5]. This effort allows us, for example, to construct x-dependent %200

magnetic phase diagram (Figure), in which the most profound 5100

feature is the disappearance of the transition (at temperature T;) incommensurate |
between an anti-chiral commensurate phase (inverse triangular Ly 01 02

antiferromagnetic  order) to a non-coplanar modulated Composition, x

incommensurate phase [6] for x > +0.15. This indicates that the inverse triangular antiferromagnetic order
exhibiting large AHE can be stabilized down to the liquid He temperatures in thin layers of Mn-rich
Mns.,Sny. We also find that the Néel temperature (Ty) depends on the Mn composition and correlates with
the simultaneous change in the lattice parameter. Our work broadens the understanding of the correlation
between the structural and magnetic characteristics of Mn3Sn thin films towards developing novel devices.
Acknowledgments: This study has been partly supported by TUMUG Support Program from Center for
Diversity, Equity, and Inclusion, Tohoku University, and by JSPS Kakenhi 19H05622, 21J23061,
24KJ0432, and 24H00039.

[1] S. Nakatsuji et al., Nature, 527, 212 (2015). [2] K. Kuroda et al., Nat. Mater., 16, 1090 (2017). [3] J.-Y.
Yoon et al., AIP Advances 11, 065318 (2021). [4] T. Uchimura et al., Appl. Phys. Lett. 120, 172405 (2022).
[5] J.-Y. Yoon et al., Appl. Phys. Express, 13, 013001 (2020). [6] Y. Chen et al., arXiv:2306.07822v3
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Improved magnetic properties in CoFeB/MgFeO multilayers with
Fe segregated interfaces
AIST !, “Tomohiro Ichinose!, Tatsuya Yamamoto!, Takayuki Nozaki'!, Kay Yakushiji!, Shingo
Tamaru!, Shinji Yuasa!
E-mail: tomohiro.ichinose@aist.go.jp

Introduction Large perpendicular magnetic anisotropy (PMA) and low magnetic damping (a) in
CoFeB/MgO junctions are necessary for magnetoresistive random-access memory applications to realize a
long data retention time and low writing energy. Since the PMA and a are sensitive to quality of the
CoFeB/MgO interface, various approaches have been attempted to modify the CoFeB/MgO interface. An
interesting example is the use of MgFeO instead of MgO; it has been revealed that Fe atoms in the MgFeO
layer segregated at the CoFeB/MgFeO interface after annealing. [1] Although the segregated Fe may play a
key role on the PMA observed in CoFeB/MgFeO, the chemical and magnetic properties of the segregated
Fe remain undefined. In this work, we investigated the properties of Fe segregated from MgFeO and its
influence on magnetic properties of CoFeB/MgFeO. [2]

Experiments CosoFesoBao(tcores)/MgO(tme0)/MgaoFe100s0(tmere0) multilayers were deposited by sputtering
on Si/Si0, wafers with buffer layers. The multilayers were annealed at 300 — 400°C in a vacuum furnace.
X-ray photoelectron spectroscopy (XPS) measurements were conducted to evaluate the chemical states of
Fe in the multilayers. Magnetic properties of the multilayers were measured with vibrating sample

magnetometry and vector network analyzer ferromagnetic resonance.

Results Figure 1 shows Fe-2p XPS profiles taken from the

multilayer annealed at 300°C. As had been expected, the Fe-2p Ru (3 nm)

Fe

XPS profiles showed that Fe atoms in the CoFeB layer were
metallic whereas the MgFeO layer consisted of FeO. In contrast,

XPS profiles taken from the MgFeO/Ru interface exhibited

peaks corresponding to metallic Fe, which revealed that FeO in

the MgFeO layer was reduced to metallic Fe associated with

CoFeB

—

Intensity (arb. unit)

interfacial segregation. As for the magnetic properties, the

CoFeB/MgFeO based multilayers exhibited 1.2 times larger

Buffer

L i) i

PMA compared with CoFeB/MgO multilayers. We also report 740 730 720 710 700
Binding Energy (eV)

Si/Si0,

clear reduction of a in the CoFeB/MgFeO multilayers.

Acknowledgements This presentation was partly based on Fig I XPS spectrain CoFeB/MgFeO

results obtained from a project, JPNP16007, subsidized by the New Energy and Industrial Technology
Development Organization (NEDO).

References [1] K. Yakushiji et al., AIP Adv. 8, 055905 (2018). [2] T. Ichinose et al., APEX 16, 113002
(2023).
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Characterization of spin polarization in ordered Co-based full Heusler Co2FeAly.33Sio.¢7
alloy thin films using nano-contact Andreev reflection technique
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The performance of spintronics devices such as magnetoresistive random access memory and highly
sensitive sensor, requires the use of ferromagnetic materials with a high spin polarization ratio. The half-
metallic nature of Co-based full Heusler CooFeAlssSis7 (CFAS) alloys is promising for such devices. The
spin polarization of Co-based full Heusler alloys depends on the atomic order in the ordered structures
characterized by degree of order!'! and thus both measurement for the same films is necessary to develop
highly spin polarized full-Heusler alloy films. Spin polarization can be accurately measured using nano-
contacts Andreev reflection (NCAR) technique!”’ because, the cleanliness contact interface between
ferromagnets and superconductors can be kept. In this study, we fabricate nano-contacts junction of CFAS
and superconductor Nb by microfabrication, and measured spin polarization of the B2-phase CFAS thin film
by NCAR technique.

The CozFeAlo33Sio.s7/Nb junctions was fabricated from a structure of _ Reterence

MgO(001) substrate/CFAS(70 nm)/Nb(70 nm)/Cr(25 nm)/W(120 (

Current source DC monitor( v ) | Lock-in Amp

nm)/Cr(25 nm), which is forme using a facing target sputtering system. Pillar diameter
50 nm
The CFAS layer was deposited at a substrate temperature of 400°C to form W
the B2 structure. The degree of B2 order was approximately 100%. Figure =,
MgO Sub.

1 shows the device structure and measurement configuration. The device i ]
Fig. 1 Device structure and
was patterned into a 50 nm diameter of pillar using electron beam measurement configuration
lithography technique to increase the junction resistance of the CFAS/Nb 105
interface. Additionally, the pillar was headed by etch-back

Benzocyclobutene insulating layer by reactive-ion etching to ensure

sufficient contact between the pillar and electrodes. The differential §3 09
] P=0.54
conductance dI/dV of the device was measured with lock-in amplifier at £ 500%™
7z R=600
4.2 K in LHe. Figure 2 shows normalized d//d}V as a function of voltage "ie 4 2 0 2 4 6 s

Voltage [mV]

applied to the sample. Th residual and parasitic resistances were Fig. 2 Normalized differential

conductance d//dV of

numerically subtracted. The obtained curve was fitted by an improved '
CFAS/NbD interface at 4.2 K

Blonder-Tinkham-Klapwijk (BTK) model®! to evaluate the spin

polarization P. From fitting the spin polarization was determined to be P = 0.54 with A =3.00 meV, Z=0.15.
Acknowledgements: We thank ARIM at Tokyo Institute of Technology for help microfabrication system.
Refs: 1. Y. Takamura et al., J. Appl. Phys. 105, 07B109 (2009). 2. 1. Shigeta et al., Appl. Phys. Lett. 112,
072402 (2018). 3. G. J. Strikers et al., Phys. Rev. B 63, 104510 (2001).
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Large Magnetoresistance and High Spin-Transfer Torque Efficiency of CooMn.Fe1-«Ge (0 <x
<1) Heusler Alloy Thin Films Obtained by High-Throughput Compositional Optimization
Using Combinatorially Sputtered Composition-Gradient Film

Vineet Barwal, Hirofumi Suto, Ryo Toyama, Taisuke Sasaki and Yuya Sakuraba

Research Center for Magnetic and Spintronic Materials,
National Institute for Materials Science (NIMS), Tsukuba, 305-0047, Japan

E-mail: BARWAL.Vineet@nims.go.jp

Half-metallic ferromagnetic Heusler alloys having high spin polarization have been studied for their potential
spintronic  applications [1,2]. For certain applications such as current-perpendicular-to-plane giant
magnetoresistnace (CPP-GMR) read heads, achieving low process temperature, typically below 350°C, is crucial.
Moreover, composition tuning is known to be an important factor to enhance the magnetic properties of the Heusler
systems, and we developed an experimental method for detailed high-throughput composition optimization using
combinatorially sputtered composition-gradient film [3]. In this study, we apply the developed method to
Co-Mn,Fe;.«Ge (0<x<1) and report high-performance CPP-GMR properties obtained at lower process temperature.
Figure (a) shows the deposition process of the composition-gradient thin film. The CPP-GMR stacks shown in Fig.
(b), containing composition-gradient Co,Mn.Fe;.,Ge were deposited and processed at different post-annealing (PA)
temperatures. Figure (c¢) shows the position dependence of the atomic concentration in the Co,Mn,Fe;.«Ge film. The
XRD measurement revealed the epitaxial and largely single-phase structure throughout the composition range
and improved atomic ordering with annealing temperature. The change in MR ratio with Mn content for the
stacks annealed at different temperatures is shown in Fig. (d). In the as-deposited sample, the MR ratio
exhibited gradual change with Mn content. The CFG side showed lower MR ratio ~ 2.5% and the CMG side
showed slightly higher MR ratio ~ 5%. In the 250°C PA sample, the MR was greatly enhanced and exhibited
the following clear composition dependence. The MR ratio was ~ 22% at x = 0, increased gradually with
increasing x, and showed a maximum MR ratio of ~35% at around x= 0.85. Then it decreased to the CMG
side. In the 350°C PA sample, MR was further enhanced with maximum MR ratio of ~ 45% in the broad x
range. The trend of MR ratio versus x changed from the case of 250°C PA sample. First, it increased in the x
range of 0-0.2, stayed almost constant in broad x range of 0.2-0.7, and then abruptly decreased near the CMG
side. The optimal composition for the highest MR changed with annealing temperature because of the stability
of the GMR stack being higher in the lower x range. We achieved record high MR for the CPP-GMR devices
at relatively low annealing temperature of 250°C by the present composition optimization method. The results
provide comprehensive guidance on the composition optimization to obtain large MR ratio and high STT efficiency
in the CPP-GMR devices employing Co,Mn,Fe;..Ge at relatively low process temperature. In the presentation, the
results related to high STT efficiency will also be discussed. The authors acknowledge the support from Advanced
Storage Research Consortium (ASRC) and JST CREST Grant No. JPMJCR2101.

(a) Combinatorial Sputtering (b)  Sample Configuration (c} Concentration Variation (d) CFG Composition gradient CMG
substrato region region region
N Mn content, x 60 A —— >
ter L 0.00 0.23 058 0.88
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~ Cumpu»!u Jadel(CMFG)Iaver Cr:;:n ° g = = 10
y 00 35 70 105 140 175 .
X position (mmy) oL . I-"-:' i 4
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Figure: (a) Schematic showing the Combinatorial sputtering process. (b) Configuration for the CPP-GMR stack. Post-
annealing was done after the deposition of the upper Co.Mn.Fe .«Ge layer. (c) Variation of atomic concentration in
Co-Mn,Fe;..Ge composition-gradient film. (d) Change in intrinsic MR ratio with Mn content for the CPP-GMR stack
with different annealing temperatures.
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Positive and negative anomalous Nernst coefficients in 2 - dimensional layered MnAIGe
thin films with large magnetic anisotropy
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Ferromagnets with remarkable transverse transport properties, low saturation magnetization (), and high
uniaxial magneto crystalline anisotropy constant (K,) are attracting attention for application in
thermopower devices [1]. MnAlGe is an emerging material class with various interesting properties owing
to a layered topological nodal line. Reports on the temperature dependence anomalous Nernst effect (ANE)
and anomalous Nernst conductivity (etxy) in this class of materials are, however, very limited [2-3]. In this
study, the ANE in MnAlGe film with a pseudo-two-dimensional structure consisting of Mn and Al-Ge
layers was investigated over a wide temperature range (10-400 K). Using sputtering, the Mny.g2Alo.93Ge1.04
films were grown epitaxially on single-crystal MgO (001) substrates. The Ms was as low as ~260 emu/cc
and K, was as high as ~6 Merg/cc. The relatively large anomalous Hall angles of ~0.032 (0.02) were
obtained in the film at 25 (300) K, which could be attributed to layered topological nodal lines in these
materials [2].T The observed anomalous Nernst coefficient (Sang) of ~2.0 (-0.5) wV/K [Fig. 1(a)] and
anomalous Hall conductivity (c*xy) of 656 (138) S/cm [Fig. 1(b)] yielded axy of 4.5 (-0.17) A/(m K) at 25
(300) K [Fig. 1(b)], respectively. The sign change in Sane occurs at 125 K, which was not observed in the
anomalous Hall effect of the film. We performed the first-principles calculation of e, at 300K and found

axy shows the negative sign which agrees with the experimental observation.

241 (a) —0—5,(S,,) 700+ -5
1.8 Single crystal MnAIGe 600 4
g 1o T 5001 3%
= © 4004 £
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2 epi. Mn, o:Al, ,.,Ge %
3 2300 F
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Figure: (a), (b) Temperature dependence of anomalous Nernst coefficient (Sang), anomalous Nernst
conductivity (atxy), anomalous Hall conductivity(c*xy) and comparison with existing Sang values for

different material in the literature [4] at 300K.
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Direct-Contact Seebeck-Driven Transverse Magneto-Thermoelectric Generation
in Magnetic / Thermoelectric Bilayers
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Transverse thermoelectric generation can convert temperature gradient (VT) in one direction into electric
field (E) perpendicular to that direction, where the anomalous Nernst effect (ANE) observed in magnetic
materials is a well-known example. The orthogonal relationship between VT and E allows the
thermoelectric module to have a simple two-dimensional structure made of connecting wires on a surface,
which is beneficial for better flexibility and scalability while avoiding some challenging problems facing
modules based on the Seebeck effect (SE) [1]. However, the transverse thermopower of ANE is still small
compared to the longitudinal thermopower of SE of thermoelectric materials, and further enhancement is
strongly required for applications. Recently, significant enhancement of transverse thermopower is observed
in closed circuits consisting of magnetic and thermoelectric materials, which is referred to as the Seebeck-
driven transverse magneto-thermoelectric generation (STTG). The strong SE of the thermoelectric material
generates a large longitudinal charge current in the magnetic material, which is then converted to the
transverse direction by its anomalous Hall effect, leading to a giant transverse thermopower [2]. However,
the formation of a closed circuit requires electrical connection only at the two ends along the direction of VT
but insulation in between, which could be a complicated structure to fabricate and hinder its wide adoption.
In this study, we realize STTG in the simplest way to combine magnetic and thermoelectric materials, namely,
by stacking a magnetic layer and a thermoelectric layer together to form a bilayer. Different from the closed
circuit used in previous studies of STTG, the magnetic and thermoelectric layers are in direct contact over
the entire interface. We model the magnetic / thermoelectric bilayer and derive the expression for its
transverse thermopower, which varies with changing layer thicknesses and peaks at a much larger value under
an optimal thickness ratio (Fig. 1). We reproduced this behavior in the experiment. We measured the transport
properties of a serial of samples, which are prepared by depositing Fe-Ga alloy thin films of various
thicknesses onto n-type Si substrates. Here, the Fe-Ga film is the magnetic material, while the n-type Si is
the thermoelectric material. The predicted tendency of

transverse thermopower is nicely reproduced by the

measured results as shown in Fig. 1. The value obtained v
. - 120

from the sample with optimized layered structures =

reaches 15.2+0.4 pV K™, which is a fivefold increase o 115 )

from that of Fe-Ga alloy and much larger than the Fe-Ga / Si bilayer . LI §_
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current room temperature record observed in Weyl Galeulztion o o] 10 E
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potential in combining magnetic and thermoelectric 15 P
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materials for transverse thermoelectric applications [3]. 0
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[1] K. Uchida et al., Appl. Phys. Lett. 118, 140504 te ! (ty + te) -
(2021).

Fig. 1 Transverse thermopower of Fe-Ga / Si
[2] W. Zhou et al., Nat. Mater. 20, 463 (2021).

] bilayer as a function of thickness ratio between
[3] W. Zhou et al., Adv. Sci. 11, 2308543 (2024).

the magnetic layer thickness (#v) and the total
thickness of bilayer (tm + 7).
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Anomalous Nernst effect and magnetic structures of Pd/Co multilayers
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Abstract

In recent years, the anomalous Nernst effect (ANE) has been attracting attention because of its application
to a sustainable energy source. The ANE, the thermal counterpart of the AHE, is phenomenon that converts
heat flow into transverse voltage in magnetic materials and therefore magnetic structures and their dynamics
are thought to be greatly important. Actually, there have been many interesting reports such as observation
of topological contributions to the AHE and ANE!!] with chiral magnetic structures like magnetic skyrmions
and prediction of transverse magnon-drag effect?l’ We have presented the ANE in chiral magnetic samples
and discussed their magnetic structures and the ANE. In this talk, we focus on the magnetic structure at each
point in a magnetic hysteresis loop and investigate relationship between their magnetic structures and the

AHE and ANE.

Experimental method

[Pd (tpa nm) / Co (0.2 nm)]i5 (zpa =1.0, 1.5, 2.0, 2.5, and 3.0) films were grown onto thermally oxidized Si
substrates by using magnetron sputtering at room temperature. After the growth, we applied some optional
magnetic fields to films and characterized their magnetic structures by magnetic force microscopy (MFM).
Then, we performed the AHE and ANE measurements by Physical Properties Measurement System (PPMS).
We also conducted Scanning Transmission X-ray Microscopy (STXM) measurements for a [Pd (1.0 nm) /

Co (0.2 nm)]sp film grown on a SiN membrane and observed its magnetic structures.

Result

Figure 1 shows a STXM image of a [Pd (1.0 nm) / Co (0.2 nm)]so film. As

shown in the figure, the film exhibits an obvious particle-like magnetic structure

and this looks same as that observed by MFM. In our presentation, we will focus

on the evolution of magnetic structures with magnetic field and discuss relation

i

‘ .,
with the AHE and ANE. ’ ;

s

_.'S'Mﬁ:m
Reference Fig 1 STXM image of
[Pd (1.0 nm) / Co (0.2
[1] Max Hirschberger et al., Phys. Rev. Lett. 125, 076602(2020). nm)]so film.

[2] Jun-ichiro Ohe et al., Appl. Phys. Lett. 117, 062404(2020).
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Observation of the giant anomalous Nernst effect
in the Weyl ferromagnet Co:.MnGa polycrystalline films
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Recently, topological band structures have been extensively studied, and their unique properties have
attracted attention in a wider field, especially in spintronics. In particular, magnetic Weyl materials such
as Mn3;Sn and Co,MnGa show large anomalous Nernst effect (ANE) due to the enhancement of
transverse transport properties by the Berry curvature[1]. Moreover, ANE has a role as a probe of the

topological band structure, which reflects the Berry curvature near the Fermi energy[2,3].

On the other hand, polycrystalline films that can be fabricated on amorphous templates should
contribute to the realization of embedded and/or flexible thermoelectric devices such as heat flux sensors
using ANE[4—6]. Transport properties derived from the topological band structure are resilient to
disorder and impurities in the required crystal structure, and even polycrystalline samples may exhibit a
large transverse response comparable to that of single crystals if the quality of each crystallite is
sufficiently high. However, the largest ANE grown on an amorphous template is only ~—3 uV/K for the
Fe—Al thin film grown on a SiO,/Si substrate[4]. Relatively large ANE has been observed in Co.MnGa
using a stacked structure with AIN to promote crystal growth[7], but there have been issues such as the

unavailability of interfaces that are important in spintronics.

In this study, we report the largest ANE of —5.4 uV/K in Co,MnGa film on the amorphous template
of the Si0,/Si substrate directly by successfully fabricating polycrystalline film with hlgh quality crystal

grains  using a  sputtering = 12f _ m; Film on Film on 2
L . %2 single crystal template amorphous template i
method[8]. Establishing a thin-film €[ sige = = s 28
Z 5| POV g9 o 2=
fabrication technique capable of < i % a8
. . . 8 61T Ozs3
producing a giant ANE facilitates ! \ 9 §5,,,
X S
. . 0 w =
not only thermoelectric devices but = ee
: . - &
also spintronic applications of the 0

Single-layer  (UIV{EVE

Weyl ferromagnet. Figure: Comparlson of the size of the room temperature ANE[8].
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[ Introduction]  Anti-perovskite MnsN-based compounds
have attractive characteristics such as magnetic compensation (@) MnyN (b) Mn,CuN
(MC) compositions of ferrimagnetism and noncollinear
magnetic components!'! (Fig. (b)) which can contribute to
efficient magnetization dynamics®¥! and out-of-plane spin
polarization™. Mns—,Cu,N is one candidate that has such an
MC composition. R. Zhang et al. reported the MC composition
of bulk polycrystalline Mns—,Cu,N®. However, the MC
composition of Mns—,Cu,N film is not clear. In this work, we (T<143K)

investigate the magnetic properties of c-axis oriented epitaxial ~Fig. 1. Crystal and Magnetic structure
films at room temperature (RT). of (a) MnyN and (b) Mn;CuN.

[Experiment] 10-nm-thick Mny_.Cu,N films (x = 0.0-1.0)
were prepared on SrTiO3;(001) substrates by molecular beam
epitaxy method. Epitaxial growth was confirmed by reflection
high-energy electron diffraction (RHEED). The magnetic
properties were measured using a vibrating sample
magnetometer (VSM) at RT. The field was applied in the [001]
direction.

[Results and discussion] Figure 2 shows RHEED images
for Mns—Cu,N films taken along the [001] and [110] azimuths.

These sharp and streaky patterns indicate the epitaxial growths Fig. 2. RHEED images of Mn, . CuN
of MnyCu,N layers on SrTiO3(001). Figure 3 shows the taken along [001] and [110] azimuth.

composition dependence of the magnetic properties of

MnyCuN films at RT. The minimum value of the saturation — 80[ T T T T
magnetization Ms and the maximum value of the coercivity uoH £ 60} !" ;'; m"n (@) -
were observed around x = 0.1. This result means the MC T 40 .\‘ L'. L] 1
composition is between x = 0.1 and 0.15. The reduction of M; E 20 "'i”jf u . .
and uoH x > 0.6 is thought to be caused by the decrease in the 0o— ‘: : : : : :
Néel temperature. In the presentation, we will show the results . 1.0 : ; i (b) :
of X-ray magnetic circular dichroism (XMCD) and anomalous '.:.Q gg [ .'-l'. ]
Hall effect (AHE) measurements. I&, 0.4r i: i\ ]

[ Acknowledgement] The XMCD measurements were performed 0.2 f' \f‘.. " e ]
at BL-16A of KEK-PF with the approval of the Photon Factory 0.0 00 02 04 06 08 1.0
Program Advisory Committee (Proposal No. 2022G036). The Cu composition X

magnetic properties obtained using a VSM and the AHE measurements . . L.
gnetic prop e 5 Fig. 3. (a) Saturation magnetization M,,

were measured with the help of Professor H. Yanagihara and Mr. T. and (b) co Cl‘CiVity 1oH of Mn,_,Cu,N.
Takahashi of the University of Tsukuba.
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Anomalous Nernst effect in heavy-metal-substituted FesN films
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Thermoelectric conversion using the anomalous Nernst effect (ANE) in ferromagnetic materials has
attracted attention as a new energy harvesting technology. However, one crucial problem is that the
thermoelectric power is lower than that of thermoelectric conversion using the Seebeck effect (SE) in
semiconductor materials. Therefore, the development of novel ferromagnetic materials that exhibit a large
anomalous Nernst coefficient (Sane) is essential for improving the power output of ANE. FesN is a
ferromagnetic material having a relatively large Sane (1.4 ~ 2.2 uV/K) [1,2]. Substitutions of the part of Fe
atoms in Fe:N with other metals are an effective method to tune the electrical and magnetic properties of
FesN [3]. This idea also gives us the possibility of enhancing the magnitude of Sane in FesN by the
substitution of Fe. In this study, FesxRuxN and Fes.,PtyN films were grown and the substitution effect for Fe
by small amount heavy metals, which possess large spin-orbit interaction, on Sane was investigated.

FesN, FesxRuxN (x = 0.02, 0.10) and Fes,PtyN (y = 0.04, 0.13) films (~21 nm) were grown at 450 °C
on MgO(001) substrates by molecular beam epitaxy. Fe, Ru, Pt, and radio-frequency radical N were
simultaneously supplied. The sample structure was characterized by x-ray diffraction (XRD). The grown
films were fabricated into Hall-bar-shaped devices, and the ANE, SE, and anomalous Hall effect were
measured at 300 K. In the thermoelectric effect measurements, temperature gradients (VT) were applied in
the in-plane [100] direction of the nitride films, and external magnetic fields were applied in the
out-of-plane direction. On-chip thermometers fabricated on the device were used to measure VT [2].

From the results of XRD measurements, the epitaxial growth on the MgO(001) substrate was
confirmed for all the nitride films. The Sane values of the FesN, FesgsRuo2N, FesgoRUo.10N, Fes gsPto.osN,
and Fezs7Pto1sN films were evaluated to be 1.33, 1.28, 1.09, 1.36, and 1.54 uV/K, respectively. Sane
decreased with x, while a slight increase was obtained with increasing y, indicating that the Pt substitution
might be effective to enhance Sane of FesN. Sane is represented by the following equation: Sane = pxxaxy —
Ssetanéane, Where pyy is the longitudinal resistivity, axy is the transverse thermoelectric conductivity, Sse is
the Seebeck coefficient, and dane is the anomalous Hall angle. By substituting the experimentally obtained
SANE, pxx Sse, and tanfane into this equation, the axy values of the samples were derived. The oy values of
the FesN, FesggRup.02N, FesgoRuUg 10N, FesosPtoosN, and Fesg7Pto13N films were 1.02, 0.99, 1.02, 1.12, and
1.31 A/K-m, respectively. The enhancement of Sane in the FesyPtyN films is mainly due to the increase of
oxy. In the presentation, the Sane values of Fes.,Pd;N films will be also shown.

This work was supported by JSPS KAKENHI (JP21K04859) and E-IMR in Tohoku University.
[1] S. Isogami et al., Appl. Phys. Express 10, 073005 (2017). [2] K. Ito et al., J. Appl. Phys. 132, 133904
(2022). [3] K. Ito et al., Nanotechnology 33, 062001 (2022).
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All-in-one evaluation method for transverse thermoelectric properties of a single
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Transverse thermoelectric conversion, in which a temperature gradient leads to a transverse electric field, is
a promising phenomenon for realizing the next-generation energy harvesting technology [1]. The
anomalous Nernst effect (ANE) is a representative transverse thermoelectric effect in magnetic materials.
The performance of transverse thermoelectric conversion for the ANE is characterized using the figure of
merit z1T (= St20y, T/xx), Where S, ayy, 1« and T denote the transverse thermoelectric coefficient, electrical
conductivity, thermal conductivity, and temperature, respectively. Although thin film forms offer
advantages from the viewpoint of practical thermoelectric applications, the precise evaluation of their
thermoelectric figure of merit is quite challenging. Recently, we have demonstrated that zrT in thin films
can be precisely quantified by the combined use of heat-flux method, time-domain thermoreflectance, and
four-terminal method [2]. However, the samples specialized for each evaluation method are required, which
slows down the throughput speed and prevents the rapid materials development.

In this study, we propose an all-in-one method to evaluate St, ayy, and xx« of thin films. The device features
a multilayer structure comprising of substrate/magnetic film sample/insulator/transducer. The device
structure was fabricated by photolithography and Ar ion milling, enabling the simultaneous measurement of
these three parameters with a single device. Herein, xx is determined by fitting the temperature response of
Joule heating to a theoretical curve derived from a one-dimensional heat conduction model, known as the
2o method [3]. St is obtained from the relation of St = xkwATaee/(djcT) [4], where d and j. represent the
sample thickness and applied charge current density, respectively. ATaee denotes the temperature change
induced by the anomalous Ettingshausen effect (AEE), which is the reciprocal phenomenon of the ANE. ayy
is measured using the four-terminal method. To detect the temperature response induced by Joule heating
and ATagg, the lock-in thermoreflectance is employed, which is an optical thermometry based on the
temperature dependence of reflectivity [5]. To verify the accuracy of the developed 2w method, xxx Of an
Al-O insulating film was measured, yielding a value of 1.15+0.22 W m™ K1, which is consistent with
values reported in the previous study [6]. Subsequently, the magnetic field dependence of ATaee of CoFeB
film was measured. The obtained response reflects the magnetization curve of the CoFeB film, successfully
evaluating the AEE. In the presentation, the details of each measurement method will be explained.

[1] K. Uchida and J. P. Heremans, Joule 6, 2240 (2022). [2] T. Yamazaki et al., Phys. Rev. Applied 21, 024039 (2024). [3] Y.
Nakamura et al., Nano Energy 12, 845 (2015). [4] A. Miura et al., Appl Phys. Lett. 115, 222403 (2019). [5] T. Yamazaki et al.,

Phys. Rev. B 101, 020415(R) (2019). [6] S.-M. Lee et al., Int. J. Thermophys. 38, 176 (2017).
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The anomalous Ettingshausen effect (AEE) refers to the conversion of a charge current into a transverse
heat current in a magnetic conductor '. Since AEE works as a temperature modulator with simple structure
and versatile scaling, it may pave the way for thermal management technologies for electronic and
spintronic devices 2. In recent years, the experimental studies of AEE have been accelerated since the
measurement method based on the lock-in thermography (LIT) ** has been established. While LIT makes it
possible to estimate the AEE-induced temperature modulation quantitatively with high reliability and
reproducibility, LIT measurements were performed only at room and high temperatures >*. For further
comprehension of AEE, it is important to verify the applicability of LIT for AEE measurements at low
temperatures.

Here, we report low-temperature measurements of AEE in a polycrystalline CooMnGa slab ° using LIT,
which is expected to show large AEE-induced signals, and estimate the limit of the temperature range
available for LIT. Since LIT is applicable to various materials and phenomena, this work will stimulate
materials science and physics studies on spin caloritronics and thermoelectrics.
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Altermagnetism has been developed recently using time-reversal symmetry breaking spintronic and
spin-splitting phenomena in materials with collinear-compensated magnetic order [1]. It originates from
the unique band structures splitting up and down spin bands, which is different from ferromagnetic
exchange splitting and antiferromagnetic compensation. Some materials such as RuO,, MnTe, and Mn;Si3
have been classified as an altermagetism. In particular, RuO, has unique spin-dependent ellipse Fermi
surfaces, which is regarded as an origin of spin-splitting effect [2]. However, recent topical issues of
altermagnetism in RuO> is the existence or absence of the magnetic moments in the Ru sites. Although
recent uSR measurements for bulk RuO, reported the absence of the magnetic moments [3], the RuO- film
includes the local strain, which might be essential for the finite Ru magnetic moments and altermagnetic
properties. To access these controversial issues, we employ the x-ray magnetic linear dichroism (XMLD),
which probes the square of the magnetization. The x-ray magnetic circular dichroism (XMCD) does not
work for the detection of compensated spins. To separate the magnetic and structural contributions, we
propose the temperature-dependent XMLD.

We prepared the sample of a 20-nm-thick rutile-type RuO; (101) layer, which is conductive, grown on
single-crystal A,O3(1102) substrates by reactive rf-sputtering of Ru. The Néel temperature of the sample
was determined to be ~400 K. The magnetic moments in RuO, are aligned along [001] or [001] direction,
which is 35° tilted from sample surface normal. The Neel vector direction was determined from the previous
angular-dependent XMLD [4]. The XMCD and XMLD measurements for Ru M-edge were performed at
BL-7A and BL-16A in the Photon Factory (KEK). The total-electron-yield mode was adopted at 80 K and
room temperature. For the XMLD, horizontally and vertically linear polarized beams were injected into the
sample and difference is defined as a linear dichroism.

The x-ray absorption spectra in 4d transition-metal element M-edge consists of not only 3p to 4d but
also 3p to 5s transition peaks. There was no XMCD signal because of the complete compensation in the
total magnetization (M). To detect M 2, the XMLD was performed in the geometry of strong coupling
between electric field in the incident beam and Neel vector in the sample. Temperature-dependent XMLD
exhibits the changes of intensities; at low temperature, XMLD signal intensity is enhanced, which originates
from the magnetic components. At room temperature, small signal intensity is detected. Therefore, finite M
in the Ru sites can be confirmed. The appearance of M might come from the thin film cases. The XMLD
magneto-optical sum rules provide the quantitative estimation of element-specific quadrupole through the
charge distribution in the same manner for the XMCD sum rules [5]. Since the integrals of XMLD spectra
are related to the sign of quadruples, the Ru 4d states form the 3z2 —r? type quadrupole charge
distribution along the spin orientation direction, which is also reproduced by the first-principles calculations.

This work was partly supported by JSPS KAKENHI No. JP22H04966.
References: [1] L. Smejkal ez al., Phys. Rev. X 12, 040501 (2022). [2] S. Karube ef al., Phys. Rev. Lett. 129, 137201 (2022).
[3] M. Hiraishi et al., Phys. Rev. Lett. 132, 166702 (2024). [4] C. He, Z. Wen, J. Okabayashi et al., to be submitted.
[5]J. Okabayashi et al., Appl. Phys. Lett. 115, 252402 (2019).
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X-ray helicity-dependent ultrafast demagnetization in a Pt/Co/Pt multilayer
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When a femtosecond optical pulse irradiates a ferromagnetic metal, the magnetization dramatically
decreases on a sub-picosecond time scale. This phenomenon, known as ultrafast demagnetization, results
from optically pumping electrons in the outer-most electron shell, in the visible to near-infrared (NIR)
spectral ranges. On the other hand, the advent of x-ray free electron lasers has provided new possibilities
for studying ultrafast demagnetization induced by the resonance excitation of core-to-valence electric
dipole transitions [1]. We are currently exploring new ultrafast magnetic phenomena triggered by intense
hard x-ray pulses using the SACLA facility.

Here, we studied ultrafast demagnetization in a Pt/Co/Pt multilayer triggered by circularly polarized hard
x-ray pulses. A magnetic multilayer of Ta(2.0 nm)/Pt(0.5 nm)/[Co(0.5 nm)/Pt(0.5 nm)]10/Pt(0.5 nm)/Ta (2.0
nm) on a SiN membrane was prepared using dc sputtering. The Co layers force the Pt layers in the
proximity to be ferromagnetically polarized. We performed x-ray-pump and NIR-probe experiments using
SACLA beamline 3 in the experimental hutch 2, where 10-fs wide hard x-ray pulse and 40-fs wide NIR
pulse are available in synchronization. In the hutch, a polarized optical microscope was constructed with
two cameras, which simultaneously capture magneto-optical and transmittance images by synchronizing to
the SACLA system. The repetition rates of the pump and probe pulses were 30 Hz and 60 Hz, respectively,
to obtain images with/without pump pulses. We excited the 2ps;» core electrons to the 5d empty valence
states of Pt using circularly polarized hard x-ray pulses under an out-of-plane magnetic field and captured
magneto-optical and transmittance images for each NIR probe pulse at an arbitrary optical delay. We
observed that the amplitude and recovery of the ultrafast demagnetization changes depending on both the
helicity and the initial magnetization direction. In this presentation, we would like to present details of the

original measurement system and the obtained results with discussions.

References
[1] X. Liu et al., Opt. Express 29, 32388-32403 (2021).
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1%, % Eaee CTERLSNZF0ELD ZFC fi# O B S DN Ts 2 2R D AT 4 7 2% (Runea) D 3
RIZKL Ty FLTEBDTHD, T Z T Rueai /LW TEM 8 TEIH S 72T /K1 ORI &
R ERODHEE T 4 v T 4 7T D52 L TRDZ, Tl Ruea @ 3 FITx L THRIZICHEML TEH
0, BT R ORIR R TN & YA XORR E FT Néel DFEFPEGR[6] T <A TE 72, £72, Ruedi
1 Eace DI LE - THFHBM L2, LLEDFERND, Ewull X 0T 2 RFDOY A X2l Tx, Zh
WX > THEASFEZ I CE 2 2 E ML NI o7,

[1]J. Grollier ef al., Nat. Electron. 3, 360 (2020). [2] U. Gottlieb et al., J. Alloys Compd. 361, 13 (2003). [3] S. Zhou et al.,
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Fig. 1 (a) Cross-sectional TEM (top) and SAED (bottom) images of a Mn silicide nanoparticle with Eacc of 50 keV. (b) M-H
curve of the sample with Eacc of 150 keV measured at 3 K. (c) M-T curves of the sample with Eacc of 150 keV measured under
FC (triangle) and ZFC (circle) conditions, respectively. (d) 7B as a function of R3.q. The guideline represents a linear fitting
of the data.
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Ferromagnetic thin film (FM) is widely used in spintronics research. Contribution of the interfacial
magnetic anisotropy is pronounced in this system. The interfacial Rashba effect [1] and interfacial DMI [2]
in thin films with structural inversion asymmetry has been intensively investigated. Recently, ferromagnetic
2D materials are also attracting attention. However, in the thin-film systems, it is often pointed out that the
degradation of magnetic properties is caused by oxidization through air exposure or process-damage [3]. In
order to resolve this problem, we investigate a new device process: annealing under hydrogen (H») gas.

A Ta(2.0 nm)/Pt(2.5)/Co(1.4)/MgO(3.4) multilayer was deposited on a thermally oxidized Si substrate
using sputtering. The films were annealed in a vacuum chamber with introducing an Ar/H, gas mixture.
The annealing temperature and time were 150 °C and 1 hour, respectively. Figure 1 shows the magnetic
moment per unit area Mt as a function of perpendicular external magnetic field H,. No ferromagnetic
behavior was observed in the as-deposited film because the MgO layer was formed with high sputtering
power (120 W), resulting in an excessive oxidization damage to the Co layer. On the other hand, a clear
hysteresis was observed in the Hp-anneal film. This result indicates that the ferromagnetic state is restored
by the Hy-annealing in the Pt/Co/MgO structure with deeply oxygen-damaged Co. No clear change occurs
in the Mt - H, curve after no-Hz-anneal. Thus, H, plays a crucial role in changing the magnetic property.
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Strain induced reversible sign change of the anomalous Hall effect
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The anomalous Hall effect (AHE) is a fundamental physics related to spin-dependent transport. It is
reported that a sign change of the AHE depenging on the temperature and the layer structure[1,2]. The
origin of the sign change of the AHE is attributed to band filling effect[3]. Recently, flexible spintronics
utilizing the inverse magnetostriction effect has attracted attention[4]. The magnetostriction effect is a
well-known phenomenon that combines strain and magnetism, but the modulation of magnetism by strain
is still not fully understood. In this study, we observed strain induced reversible sign change of the AHE
in Co/Ni multilayered film.

We deposited a [Co/Ni], multilayer on a flexible substrate by magnetron sputtering. Hall measurement
was conducted without (w/0) and with (w/) application of a uniaxial strain in various temperatures. The
small tensile jig was used to apply a strain. The results of Hall measurement are shown in Figure 1. Blue
and red plots represent the results w/o and w/ strain, respectively. In w/o strain, the sign of the AHE is
positive; Hall resistance is positive under positive magnetic field. In contrast, in w/ strain, the sign of the
AHE reverses to negative. When the strain is removed, the sign of the AHE returns to positive (dashed blue
plot). Our data suggest that band filling can be controlled by strain. We will discuss in more detail the effect

of strain on the sign change in the AHE.
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P Figure 1: The results of Hall measurement. Blue
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Preparation and characterization of Fe3O4 thin films on graphene
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Since the first reports of spin injection and detection in graphene in 2007!1:2], graphene has emerged as
an ideal choice for spintronics materials. This is due to its extremely long spin diffusion lengths, reaching the
micrometer scale at room temperature, which are attributed to its weak spin-orbit interaction [4]. Additionally,
graphene exhibits long spin relaxation times, ranging from microseconds to milliseconds, high mobility down
to a single molecular layer, and outstanding scalability. These properties enable the transmission of pure spin
currents over long distances, significantly reducing Joule heating losses in graphene spin devices. This has
sparked the development of various groundbreaking next-generation devices, such as lateral spin valves,
magnetic tunnel junctions (MTIJs), and spin filter devices in spin tunnel transistors -1, To inject spin-
polarized electrons into graphene and control spin currents within it, graphene is typically brought into
contact or junction with ferromagnetic materials. As with general organic and molecular devices, the
interfacial properties between graphene and the ferromagnetic material play a significant role in device
characteristics 7], In this study, we investigate the use of Fe3O4, a half-metal, as the injection electrode for
spin-polarized electrons into graphene, aiming to fabricate high-quality single-crystal Fe;O4 on graphene and
achieve a high-quality Fe3Os/graphene interface.

First, we attempted growth of Fe;O4 on an HOPG surface. As a result, we found that a stoichiometric
composition of Fe;04 could be obtained by depositing Fe at a rate of approximately 0.1 nm/min in an oxygen
atmosphere (vacuum level of 7.0x10”7 mbar) at a substrate temperature of 320°C, followed by post-annealing
in an oxygen atmosphere at 400°C for 30 minutes (Fig.1). However, LEED and XRD measurements revealed
that the resulting Fe3O4 was polycrystalline. Next, we attempted to grow Fe3O4 under same conditions using

commercially available graphene, but the desired single

crystal was not obtained. Since the LEED pattern was not —+=lron leidleJ grown @320C on HOPG
(sample
observed with commercially available graphene, it is Sanpk: 1 sfterpos anicaling RA00C

suspected that the crystallinity of the commercial graphene
is the cause. Therefore, to improve the crystallinity of
Fe304, we plan to conduct in-situ fabrication of graphene

and the growth of Fe;04. Additionally, we plan to fabricate

o
- |
-
’ P

il i

graphene spin devices using the produced graphene. ——— \

Intensity (a.u.)

satellite
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Perspective high-temperature oxides: theoretical study
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A wide range of physical properties like various magnetic orders, ferroelectricity, multiferroicity and possible
half-metallicity makes A,BB’O¢ oxides very promising for example in magnetic data storages [1] or spintronics.
The possibility of combining different A, B and B’ elements in many ways open the doors to designing materials
with higher Curie temperatures and various band gaps at Fermi level in order to obtain a material usable in
advanced applications.
Here we present calculations of various A;BB’Os oxides performed using the spin-polarized DFT method
implemented in the Vienna Ab Initio Simulation Package (VASP) [2,3] to obtain magnetic exchange interaction
parameters J;; [4]. The electron-ion interaction was described by the potential based on projector augmented-
waves [5]. R?SCAN MetaGGA [6] approximation was employed for exchange-correlation contribution to total
energy. Then, the electronic structure was confirmed using very precise QSGW approach together with spin-orbit
coupling [7]. Curie temperatures were obtained by Metropolis Monte Carlo algorithm [8]. All compositions were
modelled by rhombohedral cells containing 10 atoms.
Our results show that the Curie temperature increases proportionally to increasing magnetic moments of B and
B’ elements. Similar effect can be seen with decreasing A element ionic radius, because it decreases the cell
volume, which leads to stronger magnetic interactions.
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The magnetostriction effect corresponds to the change in lattice dimension parallel to the applied magnetic
field. This property is important for applications in soft magnets, flexible spintronics, sensors and actuators.
A recent paper reported a large and negative magnetostriction of FesN (-121 ppm) [1]. Interestingly, it was
also found that the replacement of Fe by Co resulted in a sign change of magnetostriction from negative to
positive value. A strong correlation between magnetostriction and damping constant was also found.
Therefore, in this study, we focus on the theoretical explanation of the relationship between magnetostriction
and damping in Fe4xCos.4xN.

The magnetostriction was calculated from the derivative of the total energy £ and the magnetocrystalline
anisotropy energy (MAE) on the strain € (dE/de and dMAE/dg) [2]. Note that the sign of magnetostriction is
always equal to the sign of dMAE/de. The values of total energy and MAE were obtained by including the
spin-orbit interaction in a self-consistent calculation considering different strained structures. Furthermore,
using second-order perturbation analysis [3], we clarify the dominant contribution to IMAE/de based on spin
states, atomic sites, and atomic orbitals. On the other hand, the damping constant was calculated using the
torque correlation model from noncollinear calculation [4]. In comparison, the fcc-NixCoi.x was also studied
theoretically because fcc-Ni (Co) is known to have a negative (positive) magnetostriction value [2].

We confirm the good agreement of magnetostriction and damping trend found in experiments [1] and
theoretical study for FesxCo4.4xN despite the “shifted” behavior. The good agreement is also observed for the
fce-NixCoix. In addition, the face-centered Fe atoms and the orbital symmetry play an important role in the
sign change of the magnetostriction of Fe4xCo4.4xN. Importantly, we found that the sign of magnetostriction
depends on the competing terms of the negative sign of IMAE(] | )/de and the positive sign of IMAE(1)/dE,
which was confirmed for a range of 0 <x < 1. The relationship between magnetostriction and damping can
be understood from the large minority-spin density of states (DOS) around the Fermi level. The minority-
spin DOS give the dominant contribution of damping value and also IMAE(] |)/de, which determines the
sign and value of magnetostriction. Thus, these findings lead to the possible material design guideline for
simultaneous tuning of magnetostriction and damping constant in magnetic materials.

This work was partly supported by Grants-in-Aid for Scientific Research (Grants No. 22H04966) from the
Japan Society for the Promotion of Science and the Japan Science and Technology Agency (JST) CREST

(Grant No. JPMICR2101).
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BiSb topological insulator is a promising spintronic material because of its giant spin Hall effect [1] and high
electrical conductivity [2], which can be applied to various spin-orbit torque (SOT) devices, such as ultrafast [3] and
ultralow power [4] SOT-MRAM and SOT domain-wall memory. However, high crystal quality BiSb thin films have
been grown so far on single crystalline substrates, such as GaAs(111) [2], GaAs(001) [5], sapphire(0001) [6], and
BaF»(111) [7], mostly by molecular beam epitaxy. For realistic spintronic devices applications, it is essential to grow
high quality BiSb by the magnetron sputtering technique on top of amorphous SiOx, which is frequently used as the
insulating material for the BEOL process of Si wafers.

In this work, we demonstrate that by using a combination of TiOx seed and MgO buffer layers, we can grow
highly textured BiSb(001) on SiOx by the magnetron sputtering technique. Figure 1(a) shows the schematic structure
of our sample. First, we deposited a TiOx seed layer on top of a thermally oxidized Si/SiOx substrate by reactive
sputtering of a Ti target using Ar and O, mixing gas. Next, we deposited a 2 nm-thick MgO buffer layer on top of
the TiOx layer. Then, we deposited a 10 nm-thick BiSb on top of the MgO layer. Finally, we deposited a 3 nm-thick
Ta cap layer. All layers were deposited at room-temperature. Figure 1(b) shows an out-of-plane 6-26 X-ray
diffraction (XRD) spectrum of our sample, which shows that BiSb grown with the (001) orientation. The BiSb(001)
full width at half maximum is comparable or even better than those grown on sapphire substrates, indicating the high
crystal quality of BiSb. Figure 1(c) shows the in-plane XRD spectrum of our sample, which shows sharp in-plane
peaks corresponding to the BiSb(100) or BiSb(110) planes, indicating that our sample is highly textured. Our results
show that by using TiO/MgO buffer, we can grow highly textured BiSb(001) even on amorphous SiOx.
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Fig. 1. (a) Schematic stacking structure of our sample. (b) Out-of-plane XRD and (c¢) In-plane XRD spectrum
of our sample.
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BiSb topological insulator has attracted attention as a promising spin-orbit torque (SOT) material owing to its
giant spin Hall effect [1] and high electrical conductivity [2] for ultrafast [3] and ultralow power [4] SOT-MRAM
and SOT domain-wall memory. Although high crystal quality BiSb thin films have been studied so far on single
crystalline substrates, such as GaAs(111) [2], GaAs(001) [5], sapphire(0001) [6], and BaF»(111) [7], realizing high
quality of BiSb with high spin Hall angle and high electrical conductivity on amorphous SiOx is essential to realize
realistic SOT spintronic devices.

In this work, we aim to realize BiSb topological insulator thin films with high spin Hall angle and high electrical
conductivity on amorphous SiOx using oxide buffer layers and post annealing. Figure 1(a) the schematic structure of
our sample. We first deposited an oxide buffer layer (1) and an optional oxide buffer layer (2) on thermally oxidized
Si/SiOx substrates. The oxide buffer layer (1) is typically a TiOx layer which prevents oxygen diffusion from the
SiOx layer to BiSb during high temperature thermal annealing, while the optional oxide layer (2) is typically TaOx,
both are deposited by reactive sputtering of a Ti/Ta target using Ar and Oz mixing gas. Next, we deposited a 10 nm-
thick BiSb on top of the oxide layers. Finally, we deposited a 3 nm-thick Ti cap layer. The stack was then annealed
at high temperature for 1 hour and cooled in ultrahigh vacuum to low temperature, after that we deposited the
ferromagnetic (FM) multilayers for SOT evaluation. Here we used Pt/Co/Pt or Ta/CoFeB/MgO as the FM
mutillayers. Figure 1(b) and 1(c) show wide-view and narrow-view 6-26 X-ray diffraction (XRD) spectra of a
sample with TiOx buffer and Pt/Co/Pt FM layers, which show that BiSb grown with the (012) orientation. By high
temperature annealing, we can improve the BiSb conductivity up to 1.1x10° Q'm™! and achieve a relatively high
spin Hall angle of ésu ~ 1.7 — 5. Our results show that utilizing oxide buffer layers and post-annealing is an effective
way to achieve high performance BiSb on Si/SiOy substrates.
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Fig. 1. (a) Schematic stacking structure of our sample. (b) Wide view and (c) Narrow view XRD spectra of a
sample with TiOx and Pt/Co/Pt FM layers.
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Enhancement of spin—orbit torque-driven domain wall mobility in wide-width heavy
metal structure
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2Basic Science Research Center, DGIST, Daegu 42988, Republic of Korea
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Magnetic domain wall devices such as a racetrack memory[1] and a spin torque majority gate[2]
have attracted significant attention recent decades owing to their non-volatile and uniaxial anisotropic
features. In these devices, logic states of ‘1’ or ‘0’ is described by domain polarities of ‘up’ or ‘down’.
Furthermore, the velocity of the domain wall (DW) is directly related to the speed of information
processing. Therefore, enhancement of DW velocity can improve the performance of magnetic domain
wall devices. In this study, we improved mobility of spin—orbit torque (SOT)-driven domain wall motion
by modifying a structure of ferromagnetic (FM) and heavy metal (HM) wires, where the bottom HM wire
width is wider than the top FM wire.

Ta(3)/Pt(5)/Co(1.2)/Ta(2) (in nanometer unit) heterostructure which exhibits considerable
Dzyaloshinskii—Moriya interaction and SOT is exploited for investigation of SOT-induced domain wall
motion. We fabricated FM wires with various line widths from 2 to 20 pm. Unlike the conventional single
FM wire, only the width of FM layer is modified with fixing the width of the underneath HM (shown in
Fig.1(a)). DW mobility which is defined as the slope of DW velocity versus applied current density at each
FM wire width was evaluated by using Kerr microscopy. Harmonic Hall measurement is also conducted in
the same geometry to investigate efficiencies of SOT. Interestingly, as shown in Fig.2 (b), DW mobility
and SOT efficiency decrease as the FM wire width increases, with similar trends. The detailed discussion
will be given in the presentation.
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Fig. 1. (a) Schematic and structure of wide HM wire system (b) SOT efficiency (red circles) and

DW mobility (blue squares) in various FM wire widths.
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FEM analysis of induced stress in the piezoelectric ring structure of piezoelectronic MTJ
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Stress-assist magnetization reversal (SAMR) is highly effective in reducing magnetization switching

energy in ultra-low power consumption nonvolatile memories [1]. The piezo-electronic magnetic tunnel
junction (PE-MTJ) has been proposed as a memory element capable of realizing SAMR [1]. This device
consists of an MTJ with a magnetostrictive free layer surrounding a piezoelectronic ring. Induced stress
applied to the MT1J pillar in a PE-MTJ has been previously calculated using an analytical model for simplified
structure with a uniform pillar model [2]. To analyze stress in more complex structure, such as a layered
structure of a MT]J, the finite elemental method (FEM) is necessary. In this study, induced stress in a SmFe;
pillar is analyzed by FEM for a uniform pillar model with a piezoelectric ring as a first step. FEM calculations
are compared with analytical results.

The FEM simulation was carried out using the commercially available software Femtet by MURATA
Software. Figure 1 shows the model structure used for both analytical and FEM calculations. The standard
size parameters and materials for both calculations are also described in Fig. 1.Figure 2 shows induced
compressive stress at the center of the pillar as a function of the voltage difference between the top and
bottom of the piezoelectric ring. Both calculation results exhibit the same trend, showing linear dependence.
However, the slope calculated by FEM is approximately half of analytical result. This difference may arise
from the rectangular approximation described in Ref. [3]. Figure 3 shows stress distribution in SmFe; along
radial axis (y axis in in Fig. 1). The induced compressive stress decreases from the outside to the center and
then increases. This stress distribution can be explained by strain at the interface of SmFe./PMN-PT (y = R).

These results facilitate the analyze of switching current reduction in actual PE-MTJ devices.
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Fig. 1 Schematic of model structure Fig. 2 Stress at the center of the  Fig. 3 Stress distribution from the
with standard parameters for SmFe; pillar as a function center to the outside of the SmFe;
calculation. applied voltage. pillar.

Refs: [1]N. Saito, et al., J. Appl. Phys. 103, 07A706 (2008). [2] Y. Takamura, et al., Sold-State Electron. 128,
194 (2017). [3] Y. Shiotsu, et al., IEEE Trans. on Electron Devices. 67, 3852(2020).
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Chiral orbital texture in nonlinear electrical conduction
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Associative memory by a voltage controlled ferromagnet
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Reservoir computing (RC) [1] is an emerging computational paradigm that leverages the transient dynamics of
physical systems to perform complex tasks such as pattern recognition and time-series prediction. In this work, we
explore the use of Spin Hall nano-oscillators (SHNOs) [2] as a novel medium for RC. Spin Hall nano-oscillators
are nanoscale devices that exploit the Spin Hall Effect to generate and manipulate magnetization oscillations,
which can be harnessed for computational purposes.

We present an experimental demonstration of a Physical Reservoir Computing scheme employing a SHNO. By
utilizing the dynamic states of the SHNO, we tackle tasks such as waveform classification and prediction,
achieving accuracies comparable to state-of-the-art neural networks. Our experiments involve a detailed analysis
of the magnetization dynamics, and we pinpoint the specific regime that yields optimal performance. This regime
is characterized by a delicate balance between non-linearity and memory capacity, essential for effective reservoir
computing. We specify these regimes based on measurements conducted at different magnetic fields, highlighting
the influence of magnetic field strength on SHNOs' computational capabilities. Metric calculations are employed
to assess the computational effectiveness of our approach. The implications of our findings are significant: they
lay the groundwork for developing swift, parallel, and energy-efficient computing systems based on oscillator
networks.

Our work suggests that SHNOs can serve as a foundational technology for future advancements in spintronic-
based computation, providing a versatile and scalable alternative to conventional electronic processors.

This research contributes to the broader field of neuromorphic computing, highlighting the potential of leveraging
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[1] K. Nakajima and I. Fischer, Reservoir computing  Fig. 1. (a) A schematic illustration of SHNO mesaurement set-up. The
bottom panel of (a) shows 2D plot colorplot of Power Spectral density

(Springer, 2021). (PSD) as a function of applied frequency and input current. The
measurement is done at different current cycles as shown in (b) and
[2] T. Chen et al, Proc. IEEE 104, 1919-45 (2016). output of PSD spectra is used to form a reservoir. The bottom panel

of (b) shows performance of SHNO-RC for a transformation task
where a sine wave is converted to square wave.
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Investigating the origin of cluster spin glass behavior in low-damped garnet-based ferrimagnet
towards neuromorphic computation
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Tang, Zhigiang Liao, Tetsuya lizuka, Munetoshi Seki, and Hitoshi Tabata
“E-mail : sarker@g.ecc.u-tokyo.ac.jp

A spin glass (SG) is characterized by a frozen spin state at low temperatures, resulting from competing
randomness and frustration of magnetic interactions. This state also demonstrated photoinduced magnetism and
an aging memory effect: that is creates a history-dependent property. This unique feature presents an opportunity
to replicate the functions of the human brain, leveraging a similar Hamiltonian framework. Our aim is to study
the spin dynamics based ultra-low power data carrier (magnon) in the spin glass system at frozen state to
implement a reservoir computing system mimicking the ultra-low power operation as human brain. However, the
spin frozen state in spin glasses (SG) only manifests at extremely low temperatures, limiting their practical and
low-power applications. Consequently, this research primarily aims to explore the potential for developing
optimal room temperature spin glass materials by manipulating the disorder within garnet-based ferromagnetic
materials. Considering the dynamics of magnetization for further study, we began with yttrium iron garnet
(Y1G:Y3Fes012) due to its exceptionally low Gilbert damping constant.
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Figure 1. (a) Zero field cooling (ZFC)-Field cooling (FC) behavior under different DC magnetic field in
YIG/YAG films. Characteristics of aging memory effect for (b) FC and (c) ZFC. (d) 2D and (e) 3D AFM image
of the film surface signifying the surface modification due to crystal dislocation effect.

We have prepared 16 nm thick YIG thin films on the (001)-oriented YAG substrate using pulsed laser deposition.
We have investigated field cooling (FC) and zero field cooling (ZFC) properties of the YIG/YAG using standard
protocol and have observed the characteristics bifurcation behavior at near room temperature than previous
report [1]. From AC susceptibility measurement we calculated the Mydosh parameter as k = AT,/TpA(logzof) ~
0.023 signifying the material as cluster spin glass. We further have confirmed the characteristic aging memory
effect for negative heat cycle using standard FC-ZFC protocol which is shown in Figure 1(b) and (c).
Magnetization relaxation can be used as the fading memory for reservoir computation. We have identified the
dislocation induced defect as the origin of the presence of frustrated spin state in the ferromagnetic YIG film. As
the critical thickness of YIG/YAG is less than 10 nm due to large lattice mismatch (2.9%) the film gets relaxed
during growth. We have confirmed this by RSM mapping. This film relaxation generates a significant amount of
dislocation which can be evident by the extremely rough surface morphology. This film relaxation generates a
significant amount of dislocation which can be evident by surface aggregation shown in the atomic force
microscopy imaging in Figure 1(d) and (e). These dislocations result in frustrated states which induce the spin
freezing effect at room temperature. Further investigation will be conducted using XMCD and STEM
measurement to confirm the crystal deformation in terms of orbital momentum and atomic imaging, respectfully.
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MgO thickness dependence of the intrinsic Gilbert damping in the
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The Gilbert damping constant is associated with the spin current generation via the spin-pumping effect
[1], and materials with strong spin-orbit coupling, such as 5d heavy metals, are usually studied. Recently,
materials with weak spin-orbit coupling have attracted attention in the emerging field of orbital current
physics [3-4]. Previously, we observed that the effective Gilbert damping of the V/Fe/MgO multilayer is
controlled by the V and MgO thickness [2]. However, the influence of the V and MgO thickness on the
intrinsic Gilbert damping needs to be elucidated. In this study, we carefully characterized the intrinsic Gilbert
damping of the V/Fe/MgO multilayer.

We fabricated epitaxial V/Fe/MgO multilayers using molecular beam epitaxy [Fig. 1(a)]. The
magnetization dynamics were characterized by the time-resolved magneto-optical Kerr effect (TR-MOKE).
The setup of the TR-MOKE system and the measured magnetization dynamic for MgO 0.2 and 0.5 nm
thickness are shown in Fig. 1(b) and 1(c). We found that not only the effective but also the intrinsic Gilbert
damping is modulated by variations in MgO thickness. The relationship between the intrinsic Gilbert
damping of Fe and the perpendicular magnetic anisotropy at the Fe/MgO interface will be discussed.

This work was partly supported by JSPS KAKENHI (Grants Nos. JP22H00290, JP22H04964,
JP22K 18320, and JP23H01833), Spin-RNJ, JST-Mirai Program (JPMIMI20A1), 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 dynamics of Fe/MgO
(0.2 nm) and Fe/MgO (0.5 nm).
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[2]J. Chen et al., The 71*' JSAP Spring Meeting, 23a-12D-6, Tokyo, 2024, 3 (2024).
[3] H. Hayashi et al., Commun. Phys. 6, 32 (2023).
[4] Y.-G. Choi et al., Nature 619, 52 (2023).
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Magnetic damping of epitaxial Fe/Pt/MgO and Pt/Fe/MgO multilayers
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E-mail: erkang@issp.u-tokyo.ac.jp

The magnetic damping parameter is of great importance in magnetic dynamics. Damping enhancement is
observed in ferromagnet/non-magnetic metal multilayers [1] and is well explained by the spin-pumping
model [2]. Non-magnetic heavy metals such as Pt have been extensively studied and have been shown to
largely enhance the damping of the ferromagnet [3-4]. In our research, we investigate both thickness and
sequence dependence to study the intrinsic and extrinsic damping in Fe/Pt systems.

We fabricate V/Fe/Pt/MgO and V/Pt/Fe/MgO multilayer using molecular beam epitaxy method. The
sample schematic is shown in Fig. 1(a). The damping is measured using the time-resolved magneto-optical
Kerr effect (TRMOKE). The TR-MOKE schematics is shown in Fig. 1(b). Pump light is normally incident
on the sample to induce demagnetization in the ferromagnet. Probe light detects the Kerr rotation, and the
time-dependent oscillation is shown in Fig. 1(c). We find that both the effective and intrinsic damping
constants of Fe/Pt/MgO are much larger than those of Pt/Fe/MgO. The difference could originate from the
difference in interface condition between Fe/Pt and Pt/Fe.

This work was partly supported by JSPS KAKENHI, Spin-RNJ, JST-Mirai Program, JST-ASPIRE, and

X-NICS.
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Fig. 1 (a) Sample schematics. (b) Time-resolved magneto-optical Kerr effect measurement schematics. (c)

Typical TR-MOKE oscillation pattern with same Pt thickness but different stacking order.
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Magnetic damping of NiFe thin films grown on two-dimensional chiral
hybrid lead-iodide perovskites
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Spin polarization in chiral molecules, extensively explored under the framework of chirality-induced
spin selectivity (CISS), has attracted significant attention in recent research [1]. Predominantly, CISS
investigations have utilized system incorporating electric current, typically through a two-terminal device
that combines a chiral molecule with a ferromagnetic metal. A notably perplexing issue is the observed
substantial variance in magnetoresistance ratios between spin-polarized conductive atomic force
microscopy measurements and multilayer device assessments, despite using identical material systems [2].
Because this discrepancy might be linked to pinholes within multilayer film devices, in this study, we
investigated CISS-related phenomena in the absent of electric current injection into chiral molecules.

Our approach involves a bilayer system composed of two-dimensional chiral hybrid lead-iodide
perovskite ((R)-(+)- or (S)-(—)-a-methylbenzylammonium lead iodide ((R- or S-MBA).Pbls)) [2] (Fig 1(a))
and NiFe, where spin pumping facilitates the pure spin current injection into chiral molecules. The process
is analyzed by evaluating the magnetic damping constant of NiFe using the time-resolved magneto-optical

Kerr effect (TRMOKE) as shown in Fig. 1(b).
This work was partially supported by JSPS-KAKENHI, Spin-RNJ, X-NICS, and CURE.
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Fig. 1 a, Structure of chiral hybrid lead-iodide perovskites. b, Schematic of the experimental setup.
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Observation of the magnon Hall effect of magnetostatic spin waves
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Dynamic control of spin wave propagation by electric field in space inversion symmetry
broken Iron Oxide Garnet thin films
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The aim of this study is to control spin wave propagation in Rare-earth Iron Garnet (RIG) thin films by the electric
field. Due to the existence of cubic inversion symmetry in garnets, the electromechanical and electromagnetic
coupling effects are very small. To overcome this weakness, we have broken the spatial inversion symmetry by
introducing long-range strain gradient, which allows the coexistence of magnetic and electric dipole polarizations
due to the Flexoelectricity effect [1]. We fabricated 85 nm and 120 nm-thick Y3FesO12 (YIG, 12.376A bulk) thin
films on lattice matched GasGdsO12 (GGG, 12.38A) and ~1%lattice mismatched Gdz.sCao.4Gas1Mgo25Zr0.65012
(SGGG, 12.50A) substrates by pulsed laser deposition (PLD) technique. X-ray diffraction (XRD) and reciprocal
space mapping (RSM) revealed strained epitaxy indicating that the in-plane lattice of YIG is matched with GGG
and elongated to align with SGGG (Fig.1(a)). X-ray absorption spectroscopy (XAS) and X-ray magnetic circular
dichroism (XMCD) were measured at room temperature and magnetic moments were calculated using the XMCD
sum rule (fig. 1(b)-(c)) and found low orbital moment in YIG/GGG indicates low crystal distortion. However,
large orbital momentum of 0.15 in YIG/SGGG films indicates the quenching of orbital moment sum is alleviated
by the reduction of crystal symmetry from cubic to tetragonal. Finally, Au co-planner waveguides (CPWSs) and Pt
interdigital electrodes were fabricated by photolithography and sputtering techniques as in Fig.1(d). Spin wave
transmission characteristics was measured using vector network analyser (VNA) with microwave techniques.
Fig.1(e) summarizes the shift in spin wave transmission resonance frequency (Af) as a function of the electric field
(E). In tensile strained YIG (120nm)/SGGG, the spin wave transmission spectra exhibit a significant rightward
shift with the application of an electric field, whereas a similar investigation on lattice-matched Y1G (120nm)/GGG
samples subjected to a large electric field of up to 800kV/cm showed a very small response. It is expected that the
SW frequency shift is originated from the electrical response of the polarized domains in tensile strained RIG thin
films that eventually modulates the magnetic anisotropy of insulating thin films via spin orbit coupling. This
dynamic magnon control by electric field will represent a groundbreaking advancement in magnonics, offering the
potential for implementing low-power consumption logic devices through the utilization of the spin wave.

(a) 5 _ 5 (b)[Fe L,; XAS —— YIG/GGG (120nm) | (d) Spin wave Spin wave
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Fig. 1. (a)-(c) Structural and magnetic properties of lattice matched YIG/GGG (001) and tensile strained (~1%)
YIG/SGGG (001) thin films, (a) XRD 26-o scan (inset: RSM), (b) XAS and XMCD, (c) moments calculated from
XMCD sum rule, (d) schematic of fabricated spin wave devices on RIG thin films (e) spin wave transmission
resonance frequency shift /Af{E)=fres(E)-fres(E=0)] versus applied electric field (E)
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AMED under Grant Number JP22zf0127006, JSPS KAKENHI Grant Number JP20H05651, JP22K18804, JP23H04099. XMCD was
Measured in BL25SU X-ray beam line at SPring-8. We are very grateful to Professor Kinoshita and Dr. Yamagami for their support and help.
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[Background and Objective]

Spin waves (SWs), which are waves of precessional motion of magnetization propagating through
magnetic materials, have been actively studied as a novel medium for data transport and processing. In
homogeneous magnetic materials, the band structure of SWs is determined by material parameters such as
saturation magnetization and exchange stiffness constant, which limits the controllability of the band
structure. However, in magnetic materials with artificially introduced micro-periodic structures (magnonic
crystals: MC), the propagation of SWs can be selectively controlled by wavenumber. The potential for the
versatile applicability for new magnetic logic devices [1] has stimulated active researches on MC.

In a one-dimensional MC with periodic walls along the x-axis, as shown in Fig. 1(a), the propagation of
SWs with wavelengths close to the structural period is suppressed, resulting in a band gap (BG) within the
band structure [2]. However, the detailed relationship between the structure of the MC and the central
frequency or width of the BG remains unclear. Therefore, this study aims to control the spin wave band
structure through structure modulation by using micromagnetic simulations to investigate the correlation
between the wall width w and the band structure.

[ Calculation Model and Results]

We calculated the spin wave propagation in MCs with various wall widths w and clarified the band
structures of each MC by performing FFT processing on the spatial distribution and time evolution of
magnetization. We assumed the application of a static magnetic field in the y-direction and an impulse
magnetic field for spin wave excitation, setting the conditions to excite the MSSW mode.

Figure 1(b) shows the calculated band structures for MCs with w = 0.2,1.0, 1.8 pm. The period of one

set of wall and vallay was fixed at 2.0 pm. It was found () = 81.92 um

that the central frequency fze¢ of the Ist. band gap '40
4 nm

1

around k = w/2um~ was increased with the wall I """

width, and the BG width maximized at w= 1.0 um. This
increase in fzg¢ can be related to the increase in the

average thickness of the MC. Interestingly, we

additionally found that the width of the 2nd. BG around Tk
: /pm

varied periodically with w. We will  Figure I (a) Schematic image of 1D magnonic

. ) ) o crystal. (b) Band structures of spin waves for MCs

discuss the detailed wall width dependency within the i w = 0.2, 1.0, and 1.8 um. The simulations

k ~mpum™?

range 0.2 pm < w < 2.0 pm were performed by mumax?[3] and python.
References: [1] A. V. Chumak et al., Nat. Commun. 5, 4700(2014). [2] S. A. Nikitov ef al., IMMM 236,

320-330 (2001). [3] A. Vansteenkiste ef al., AIP Adv. 4, 107133(2014).
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Enhanced non-linear growth of magnon transconductance in a Bi-doped Y1G with a
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Spin wave, or its quanta magnon, is expected to be an efficient information carrier flowing in
an insulating media alternative to electrical charge current that has Joule loss. To realize
functional magnonic circuits, non-linear transport behavior of magnons is essential considering
that semiconductor diodes revolutionized our society. In fact, magnons do show such behavior,
however it suffers from an intrinsic limitation, i.e., a saturation of non-linear growth of magnon
transconductance due to magnon-magnon scattering process, as we reported in the previous
JSPS meeting (19a-A201-2). Using non-local devices consisting of two parallel Pt electrodes
deposited on (Bi-doped) YIG films as shown in Fig.1(inset)[1-4], we experimentally report
two times more enhancement of non-linear growth of magnon transconductance in a Bi-doped
YIG with a perpendicular anisotropy compared to that in a normal Y1G[5,6] (Figl(a) and (b)).

The motivation comes from the fact that in in-plane magnetized systems, the magnetic
precession in a thin film follows an elliptic orbit due to the demagnetizing field, which induces
twice the frequency of longitudinal oscillating magnetization along the equilibrium axis. This
cause additional channel of the magnon interaction (three-magnon scattering process). By using
a material with a perpendicular uniaxial anisotropy, it can compensate the demagnetizing field
and thus reduces the magnon interaction, which increase the upper limit of the saturation.

(a) Normal YIG (b) Bi-YIG
In-plane anis. Perpendicular anis.
YIG d=4.3 um (Bi-)YIG d =4.3 um
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Fig.1: Magnon transconductance in (a) YIG and (b) Bi-doped YIG films in a non-local device (inset)

[1] L. J. Cornelissen et.al., Nat. Phys. (2015), [2] Y. Kajiwara et.al., Nature (2010), [3] S.T.B.

Goennenwein et.al., Appl. Phys. Lett. (2015), [4] M. Althammer, Phys. Status Solidi rapid research
letters (2021), [5,6] R. Kohno et.al., Phys. Rev. B 108, 144410 (Paper 1) and 144411 (Partll)
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Magnetoelastic transmission of surface acoustic-waves on a YIG/GGG substrate
OD. Hatanaka, M. Asano, M. Kurosu, Y. Taniyasu, H. Okamoto, and H. Yamaguchi
NTT Basic Research Laboratories

e-mail: daiki.hatanaka@ ntt.com

Magnon polarons, which are coupled excitations between magnons and phonons, enable their advanced
controls such as magnetically tunable and nonreciprocal phonon propagations, as well as improved coherence
of magnons. These capabilities hold promise for extending the functionality of conventional magnonic and
phononic systems in microwave information processing applications. However, the generation of magnon
polarons, specifically the strong coupling between magnons and phonons, has been reported only in bulk
acoustic wave-based systems [1,2]. Inspired by recent experimental efforts to demonstrate this coupling using
planar magnomechanical platforms [3,4], we fabricated a surface acoustic wave (SAW) system on a YIG/GGG
substrate. We investigated the interaction between highly coherent resonant spin and acoustic waves at room
temperature.

The device consists of piezoelectric interdigitated transducers (IDTs) made from aluminum nitride (AIN)
and is constructed on a YIG/GGG substrate, as shown in Fig. (a). Surface acoustic waves (SAWs) generated
from one IDT travel through the YIG film, where they interact magnetostrictively with magnons (spin waves).
The frequency response of the SAW transmission (|S,;|?) at 1.16 GHz is measured from the other IDT while
sweeping the strength of an external magnetic field (uyH,,) applied parallel to the SAW direction, as shown
in Fig. (b). Multiple absorption dips appeared in the S,;, and especially at +43 mT, avoided-crossing peak
repulsions with large absorption windows were observed. The observed field dependence of the SAW
transmission spectrum shows the feature of coherent transduction between high-quality magnons and
phonons, which will lead to the realization of strongly coupled planar magnomechanical systems. In the
presentation, we will also discuss the underlying mechanism of our observations.

This work was partially supported by JSPS KAKENHHI Grant Number JP21H05020, JP23H05463, and
JP24H02235.

[1] T. Kikkawa et al., Phys. Rev. Lett., 117, 207203 (2016). [2] V. J. Gokhale et al., IEEE Trans. Ultra. Ferr.
Freq. Contr., 70, 8 (2023). [3] D. Hatanaka et al., Phys. Rev. Appl., 17, 034024 (2022). [4] Y. Hwang et al.,
Phys. Rev. Lett., 132, 056704 (2024).
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Anomalous Nernst effect in Fe/Au/Fe trilayers
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Introduction

The anomalous Nernst effect (ANE), one of the thermoelectric effects in a magnet, is recently attracting
growing interest as it has great potential for the next generation of high-efficiency energy harvesting
applications!!!. However, reported thermopower of ANE is not enough for the applications to date. Thus, it
is important to design a new class of materials that exhibit a large ANE. It has been reported that the ANE
is enhanced by employing multilayer structures??!. In addition, the interlayer exchange coupling (IEC) is
also interesting phenomenon in multilayer structures. Therefore, we are studying the effect of IEC on ANE
in multilayer structures with different thicknesses of nonmagnetic spacer layer. In this contribution, the

relationship between the AHE, ANE and IEC in Fe/Au/Fe trilayers is studied.

Research method

Fe/Au/Fe trilayers with several thicknesses of Au layer were prepared by using a magnetron sputtering. A
Physical Property Measurement System (PPMS) was used for the measurement of magnetoresistance (MR),
AHE and ANE. MR was measured by applying a direct current of 0.1 mA at room temperature to estimate
saturation magnetic field. AHE and ANE were also measured by applying an external magnetic field of

-50,000 to 50,000 Oe along the out-of-plane direction to samples.

Results

All the Fe/Au/Fe thin films with different Au thicknesses exhibited the AHE, ANE and IEC. With the
change of the thickness of Au, the change of magnitude of the AHE and ANE was also observed. This
implies that IEC affects the ANE and AHE. Relation between the ANE and the magnetization configuration

will be also discussed in detail.
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Thickness dependence of the anomalous Nernst effect in Co thin films
studied by local laser heating
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! Department of Physics, Tokyo Institute of Technology, Tokyo 152-8551, Japan
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The anomalous Nernst effect (ANE) generates electromotive forces orthogonal to thermal gradients and
magnetizations. Whereas the ANE is quantitatively studied using homogeneous thermal gradients prepared
by heaters [1], local heating by laser irradiations is mainly used to visualize local magnetizations through
the ANE [2]. In this research, we would like to demonstrate the usefulness and limitations of local heating
by laser irradiations for the quantitative study of the ANE.

Here, we report the thickness dependence of ANE induced by laser irradiation in Co thin films with
various thicknesses. Because the laser intensity exponentially decays within tens of nanometers, the
thickness dependence is suitable for testing the method’s effectiveness. We fabricated magnetic bilayers
with structures of Ru(5 nm)/ Co(t) (t = 3, 5, 7, 10, 20, 40, 60 nm) on sapphire (0001) substrates at room
temperature by dc sputtering. These magnetic thin films were processed to Hall devices with a size of
0.4 mm x 0.4 mm by a standard photolithography technique. A green continuous wave laser beam was
focused with a radius of 15 um on the center of the Hall cross to create the thermal gradient in the thickness
direction. The laser intensity was set at 70 mW and modulated at 85 kHz. We measured laser-induced
electric voltages orthogonal to an in-plane magnetic field of =800 Oe [3]. Furthermore, thermal gradients
were simulated using a finite element method with COMSOL Multiphysics equipped with the wave optics
module. The peak amplitude of the calculated anomalous Nernst coefficient (Qang) is 0.015 puV/(K-T). The
calculated values of Qane are of the same order of magnitude as those in a quantitative previous study
using homogeneous thermal gradients [4]. In this presentation, we would like to show more experimental

details and discuss the results.
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Anomalous Nernst effect in Gd-Co alloys for heat flux sensing
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Searching for Cu-X spacers with a half-metallic Co2FeGao.sGeos electrode to boost
magnetoresistance in CPP-GMR devices using first-principles calculations
University of Tsukuba', NIMS?, Kyoto Institute of Technology®
°Kodchakorn Simalaotao'?, Ivan Kurniawan?, Yoshio Miura??, Yuya Sakuraba'?

E-mail: s2330100@u.tsukuba.ac.jp

Current-perpendicular-to-plane giant magnetoresistive (CPP-GMR) devices are considered promising
candidates for the next-generation magnetic read heads in hard disk drives (HDDs). These devices benefit
from a small resistance-area product (RA), which is advantageous for compact read heads and high-speed
reading. Co2FeGagsGeo.s (CFGQ) is a prominent half-metallic Heusler alloy known for achieving a high
magnetoresistance (MR) ratio in CPP-GMR devices with Ag spacers!”. To further enhance the MR ratio in
CPP-GMR devices, we investigate the potential of Cu-based binary alloys (Cu-X) as spacers compared to a
traditional Ag spacer. To this end, we employ first-principles calculations to compare the interface resistance
in CFGG/Ag/CFGG(001) and CFGG/Cu-X/CFGG(001) trilayers. We focus on majority-spin interface
ballistic conductance, which is inversely proportional to the interface resistance, based on the Landauer
formula. Our calculations show that Cu-X spacers exhibit a lower interface RA compared to the Ag spacer,
indicating a significant improvement in the MR ratio. In particular, the RA of the CFGG/CuZn(001) interface
is about 30% smaller than that of the CFGG/Ag(001) interface in all the interfacial terminations at its
maximum difference, indicating the advantage of the CuZn spacer for obtaining a large MR ratio in the CPP-
GMR devices. Fig. 1 indicates a significant conductive predominance of the CuZn spacer, especially around
the kj = (0,0) in the Brillouin zone, with a good Fermi surface matching with the CFGG electrode. In addition,
CFGG/CuZn/CFGG(001) exhibits lower formation energies in all interfacial terminations, indicating
superior structural stability compared to CFGG/Ag/CFGG(001). Consequently, among the various Cu-X

spacers examined, CuZn emerged as the most optimal candidate for a half-metallic CFGG electrode.
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Oscillation of the tunnel magnetoresistance (TMR) ratio as a function of the insulating barrier thickness called
the “TMR oscillation” was firstly observed by Yuasa et al. in an Fe/MgO/Fe(001) magnetic tunnel junction
(MTJ) with a high TMR ratio [1]. Subsequent experiments have also observed the similar TMR oscillation with a
universal period of ~3A [2,3]. However, the underlying mechanism of this phenomenon has yet to be clarified.
Although previous theoretical studies have considered possible additional effects, such as interference of
evanescent states [4] and nonspecular tunneling [5], based on the A: coherent tunneling theory, resistance
oscillations in both the parallel and antiparallel magnetization states, leading to the TMR oscillation, have not
been explained satisfactorily. To elucidate the origin of the TMR oscillation will deepen our fundamental

understanding not only on the TMR effect but also on the quantum tunneling itself.

In this work, we propose a possible mechanism of the TMR 500

oscillation in the Fe/MgO/Fe(001) MTJ [6]. Our idea is to consider 400—\N\N\/\/\

the superposition of wave functions with opposite spins and "E s00f
different Fermi momenta for the tunneling problem, which is easily E 200k
justified due to the existence of the spin-flip scattering around the E ool
interface of the MTJ. Assuming the superposition of the majority- (a)

0
spin A; and minority-spin A, wave functions for the transmission e

wave, we solved the tunneling problems for the parallel and g‘“’”' g%%e%%%e“%ﬁ ]
antiparallel magnetization states of the Fe electrodes. The obtained % 300F g,oogamg 1
transmittances in both the magnetization states and the resultant % w0f g

TMR ratio were found to oscillate with a period of ~3A by varying = o}

the insulating barrier thickness, consistent with experimental om(b) - - -
observations. From the obtained analytical expressions, we also barrier thickness (A)

found that the period of the TMR oscillation is determined by the Fig. 1 (a) Theoretically calculated and

difference in the Fermi momenta between the majority-spin A; and (b) experimentally obtained TMR
ratios as a function of the insulating

minority-spin A, states. Finally, we directly compared our barrier thickness. From Ref. [6]

calculation results with our experimental results obtained for the

high-quality single-crystalline MTJ. We found that the calculation results [Fig. 1(a)]  reproduce the
characteristic sawtooth-like shape in the experimentally observed TMR oscillation [Fig. 1(b)]. 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).
[1] S. Yuasa et al., Nat. Mater. 3, 868 (2004). [2] R. Matsumoto et al., Appl. Phys. Lett. 90, 252506 (2007). [3] T.
Scheike et al., Appl. Phys. Lett. 118, 042411 (2021). [4] W. H. Butler et al., Phys. Rev. B 63, 054416 (2001). [5]
X.-G. Zhang et al., Phys. Rev. B 77, 144431 (2008). [6] K. Masuda et al., arXiv:2406.07919.
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Ab-initio study on spin-transport properties of Fe/Mn/MgO/Mn/Fe and
Co/Mn/MgO/Mn/Co magnetic tunnel junctions
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In spintronics applications, magnetic tunnel junctions (MTJs) with a high tunneling magneto-resistance
(TMR) ratio (~1000%) at low temperatures (LT) as well as at the room temperature (RT) are desirable.
There have been an enormous amount of studies in the search of suitable electrode materials whereas MgO
is largely used as an insulating barrier of MTJs. Indeed, Fe(bcc)/MgO/Fe(bcc) and Co(bcc)/MgO/Co(bec)
are amongst the most studied MTJs, which show a large TMR ratios at LT owing to the coherent tunnelling
of electrons with A; symmetry [1,2]. However, because of thermal fluctuation of interfacial spin-moments,
the TMR ratio falls rapidly with increasing temperature [3]. In a recent experimental study, CoMnFe(bcc)/
MgO/CoMnFe(bcc) is reported to show high TMR ratio at LT (1002%) and it is reduced to 350% at RT [4].
It is also found that Mn atoms are located at the interfacial region with MgO [4].

In this ab-initio study, we show the impact of Mn monolayer (1ML) insertion at the interface with MgO
in pristine Co/MgO/Co and Fe/MgO/Fe MTJs. Figure 1 shows the TMR ratio and the resistance-area (RA)
product of studied MTJs. Although the TMR ratio remains in the range of a few 1000%, the RA-product is
much reduced after the Mn (1ML) insertion. However, oxidization of the interfacial Mn (LML) remarkably
deteriorates the spin-filtering property. We also evaluate the exchange stiffness constant and magnetic
anisotropy energy of the MTJs to discuss the temperature dependence of TMR ratio with and without
interfacial Mn (LML). The thermodynamic stability of the Mn (LML) formation at the interface is also
discussed energetically.

The authors thank S. Mizukami for fruitful discussions. This work was partially supported by CREST (Grant
No. JPMJCR17J5) from JST and X-NICS (Grant No. JPJ011438) from MEXT.
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Figure 1: (a) TMR ratio (b) RA-product of studied MTJs.
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[3] Y. Miura et al., Phys. Rev. B 83, 214411 (2011). [4] T. Ichinose et al., J. Alloys Compd. 960, 170750 (2023).
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Enhanced tunnel magnetoresistance of Fe/MgGa204/Fe(001)
magnetic tunnel junctions using MgO terminations as a Ga diffusion barrier
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Uzuhashi!, Tadakatsu Ohkubo', Seiji Mitani'?, and Hiroaki Sukegawa'
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Magnetic tunnel junctions (MTJs) are widely used in spintronic applications, including tunneling
magnetoresistive (TMR) heads in hard disk drives and magnetoresistive random access memory
(MRAM) cells. To maintain the scaling of these devices, it is necessary to reduce the resistance area
product (R4) while maintaining the barrier thickness. MgGa>O4 (MGO) is a promising candidate for a
low RA barrier due to its low band gap (~4.7 eV) and relatively large TMR ratios of over 120% at room
temperature (RT) [1]. Recently, it has been reported that MgO insertion at both the upper and lower
MGO interfaces in CoFeB/MGO/CoFeB MT]Js is effective to enhance the interfacial perpendicular
magnetic anisotropy and TMR ratio [2]. However, the mechanism of the improvement by the insertion
remains to be elucidated. In this study, we developed Fe/MGO/Fe(001) epitaxial MTJs to investigate
the effect of the MgO termination.

MT]J stacks were deposited by ultra-high vacuum magnetron sputtering. The typical structure is
MgO(001) substrate/Cr bufter/Fe(50)/bottom MgO/MGO (1.7)/top MgO/Fe (5)/IrMn (10)/Ru (10),
(unit: nm). The MgO and MGO layers were deposited using MgO and MgGa,Os sintered targets. The
stacks were post-annealed at 200°C under a magnetic field of 2 kOe. Magnetotransport properties were
characterized by dc four-probe method after patterning into micrometer-scale MTJs.

The insertion of MgO ~0.3 nm for the bottom and top MGO interfaces and post-annealing processes
resulted in an enhanced TMR ratio of 151% at RT. The value increases up to 291% at 5 K. Scanning
transmission electron microscopy and energy dispersive X-ray spectroscopy of the MTJ cross-section
revealed that Ga diffusion from the MGO to the Fe layers is suppressed by the MgO insertion, resulting
in the improvement of the TMR ratio.

This work was partially executed in response to support of KIOXIA Corporation and supported by
MEXT Program: Data Creation and Utilization-Type Material Research and Development Project Grant
Number JPMXP1122715503, and JSPS KAKENHI (Grant Nos. 21H01750, 22H04966, and 24H00408).
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[1] S. Ikeda et al., Appl. Phys. Lett. 93, 082508 (2008). [2] W.G. Wang et al., Appl. Phys. Lett. 92,
152501 (2008). [3] D.D. Djayaprawira, et al., Appl. Phys. Lett. 86, 092502 (2005).
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Low magnetic damping recording layer for reducing write-errors
in voltage-driven magnetization switching
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National Institute of Advanced Industrial Science and Technology (AIST),
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Introduction Electrical control of magnetization in magnetic tunnel junctions (MTJs) is the key
technology for developing magnetoresistive random access memory (MRAM). Among a variety of
techniques, the use of voltage-controlled magnetic anisotropy (VCMA) effect allows for switching the
magnetization with a minimal energy and is thus regarded as a promising alternative to the spin-transfer-
torque (STT) technology used in the state-of-the-art MRAMSs [1]. Regardless of the remarkable advantage in
the energy efficiency, it is not straightforward to replace the STT-MRAM by the VCMA-MRAM; a
substantial reduction in the write-error rate (WER) of the VCMA-driven magnetization switching is strongly
demanded for the practical application. While WERs of lower than 10 have been demonstrated by using a
precisely controlled write pulse with a duration #, as short as 0.2 ns [2], it is quite challenging to achieve low
WERSs in the practical (#, > 1 ns) regime because the magnetization is subject to the thermal noise which
randomly fluctuates the orbital motion during ¢, and that results in the write-errors.

In this work, we develop perpendicularly magnetized MTJs consisting of an MgaoFe100s0/Co-Fe-
B/MgO multilayer as a recording layer. The nonmagnetic insulators on both sides of the Co-Fe-B layer
effectively eliminates the spin pumping effect to reduce the effective magnetic damping a.sr. We show that
the lower magnetic damping reduces the thermal fluctuation during #,, and a fairly low WER of the order of
1073 is achieved for £, > 1 ns.

Experiments MT] films consisting of a Co-Fe-B (0.8)/
MgaoFe100s0  (2.0)/Co-Fe-B  (1.4)/Mo  (0.3)/MgO (0.8)
(thicknesses in nm) junctions were prepared on 300 mm Si
wafers with a buffer layer. The magnetic properties of MTJ
films were characterized by using a vibrating sample
magnetometer and a vector network analyzer ferromagnetic
resonance (FMR) measurement apparatus. To investigate the

magneto-transport  properties, the MTJ films were f (GH2)
microfabricated into $60 nm nanopillar devices using (b)
electron-beam lithography. The WER was calculated from 2 il LH =61.6mT
5 . . . . - 1035_ 0 ip .
x 10° trials for various #, under an in-plane magnetic field Hip. |
Owing to the superior wettability of Co-Fe-B on v

MgaoFe100s0 [3], the Co-Fe-B recording layer exhibits a low .
acir0f 0.01 while avoiding FMR linewidth broadening arising .
from the structural inhomogeneity, as shown in Fig. 1(a). In
fact, the obtained acfr is about one-third that of a conventional

i A\/Eg.g mT
Ta/Co-Fe-B/MgO recording layer. Figure 1(b) shows the _ V

WER
1

WER as a function of #,. The WER exhibits a clear minimum -
at a certain f, corresponding to half of the magnetization .

precession period and the position shifts to the longer #, side .

as the applied Hi, is reduced. Meanwhile, the WER dip 1 M3 W
structure of #,-WER curve is broadened for the lower Hjp, and _ | |

more importantly, the present MTJ maintain WER < 10~ even 00 05 1.0 1.5 20
for #, > 1 ns, which is 3-orders of magnitude lower than t, (ns)

conventional MTJs. We discuss the reduction of WER in Figure 1 (a) FMR linewidth of recording layers in
terms of reduced thermal fluctuation during ¢, owing to the MTJ films. (b) WER as a function of ¢,
reduced acr in the recording layer [4].

This presentation was partly based on results obtained from projects JPNP16007 and JPNP20017 commissioned
by the New Energy and Industrial Technology Development Organization (NEDO), Japan.

References [1] T. Nozaki et al., Micromachines 10, 327 (2019). [2] T. Yamamoto et al., J. Phys. D: Appl. Phys.
52, 164001 (2019). [3] T. Yamamoto et al., Acta Mater., 267, 119749 (2024). [4] T. Yamamoto et al., Phys. Rev.
Applied, 21, 054008 (2024).
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Probabilistic computing accuracy with various types of random telegraph noise from
stochastic magnetic tunnel junctions
O(M2) Haruna Kaneko,'? Shun Kanai,'” Hideo Ohno,>® and Shunsuke Fukami'->>63
IRIEC, Tohoku Univ., 2Graduate School of Engineering, Tohoku Univ., 3JST PRESTO, “DEFS,
Tohoku Univ., CSIS, Tohoku Univ., "'WPI-AIMR, Tohoku Univ., ’QST, 8CIES, Tohoku Univ.,
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Probabilistic computers (p-computers) with probabilistic bits (p-bits) are expected to address some com-
putationally hard problems for conventional deterministic computers, and stochastic magnetic tunnel junc-
tions (s-MTJs) show promise as the crucial constituent of the p-bits [1,2]. Here, we study the computational
accuracy as a function of the statistical properties of random telegraph noise (RTN) from s-MTJs [3-8].

We investigate the accuracy of p-computing based on the Ising model in terms of (i) frequent appearance
of the lowest energy (F) states (correct solutions) compared to the incorrect ones in the statistics and (ii) low
variation of probabilities among the lowest energetically equivalent states. We simulate the NAND-gate op-
eration [9] using experimentally obtained RTN of s-MTlJs [8] with various statistical properties (amplitude,
distribution, etc.), where the amplitude (distribution) is mainly determined by the tunneling magnetore-
sistance ratio (magnetic anisotropy) of the s-MTJ. We also test two extreme cases: binary and continuous
random numbers [Fig. 1a]. The interaction between p-bits is implemented by sending a signal given by -
1yOE/0x; to ith p-bit, where [y is the inverse temperature representing the strength of interaction and x; is the
binary state of ith p-bit. We define Io" as Ip to achieve the highest accuracy of p-computing. We find a positive
correlation between the RTN amplitude and /o” for all types of random numbers [Fig. 1b], indicating that /o
should be adjusted depending on the amplitude. We also find a systematic variation of operational window
with the nature of RTN to obtain high accuracy. The obtained results provide a guideline to design and operate
the s-MTJ-based p-computer.

This work is supported in part by JST-CREST JPMJCR19K3, JST-PRESTO JPMJPR21B2, JST-ASPIRE
JPMIJAP2322, and Takano Research Foundation.

(a) (b)
[1]1K. Y. Camsari et al., Phys. Rev. X 7,031014 (2017). TR 1 ol R
[2]W. A. Borders et al., Nature 573, 390 (2019). b | ) | 1 oelt Cmme
[3] S. Kanai et al., Phys. Rev. B 103, 094423 (2021). ST *o 0.4l o
[4] K. Hayakawa et al., PRL 126, 117202 (2021). Of Amplitude ] . 2
[5] K. Kobayashi et al., PRAppl. 18, 054085 (2022). o R R
[6] K. Y. Camsari et al., PRAppl. 15, 044049 (2021). o 1 %0027 04 06 08 10
[7] K. Selcuk et al., PRAppl. 21, 054002 (2024). Amplitude
[8]R. Ota et al., arXiv 2405, 20665 (2024). Fig. 1 (a) Histogram of the random telegraph noise
[9]1N. A. Aadit ez al., Nat. Electron. 5, 460 (2022). (RTN) and binary/continuous random number. (b) /o*

for each amplitude of RTN and binary/ continuous
random numbers.
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Chaotic dynamics of spintronic oscillator with tunable anharmonic potential
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Recently, physical reservoir computing, which is a neural network based on the nonlinear dynamics
of physical systems, has much attention from information science and nonlinear physics. As a
promising resource, spintronic devises have been actively studied, because magnetization dynamics
allows low-power energy consumption and nanosecond-scale response on the devise operation. It is
known that reservoir computing shows high performance at the so-called “edge of chaos”, which is a
transient state between periodic phase and chaos [1]. Accordingly, the chaotic dynamics of spin torque
oscillator (STO) is theoretically investigated [2,3]. However, one of the studies reports that a typical
STO requires a spin torque induced effective field with an order of several hundred mT for chaos [3],

which hinders an application of the edge of chaos to spintronic reservoir devices.

(a)

In this study, we propose a spintronic Duffing oscillator

Easy 4

AC spin
torque B

that realizes chaotic magnetization dynamics in the spin-

torque ferromagnetic resonance. Figure 1(a) shows a

V()

schematic illustration of our model characterized by the
magnetic potential with the uniaxial magnetic anisotropy.

The shape of the potential is similar to that of the Duffing

equation which represents chaotic dynamics in a particle - _g 0

NI

system. That is the key to realize the chaotic dynamics.

) S

H | Chaos

04 3 S

- 3TN

e et I

0” 5.0 10.0 15.0 20.0 25.0
BZ¢[mT]

is about 1/10 of the previous study [3]. In the presentation, we FIG. 1. (a)The shape of magnetic potential

Based on the Landau-Lifshitz-Gilbert (LLG) equation, we
investigated the magnetization dynamics by means of the

Lyapunov exponent A (fig. 1(b)) and bifurcation diagram.

Figure 1(b) shows that chaotic dynamics occurs when spin

Lyapunov exponent A[ns 1]

torque induced effective field is around 20 mT, whose value

for the magnetization angle ¢ and a
schematic illustration of our model. The
the proposed model and how to tune the potential shape. external magnetic field B, is 165 mT.
(b)Lyapunov exponent as a function of the

will discuss the mechanism of low-power energy consumption of

magnitude of spin torque induced effective
[1] R. Legenstein, et al., Neural Networks 20, 323-334 (2007). fields B[mT] with the resonance

[2] T. Taniguchi, et al., J. Magn. Magn. Mater. 563, 170009 (2022). ~ frequency 3.22 GHz
[3] T. Yamaguchi, ef al., Phys. Rev. B 100, 224422 (2019).
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Microwave control of chiral spin rotation in a non-collinear antiferromagnet Mn3Sn
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°Shoya Sakamoto', Takuya Nomoto %, Tomoya Higo>', Yuki Hibino*, Tatsuya Yamamoto*,
Shingo Tamaru*, Yoshinori Kotani®, Hidetoshi Kosaki !, Masanobu Shigal,
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Ryotaro Arita>’, Satoru Nakatsuji*'®*’, and Shinji Miwa'?®

E-mail: shoya.sakamoto@issp.u-tokyo.ac.jp

Spintronics based on ferromagnets has led to the development of microwave spin-toque oscillators and
diodes [1]. In these devices, magnetization precession frequencies reach several tens of GHz. Utilizing
antiferromagnet holds promise as they may operate at much higher frequencies. In the present study, we
explore the dynamics of antiferromagnetic spin structure in Mn3Sn, known as chiral spin rotation [2-5],
with concomitant application of DC and microwave current.

We fabricated Mn3Sn (7 nm)/W (6 nm) epitaxial bilayers on MgO(110) substrates using molecular
beam epitaxy [6,7]. The fabricated thin films were patterned into Hall bar devices by photolithography and
Ar ion etching. A DC bias current and microwave current with amplitude modulation were applied through
a bias-tee, and resultant DC Hall voltages were measured with a lock-in amplifier. We observed the
emergence of DC Hall voltages upon concurrent application of microwave and DC bias currents. Through
numerical simulations, we revealed that the rectified signals stem from the injection locking of chiral spin
rotation to the microwave spin-orbit torque, which is similar to the spin-torque diode effect in ferromagnet.

This work was supported by JSPS KAKENHI (Nos. JP19HO05825, JP21H04437, JP22H00290,
22H04964, 23H01833), JST CREST (JPMJCR18T3), JST Mirai Program (JPMJMI20A1), MEXT-Xnics
(No. JPJ011438), JST-PRESTO (JPMJCR18T3), JST-ASPIRE (No. JPMJAP2317), and Spin-RNJ.

Reference

[1] A. A. Tulapurkar et al., Nature 438, 339 (2005). [2] O. V. Gomonay and V. M. Loktev, Low Temp.
Phys. 41, 698-704 (2015). [3] H. Fujita, Phys. Status Solidi PRL 11, 1600360 (2017) [4] H. Tsai et al.,
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Out-of-plane spin-orbit torque induced by magnetostriction for Co/Ni multilayers
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(1. NIMS, 2. Kyoto Univ., 3. JST CREST)
E-mail: SUGIMOTO.Satoshi@nims.go.jp

Design of spin polarization direction is an essential agenda for further developments of spin-orbit torque
(SOT)-induced magnetization switching. Especially, out-of-plane (OOP) SOT enables zero-field switching
of perpendicular magnetization with solving geometric constraints of in-plane SOT M. Generations of such
OOP SOTs have principally required additional symmetry breaking for thin-film layered structures, and
device engineering 21 and spin-injections by low-symmetry crystals 81 have been investigated so far. In this
study, we newly introduce an alternative approach for inducing huge OOP-SOT for Co/Ni multilayers,
attributed to strong magnetostriction of nonequilibrium Ni films.

Films with a structure of surface oxidized Si(100) substrate //Ta(2)/Pt(10)/Co(0.6)/Ni(tni) /Co(0.6)/ Pt(tpr)
were fabricated using a magnetron sputtering system. The robust perpendicular magnetic anisotropy (PMA)
was sustained close to tni = 7 nm, far beyond the typical ferromagnetic thickness limits of interfacial PMA
such like Pt/Co and CoFeB/MgO. Our structure analyses revealed strong negative magnetostrictions unique
to Ni [ have resulted in heterogeneous magnetic microstructures with finite lattice relaxation along the
perpendicular direction. Figure 1(a) shows FMR spectra for in-plane Co/Ni multilayers for opposite field

directions. Clear nonreciprocity against

(a) (b)
- - - 3 T T N T T T T T T T
field inversion (Vstrmr(poH) # — 0 = fz SERC NI
- - 2F—e—pH<0 1 1 Ea ’ ® oy O G ‘“
—Vstemr(—poH)) indicated ! [ Sz g o l‘“
. . . f\!\ gosf b
unconventional SOT applications there. S PN 804l o :‘
e $ £ ol o) o
The in-plane torque profiles revealed the § / E 22 g==18"0 Q\%O 6o
- >’ ¥ 2N 1
emergence of strong OOP fieldlike and H { g-08f ‘ ;
L §-12f 10
dampinglike SOTs, and their 3r O 16 4
4 T ‘IVSTFMH(HUHI> 0) w 20l ‘ ‘ ) ) :wl. )
spin-to-charge (SC) conversion 100 200 4 5 6 7 8 9 10
HoH (mT) top Pt thickness (nm)
efficiencies g (i = x,y,z) were boosted up
at in-plane SOT cancellation limit Fig. 1 (a) Nonreciprocal FMR spectra for Ni/Co multilayers.

between top and bottom Pt layersas tr  (b) SC conversion efficiencies for (x,y,z) components.
~ 8.6 nm. This divergence of {;pLrL) supports intrinsic OOP-SOT unique to nonequilibrium Ni films.

This work was partially supported by JSPS KAKENHI Grant Number 20K14419, and JST, CREST Grant
No. JPMJCR21C1, Japan.
[1] I. M. Miron et al., Nature (London) 476, 189 (2011). [2] Y. W. Oh et al., Nat. Nanotechnol. 11, 878
(2016). [3] D. MacNeill et al., Nat. Phys. 13, 300 (2017). [4] G. Matsumoto et al., J. Phys. Soc. Jpn. 21,
882 (1996).
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Giant Odd-parity Magnetoresistance in an a-Sn / (In,Fe)Sb Heterostructure
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Department of Electrical Engineering and Information Systems, The University of Tokyo !,
Center for Spintronics Research Network (CSRN), The University of Tokyo 2,
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The magnetoresistance is usually an even function of a magnetic field according to Onsager’s theorem
[1]. However, when time reversal symmetry (TRS) is broken, the magnetoresistance may have an odd-
function component of a magnetic field. This phenomenon is called odd-parity magnetoresistance (OMR).
OMR is theoretically predicted to occur in Weyl semimetals (WSM) with tilted Weyl cones [2]. WSM is
characterized by the spin-splitting Dirac cone (Weyl cones) and may be achieved by introducing TRS
breaking such as magnetization into topological Dirac semimetals (TDS). Here, we focus on a-Sn / (Ini-
xFex)Sb heterostructures, where o-Sn is known as a TDS [3], while (Ini.,Fe )Sb is a ferromagnetic
semiconductor (FMS) [4]. In this heterostructure, the TRS in a-Sn is expected to be broken by the magnetic
proximity effect from the magnetization of underlying (In;x,Fex)Sb, enabling us to observe OMR.

In this study, an a-Sn / (In;,Fex)Sb heterostructure was grown by molecular beam epitaxy. The sample
structure was (from top to bottom) AlOx (3 nm) / a-Sn (6.5 nm) / (Ini-,Fex)Sb (x = 15%, 20 nm) / InSb (100
nm) on an InSb (001) substrate. The ferromagnetism was measured by magnetic circular dichroism (MCD),
which indicates that the Curie temperature of the (In,Fe)Sb is 120 K. For transport measurements, we
fabricated a 50400 pm? Hall bar (Fig.1 a). When a magnetic field B was applied parallel to the current, we
observe a giant OMR as large as 170 % at B=1T, 5.5 K (Fig.1 b). Moreover, the signs of OMR (R1 and R2
in Fig 1b) are different when being measured at the opposite edges, which suggests that the OMR occurs in
the transport channels at the Hall bar edges. The origin of this OMR might be explained by opposite tilting
of the Weyl cones at the opposite edges. This large OMR possibly provides a deeper insight into MPE in
topological materials and practical spintronic applications.

This work was partly supported by Grants-in-Aid for Scientific Research, CREST program and PRESTO Program
of JST, UTEC-UTokyo FSI, Murata Science Foundation and Spintronics Research Network of Japan (Spin-RNJ).
[1] L. Onsager, Phys. Rev. 37, 405 (1934). [2] A. Kundu et al., New J. Phys. 22 083081 (2020).

[3] L. D. Anh, et al., Adv. Mat. 33, 2104645 (2021). [4] N. T. Tu, et al., Appl. Phys. Express 11, 063005 (2018).

Fig.1 (a) Top view of the Hall
bar device, taken by optical
microscopy, and measurement
setup. Ri=Vi/ 1 ({@=1,2)1s
defined as the resistance
measured at each edge. (b)
Odd-parity magnetoresistances
(OMRs) of Ry and R, at 5.5 K
when the magnetic field B is
applied parallel to the current.
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Temperature- and magnetic field-induced magnetic structural changes in the Fes3Si/FeSiz
superlattice
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Magnetoelectric switching phenomena in electron-doped hexagonal improper ferroelectrics

displaying topologically protected magnetoelectric vortex state
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243-0435, Japan', Laboratory for Materials and Structures, Tokyo Institute of Technology, 4259
Nagatsuta, Midori-ku, Yokohama, Kanagawa 226-8503, Japan?

°Hena Das'?
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Magnetoelectric (ME) multiferroic systems hold promise to facilitate fast, ultra-low energy consuming
memory and logic devices. However, for technological applications we need to ensure low coercive fields
and maintain the desired ME functionality at nanoscale and above room temperature. Despite significant
research developments, the number of technologically relevant room-temperature magnetoelectrics are still
limited and hinders the design of practical magnetoelectric memories. Also, ME switching kinetics and
dynamics are poorly understood. Here, we will discuss an idea to realize noncollinear ferrimagnetic orders
with a considerably high magnetization M ( ~ 1.2 pg/f.u.) and magnetic transition temperature (~ 290 K) and
strong ME coupling in an improper ferroelectric oxides forming topologically protected magnetoelectric
vortex state [Hena Das ef al., Nat. Commun. §, 2998 (2014), Yanan Geng, Hena Das ef al., Nat. Mater. 13,
163 (2014), Hena Das, Phys. Rev. Research 5, 013007 (2023)]. We will elucidate the microscopic
mechanisms of electric field induced magnetic phase transitions and ME coupling processes and the chemical
and structural control over these phenomena. We will also discuss interactions between oxygen vacancies
and the multiferroic order in these systems, giving new opportunities for deterministic defect-enabled
property control in oxide heterostructures (K. A. Hunnestad, Hena Das et al.,, Nat. Commun.

(https://doi.org/10.1038/s41467-024-49437-0) (2024)).

Acknowledgements: Research at the Tokyo Institute of Technology is supported by the Ministry of
Education, Culture, Sports, Science and Technology, Japan Grants-in-Aid No 24H00374 and JST-CREST
(JPMIJCR2201). H.D. also acknowledges computational support from TSUBAME supercomputing facility.
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Interlayer Electron Transfer from WSz Monolayers to 111-V Semiconductor Substrates
Enhanced by Surface Treatments
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Van der Waals heterostructures based on two-dimensional (2D) semiconducting transition metal
dichalcogenides (TMDCs) and three-dimensional (3D) semiconductors are promising platforms for
optoelectronics, owing to the spin—valley coupled physics in 2D TMDCs and the well-developed doping
technologies for 3D semiconductors. To date, a variety of state-of-the-art devices have been realized,
including a subthermionic tunnel field effect transistor [1] and a spin light-emitting diode [2]. For such
2D/3D semiconductor heterostructures, the surface of 3D semiconductors can play a critical role in
modifying the transfer of charge, spin and valley currents between the constituent 2D and 3D
semiconductors. Here, we present an enhanced static electron transfer from WS, monolayers to 111-V
semiconductors [3].

The monolayer WS»/111-V semiconductor heterostructures studied were fabricated by transferring WS,
monolayers on I11-V semiconductor substrates. For the 111-V substrates, an n-type Ino.04Gag.96As substrate
and a semi-insulating GaAs substrate were used. The surface of the I1I-V substrates was of three types:
(i) The substrates were covered with a native oxide layer of ~2.5 nm in thickness; (ii) The native oxides
were reduced,; (iii) After the native oxides were reduced, the substrate surface was sulfur passivated.

The excitonic species in the WS, monolayers were identified by polarization-resolved
photoluminescence (PL) measurements at T = 4 K under 2.21 eV excitation, where the valley decoherence
pathways are effectively suppressed. Figure 1 shows the horizontally (H) and vertically (V) polarized PL
components in the WS, monolayers under the simultaneous photoexcitation of the K and K' valleys by H
polarized light. In the WS, monolayers on the native oxide-covered Il1-V substrates (top, purple), the
amplitudes of the H and V components were identical, indicating negatively charged exciton emission.
Meanwhile, in the WS, monolayers on the reduced (middle, orange)
and sulfur-passivated (bottom, green) IlI-V substrates, the V
components were weaker than the H components, indicating neutral
exciton emission. This reflects the enhancement of interlayer electron

Covered with

| native oxides

transfer from the WS, monolayer to the 111-V substrates induced by
the surface treatments. These results provide a novel approach to
control the carrier density of 2D semiconductors, and to facilitate the

Native oxides
"reduced

interlayer transfer of charge, spin and valley currents.

This work was supported by the JSPS KAKENHI (grant no.
21H04647), JST-FOREST (grant no. JPMJFR203C), JST-CREST
(grant no. JPMJCR22C2) and JST-SPRING (grant no. JPMJSP2114)
programs, and the Asahi Glass Foundation. T.0. and KK,

| Sulfur passivated

Linearly polarized PL (a.u.)

\

acknowledge the financial support from GP-Spin at Tohoku University. 1.9 2?0 2.1
[1] D. Sarkar et al., Nature 526, 91-95 (2015), Energy (eV)

[2] Y. Ye et al., Nature Nanotech. 11, 598-602 (2016). Fig. 1: Polarization-resolved PL
[3] T. Odagawa et al., APL Materials (accepted). spectra for the WS, monolayers.
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Observation of superconducting diode effect
in a Fe(Se, Te)/FeTe heterostructure device
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Superconducting diode effect (SDE), i.e., non-reciprocal response of the superconducting critical
current, has attracted growing interests owing to its potential application to superconducting devices [1].
The mechanisms of SDE have been discussed among spin-orbit interaction induced by microscopic spatial
inversion asymmetry, macroscopic imbalance of the device structure, and geometrically anisotropic defects.
An iron-based superconductor Fe(Se,Te) is a good candidate material for exploring SDE because of its high
superconducting critical parameters [2] and strong spin-orbit interaction [3]. In this study, we demonstrated
SDE in a Fe(Se,Te)/FeTe thin-film heterostructure [4].

The Se capped 23.3-nm-thick Fe(Se,Te)/20-nm-thick FeTe heterostructure was grown by pulsed-laser
deposition. We confirmed c-axis oriented growth of the Fe(Se,Te) and FeTe layers by x-ray diffraction

pattern. To evaluate the superconducting critical current

(lc), the heterostructure was patterned into a 50-pum-wide @

rectangular-shaped device with four Pt/Ti electrodes as FE{%?;;?:;Q e

shown in Fig. 1(a). From temperature dependence of the

sheet resistance, we determined onset T, = 13.5 K. Figure

1(b) shows I-V characteristics when the in-plane magnetic :

fields poH = 5 T were applied. In addition to the Egg![rode

non-linear feature indicating superconductivity, we (b) 30 . .
observed that I¢ for a positive bias is larger than that for a T=42K > T.
negative bias when poH = +5 T. Such a relationship was 15r -
reversed for poH = =5 T, which is consistent with the % 0

previous report [1]. In this talk, we will discuss the origin ; H A
of SDE observed in our Fe(Se,Te)/FeTe heterostructure —15¢ \t‘"_':_;.j‘ i
device based on temperature and magnetic field -30 - T , , /
dependences of the diode efficiency as well as second -10 -5 l(r?m) 5 10
harmonic resistance [4]. Fig. 1 (a) Optical micrograph of the

Reference [1] F. Ando et al., Nature 584, 373 (2020). [2] Y. Fe(Se,Te)/FeTe heterostructure and setup
for critical current measurement. (b) I-V

Imai et al., Proc. Natl. Acad. Sci. USA 112, 1937 (2015). characteristics at T = 4.2 K when in-p|ane
[3] P. Zhang et al., Science 360, 182 (2018). [4] Y. ~Magnetic field of +5 T (black solid curve)

and —5 T (red) is applied perpendicular to
Kobayashi, J. Shiogai et al., to be submitted. the current.
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Nonreciprocal transport in FeSe superconducting thin films
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Nonreciprocal transport is one of the diode effects where current flows easily in one direction but not the
other. Recently, this topic has attracted attention because it is unique to low symmetric materials, which
requires both inversion and time-reversal symmetry breaking within a crystal. This effect has been observed
in several superconducting materials [1~3] until now. However, for practical applications such as diode
elements, it is desired to study this effect in simpler structures. In this study, we report nonreciprocal
transport in FeSe thin films below the superconducting transition temperature T.~3 K despite the fact that
the crystal structure of FeSe possesses inversion symmetry.

We grew FeSe films with a thickness of 26 nm on a LaAlOs3 substrate by pulsed laser deposition (PLD)
and subsequently deposited amorphous Si as a protective capping layer. All of the transport properties were
measured using the DC four-terminal method under magnetic fields to break time-reversal symmetry. The
nonreciprocal component was obtained by taking the difference between the voltages for left-going and
right-going currents. The current dependence of the voltage V., (£I) and nonreciprocal voltage, AV =
(Ve (1) — |Vie (=D)]) /2 under an in-plane magnetic field -0.6 T,
perpendicular to the current, are shown in Fig. 1. A finite value of the
Vi (1) was observed in the superconducting state at 2.1 K when the

current was applied. This is attributed to superconducting vortices

700

driven by the current. As the current increases, AV becomes evident 600l —0.6 lr
and shows a broad peak at around 8 mA in the superconducting state. %1
o : O V(4D
Broken spatial inversion symmetry at LaAlOs/FeSe and FeSe/Si I 300l
interfaces may cause vortices to move asymmetrically in direction 2007 |_ 21K
. . L oo Ve (=D

perpendicular to the current. In the presentation, we will discuss 3 ‘ e

vortex dynamics and mechanisms of the nonreciprocal phenomenon. E 2 21K 1
N i

[1] R. Wakatsuki et al., Sci. Adv. 3, 1602390 (2017). < ;’ 42K E

0 5 10 15 20
[2] E. Zhang et al., Nat. Commun. 11, 5634 (2020). 1 (mA)
[3] M. Masuko et al., npj Quantum Mater. 7, 104 (2022). Figure 1. Current dependence of

the voltage and nonreciprocal

voltage at -0.6 T.
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Oscillatory conduction behavior and its magnetic-field-induced enhancement in
an all-epitaxial La;;3Sr13MnQO3/SrTiO3/Nb:SrTiO; tunneling heterostructure
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' Department of Electrical Engineering and Information Systems, The University of Tokyo
2 Center for Spintronics Research Network, School of Engineering, The University of Tokyo
*E-mail: tatsuro-endo@g.ecc.u-tokyo.ac.jp

Resonant tunneling (RT), which reflects the coherence of electrons in quantum wells, has been
demonstrated in heterostructures using various materials. Among them, there are several reports of
negative differential resistance (NDR) related to the resonant states and RT in perovskite-oxide-based
heterostructures. For example, there are reports on NDR in heterostructures where defects or impurities
are deliberately introduced [1,2] and on RT in heterostructures with thin layers of electron gas formed
either by d-doping [3] or by utilizing a spontaneously formed charged ferroelectric domain wall [4].
These reports on RT, however, are either too complicated for straightforward analysis or give too little
room for engineering. Here, we report a clear oscillation of electrical conductivity in a simple oxide-
based tunnel diode with a SrTiO; (STO) barrier between ferromagnetic Lay3SrisMnQO; (LSMO) and
Nb:STO electrodes.

We epitaxially grew a heterostructure composed of 12-nm-thick Lay3Sr13MnO3; (LSMO) / 10-nm-
thick STO on a Nb-doped STO (001) substrate with a Nb concentration of 0.5 wt% using molecular
beam epitaxy (MBE) [Fig. 1(a)]. After electrode patterning with electron beam lithography and Ar
milling etching, the sample was annealed under pure oxygen at atmospheric pressure to remove oxygen
vacancies. In this heterostructure, differential conductivity oscillations with multiple conduction peaks
are visible [Fig. 1(b,c)]. Resonant states arising from carriers confined in the LSMO layer between the
STO barrier and the sample surface are probably the cause of this oscillation. The current-voltage curves
of our heterostructure show no hysteresis, unlike the heterostructures with oxygen vacancies. We also
report the response to the magnetic field, where the differential conductivity oscillation is enhanced
when it is placed in the magnetic field applied perpendicular to the film plane [Fig. 1(d)]. Our results
show that the simple oxide structure obtained by MBE is capable of oscillatory conduction.

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

[111J. Son and S. Stemmer, Phys. Rev. B 80, 035105 (2009). [2] Y. Hikita et al., Phys. Rev. B 77, 205330 (2008).
[3] W. S. Choi et al., Nat. Commun. 6, 7424 (2015). [4] G. Sanchez-Santolino et al., Nat. Nanotech. 12, 655 (2017).
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Fig. 1 (a) Schematic cross-sectional illustration of the LSMO/STO/Nb:STO tunneling diode heterostructure
used in this study. (b) Derivative of the tunneling conductance obtained at various temperatures. (c)
Derivative of the tunneling conductance at 3.5 K, 5 K, 10 K, and 15 K, after subtracting the data obtained at
20 K. (d) Ratio of the differential conductivity to the one at the zero magnetic field under various bias voltages.
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Electron spin dynamics in dilute nitride InGaAsN quantum dots
grown at different temperatures
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III-V semiconductor quantum dots (QDs) have attracted much attention as active layers of spin-polarized
light-emitting diodes that convert the spin-polarized electrons into the corresponding circularly polarized
light [1]. However, the QD luminescence intensity and its circular polarization degree (CPD) are significantly
reduced at room temperature due to the escape of electrons from the QDs and the reinjection of spin-
depolarized electrons into the QDs [2]. Recently, we found that dilute nitride InGaAsN QDs show strong
luminescence at and above room temperature owning to the downward shift of conduction band, which can
significantly suppress the electron escape [3]. In this study, we focus on the spin polarization properties of
electrons in the dilute nitride InGaAsN QDs, which have not been sufficiently explored. The electron spin
dynamics in InGaAsN QDs grown at different temperatures is investigated, because low temperature growth
can introduce Ga®" interstitial defects with spin-filtering functions as in dilute nitride GaNAs [4].

Figure 1 shows a schematic illustration of the sample structure. Two types of Ing.sGao.sASo.9sNo.o2 QD
samples were prepared by RF-plasma-assisted molecular beam epitaxy, in which the QD growth temperatures
were 480°C and 420°C. Circularly polarized time-resolved photoluminescence (PL) measurement was
performed at 300 K. Spin-polarized carriers were generated by excitation of GaAs barriers with o™ circularly
polarized laser. Figures 2(a) and 2(b) show the circularly polarized PL time profiles and the corresponding
CPD of the 480°C and 420°C samples, respectively. Here, the CPD is defined as (I;+ — I5-)/(Ig+ + I5-)
using the circularly polarized PL intensity I+, which corresponds to the electron spin polarization at QD
states. The 480°C sample indicates a rapid CPD decay from 30% to 5%, which originates from the usual spin
relaxation in the QDs. However, the 420°C sample shows a temporarily suppressed CPD decay in the initial

time region. This result suggests a selective removal of minority spins from the QD emissive states.

z ‘(a). 4-80‘-’C-.sa‘mb|e- T I(b)' 420‘-’C-‘salmble' -300 ‘I(
E 1 F o—;) I(T+ ]
5 i
: e
3 .
go1
‘©
£
o
P4
; . o001 e
S.1.-GaAs (100) substrate 0 100 200 0 100 200
Time (ps)
Fig. 1 Schematic illustration of Fig. 2 Circularly polarized PL time profiles and corresponding CPD of
InGaAsN QD sample structure. dilute nitride InGaAsN QDs grown at (a) 480°C and (b) 420°C.
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[3] A. Morita et al., J. Appl. Phys. 134, 224303 (2023).
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Room temperature voltage control of optical spin polarization maintaining
photoluminescence intensity using 0D-2D semiconductor nanostructure
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IIT-V semiconductor quantum dots (QDs) have attracted attention as active layers of optical spin devices
owing to the suppressed spin relaxation and high luminescence efficiency. We have focused on the tunnel-
coupled structures of QDs and quantum well (QW) [1], and the circular polarization degree (CPD) of
photoluminescence (PL) has been manipulated by controlling the injection efficiency of carriers into QDs
with an applied electric field [2]. The CPD, which corresponds to the electron spin polarization at the QD
states, was defined as (I,+ — I5-)/(I;+ + I5-), where I _+/- denotes the right/left handed circularly
polarized PL intensity. In the previous study, the CPD was successfully modulated by the bias voltage,
whereas the PL intensity was simultaneously modulated because carriers easily escape from the QDs
depending on the bias condition [3]. In this study, we use InAs QDs as an active layer, which have largely
discretized energy states and thus can suppress carrier escape. The bias dependence of circularly polarized
PL for three repeats of InGaAs QW-InAs QD tunnel-coupled structure was investigated at room temperature.

Figure 1(a) shows a schematic illustration of the sample structure. The sample with three repeats of InGaAs
QW-InAs QD tunnel-coupled structure was grown on a p-GaAs(100) substrate by molecular beam epitaxy,
and the electrode was fabricated on its surface by standard microfabrication. Figures 1(b) and 1(c) show the
circularly polarized PL spectra and corresponding CPD with an excitation laser wavelength of 935 nm (QW
excitation) at bias voltages of +0.8 V and —1.6 V, respectively. Focusing on the QD excited state (ES) at
around 1.10 eV, there is no PL intensity change between these two conditions, whereas the CPD decreases at
anegative bias voltage. Here, the conduction-band potential of the QW is expected to be largely tilted toward
the QD side at —1.6 V with respect to the relatively flat band potential at +0.8 V. This band-potential slope
can induce the faster drift of electrons, and thus can promote the Dyakonov-Perel spin relaxation in the QW
[4]. Therefore, we expect that the depolarization of electrons during injection into the QDs is enhanced.
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Fig. 1 (a) Schematic illustration of QW-QD sample structure.

Circularly polarized PL spectra and corresponding CPD at room
temperature with bias voltages of (b) +0.8 V and (c) —1.6 V.
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Effect of spin diffusion on spin dynamics under persistent spin helix regime
in a GaAs/AlGaAs semiconductor quantum well
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In the persistent spin helix (PSH) state, the spin lifetime is ideally infinite, but in an actual system, the spin
lifetime is limited by the higher-order Dresselhaus Spin-orbit (SO) field. Near the PSH state, the spin lifetime
T, is expressed as Ty ! = 6Dsm?B;/h*, and is inversely proportional to the spin diffusion constant Dg [1].
Dy is determined by the electron momentum relaxation time 7, and the electron-electron scattering time
Tee a8 Dy = vE/ 2(tp L+ 72d), where v is the Fermi velocity. Thus, these electron scattering mechanics
affect the spin dynamics in the PSH state via the spin diffusion constant. In this work, we investigate the
effects of the two types of electron scattering mechanisms on the spin dynamics in a GaAs/AlGaAs quantum
well.

We used two samples with the same structure consisting of one-side modulation-doped (001)
GaAs/AlGaAs quantum well, but with about a ten-fold difference in electron mobility. This indicates that the

T, is expected to differ by a factor of ten. Furthermore, the 7., was modulated by changing the spin

p
excitation density. The spin dynamics was measured at 15 K by the time- and spatially resolved magneto-
optical Kerr rotation.

Figure 1 shows the time evolution of electron spins at different excitation densities at the low-mobility
sample. The spin relaxation is suppressed by the increase in the excitation density. The observed spin
relaxation here is mainly DP spin relaxation [2], in which the spin relaxation time is inversely proportional
to Dg. At high excitation density, the electron-electron scattering time decreases and this leads to the
reduction of Dg [3]. Assuming that the modulation of SO interactions due to the change in excitation density
is negligible, the decrease in the spin diffusion constant due to the enhancement of the electron-electron
scattering should cause an extension of the spin relaxation time. We also measure the excitation density

dependence of spin dynamics in the high-mobility sample. We will discuss the SO parameters estimated using

the spin diffusion method [4] and the effects of two types of electron scattering mechanisms on the SO

parameters and the spin dynamics near the persistent spin helix. T —
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Technology Foundation, the Asahi Glass Foundation, and RIEC, Tohoku 0"
University.

- 0 50 100 150 200

[17 S. Anghel et al., J. Appl. Phys. 132, 054301 (2022). t/ps
[2] M. L. D’yakonov and V. L. Perel, Sov. Phys. JETP 33, 1053 (1971). Fig. 1 Time evolution of spins on
[3]7J. Ishihara ef al., Phys. Rev. B 101, 094438 (2020). the low mobility sample at different
[4] M. Kohda et al., Appl. Phys. Lett. 107 172402 (2015). excitation densities.

© 2024%F [CRAYEER 09-045 10.4



18p-D61-11 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)
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A persistent spin helix state in a semiconductor quantum well suppresses the spin relaxation and forms a
spatial spin structure [1], which can be regarded as electron spin waves. In the persistent spin helix,
electron spin waves can be transported over distances of more than 100 um via drift currents [2]. In
addition, a previous study has reported the modulation of the spin precession frequency w and the spatial
precession length As, by the drift velocity based on a two-dimensional device [3]. In this study, we
demonstrated the wavelength modulation in a quasi-one-dimensional wire device.

We demonstrate the spin dynamics simulation. We consider a sufficiently long, 5 pm wide wire channel
structure in a two-dimensional electron gas in a (001) GaAs/AlGaAs quantum well. The wire width is
comparable or less than the wavelength of electron spin wave, which is defined as a quasi-one-dimensional.
Electron spins are continuously excited at the position x = 0 and transported by in-plane electric fields. We
assume that the drift velocity within the channel is constant. The spin precession dynamics are calculated
using a Monte-Carlo method based on a drift-diffusion model. We map the time average of spin states up to
1 ns at each coordinate within the channel after calculating the spin dynamics.

Figures 1(a) and (b) show maps of the drifted spin polarization under different simulation conditions.
Here, red and blue represent the spin-up state and spin-down state, respectively. For the drift velocity of
Varit = 1.0x10* m/s, corresponding to the ratio of the drift to the Fermi velocity Varitt/Vrermi iS approximately
0.04, the electron spins are transported along the x-direction with a precession as shown in Fig. 1(a). The
spatial precession length of the electron spins, As, is 12.30 um. When the drift velocity is increased 5 times,
a phase shift of the spatial precession is observed in the transported electron spins as shown in Fig. 1(b).
The s in this case is about 13.00 um, indicating a wavelength modulation of about 6% compared to that in
the case of vair = 1.0x10% m/s. This is because the amount of modulation of s is expressed as Aldso=-mh?
(Vrermi/Vari) /6m” B3, where fs is the cubic Dresselhaus coefficient. Then, we will discuss the comparison

with the experimental results.
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[1] M. P. Walser et al., Nature phys. 8, 757 (2012). Fig. 1. Map of calculated electron spins under
[2] Y. Kunihashi et al., Nat. Commun. 7, 10722 (2016). drift transport with s = 0.41x10"* eVm. (a)
[3] P. Altmann et al., Phys. Rev. Lett. 116, 196802 (2016). Varift = 1.0x10* m/s, (b) Varire = 5.0x10* m/s.
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Enhancement of Rashba Spin-Orbit Interaction Based on Quaternary
InGaAsP/InGaAs Single Quantum Well by Bayesian Optimization
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In two-dimensional electron gases (2DEGs), the Rashba spin-orbit interaction (SOI) is induced by internal
electric fields influenced by band bending in the quantum well (QW) and heterointerface band offsets. These
fields can be controlled by an external gate bias [1], allowing spin control without magnetic fields. Previous
research shows that 2DEG structures based on InGaAsP/InGaAs are particularly effective in enhancing the
internal electric field [2]. Improving our understanding and control of Rashba SOI is critical for the future
of semiconductor technology and spintronics. However, enhancing Rashba SOI is challenging due to the
many parameters involved in 2DEG structures. Therefore, we used Bayesian optimization to search for
quantum structures that maximize Rashba SOI efficiently.

Our base structure is an i-HEMT InGaAsP/InGaAs QW structure with the following parameters: QW
width w: 3-20 nm; composition ratio of the barrier layer ((Ino.s3Gao47As)x(InP)i), quantum well layer
(InyGai.yAs), and barrier layer ((Alo.slng s20As)A(Gao.47Ino 53A58)1-,) from the substrate side x, y, z: 0.00-1.00;
Si doping concentration: 0.2-4.0x10"'® cm™; and a top gate voltage of -0.3-0.3V. Using this structure, we
calculated the wave function in the quantum well and the band structure with distortion using nextnano, a

semiconductor quantum structure simulation. We then calculated the Rashba SOI, using theoretical

calculations [3], and performed Bayesian optimization with 1 o INAIAs InP InAs _InAIAs

the maximization of Rashba SOI as the objective function. S i 03Y Surtace E
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Electron spin wave (ESW), a spatially structured electron spin polarization resulting from the persistent
spin helix, can be exploited as a new information carrier due to its wave-like properties [1]. Here, we
demonstrate the interference of ESWs, which is crucial for the realization of ESW-based information

processing.

Spatially resolved Kerr rotation microscopy was used to probe the spatial distribution of electron spins in
a (001) GaAs/AlGaAs quantum well at 10 K. Figure 1(a) shows the in-phase interference of two ESWs: the
excitation positions of the ESWSs by two pump lasers were separated by an integer multiple of the wavelength

of the ESW (in this case the integer is 1), and the excitation
helicities of the two pump lasers were the same. As shown
in Fig. 1(b), the total spin distribution shown in Fig. 1(a) is
deconvolved into two signals corresponding to two
different ESWs, each described by the product of Gaussian
and sinusoid of position x. At x = 0, the spin polarizations
generated by the two ESWSs are both down. Thus, the
enhancement of the spin polarization was observed as a
larger Kerr signal at x = 0 than the signal expected for the
single ESW. On the other hand, Figure 1(c) shows the anti-
phase interference of two ESWSs: the excitation positions
of two pump lasers were separated by one ESW
wavelength as in Fig. 1(d), but the excitation helicities
were opposite to each other. In this case, the direction of
spin polarization at x = 0 is different depending on the
source ESWs. Namely, the spin polarization originating
from the left ESW was down at x = 0 while that from the
right ESW was up at x = 0 as shown Fig. 1(d), where
deconvolved ESW signals are shown. As a result, the
destructive interference was observed as a smaller Kerr
signal at x = 0 than the signal expected for the single ESW.
These experimental results confirm that the interference of
ESW as a wave like property is observed, and thus, that the
ESW-based information processing can be realized.

This research was supported by JSPS KAKENHI Grant
No. 21H04647, JST FOREST and CREST programs
(Grant Nos. JPMJFR203C and JPMJCR22C2), and the
Iketani Science and Technology Foundation, the Asahi

Glass Foundation, and RIEC, Tohoku University.
[1] M. Kohda et al., Appl. Phys. Lett. 123, 190502 (2023).
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FIG. 1. (a) The in-phase interference of two ESWs.

The markers and solid curve indicate the
experimental data and fitting, respectively. (b)
Deconvolution of two ESWs in (a). The red (black)
curve is fit for the Kerr signal of the right (left)
ESW. (c) The anti-phase interference of two ESWs.
The markers and solid curve indicate the
experimental data and fitting, respectively. (d)
Deconvolution of two ESWs in (c). The red (black)
curve is fit for the Kerr signal of the right (left)
ESW. Unlike case (b), the Kerr signals at the
excitation positions indicated by the vertical broken
lines are opposite for left and right ESWs each other
since these were excited by the opposite helicity.
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Spin-orbit-torque magnetization switching in a ferromagnetic SrRuQOs single layer
with a spontaneous oxygen atomic displacement
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Perovskite oxide SrRuOs (SRO), which is also known as a ferromagnetic Weyl semimetal [1-3], is
promising for realizing efficient spin-orbitronics devices. In SRO, large Berry curvature arises due to oxygen
octahedral rotation. Such a mechanism to enhance Berry curvature is promising for inducing strong spin-
orbit torques (SOTs) that make the manipulation of magnetization efficient [4]. Among applications of SOTs,
magnetization switching in a single-layer ferromagnet has been studied recently. However, breaking spatial
inversion symmetry, for example, by intentionally introducing a composition gradient, is needed to obtain
non-zero net SOT [5, 6]. This makes the crystal growth process difficult while maintaining film quality. Here,
we studied an SOT-induced magnetization switching in an epitaxial ferromagnetic SRO single layer.

We grew an SRO layer on a SrTiOs; (STO) (001) substrate using our machine-learning-assisted
molecular beam epitaxy system [7]. An important finding is that 7.5 — 10 % of the magnetization in the 26
nm-thick SRO film is stably switched by the in-plane-current injection (Fig. 1). The switching current density
of 3.1 ~ 5.3 MA cm? is one order of magnitude smaller than conventional SOT systems consisting of a
ferromagnet/heavy metal bilayer, indicating the existence of the large SOT. To clarify the reason for the
obtained SOT in our SRO single layer, where spatial inversion symmetry seemingly is maintained, we closely
analyzed the crystal structure using annular bright-field scanning transmission electron microscopy (ABF-
STEM). We found that oxygen octahedral rotation (~5°) occurs especially near the interface between SRO
and STO (Fig. 2). Considering also the results of our theoretical calculations based on the tight-binding model
[8], the observed partial single-layer magnetization switching can be attributed to the octahedral rotation and
the associated large intrinsic spin Hall effect near the interface. These results imply that only a tiny
spontaneous displacement of atoms in perovskite oxides plays a pivotal role in spin-orbitronics device
applications.

This work was partly supported by Grants-in-Aid for Scientific Research, JST CREST, JST ERATO,
and Spintronics Research Network of Japan (Spin-RNJ).
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Spin injection through a ferromagnetic Fe/Mg/SiN/n-Si tunnel junction
with ohmic-like current-voltage characteristics for non-degenerated n-Si
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Spin injection into Si using a ferromagnetic metal(FM)/insulator(I)/n*-Si tunnel junction has been
actively studied in recent decades to realize Si-based spin transport devices utilizing spin-polarized electrons
[1-4]. It is well known that the spin polarization decreases through stronger spin relaxation in Si as the doner
doping concentration Np is increased [5]. However, in almost all the studies on spin injection so far, a n*-Si
region at the I/Si interface or a n*-Si substrate has been used to obtain sufficiently large currents for clear
spin signals. This is because n*-Si can supply a large number of electrons in the forward bias regime as well
as it can exclude a thick depletion region in the reverse bias regime even when the work function of the FM
layer is located in the Si band gap. Thus, it is fundamentally hard to achieve the junction characteristics
required for high-performance spin transport devices, i.e., a high-current capability and a high spin
polarization in both forward and reverse bias regimes, as long as FM/I/n*-Si junctions are used. Here, we
study a novel approach using a Fe/Mg/SiN/n-Si tunnel junction with a low donor concentration Np. This
junction structure can realize both the Fermi-level depinning effect of SiN and the low work function of Mg
[6], leading to good electron charge and spin transport characteristics at the same time. This perspective is
based on our previous demonstration of spin injection using Fe/Mg/SiO.N,/n*-Si tunnel junctions [3].

We prepared a non-degenerate n-Si substrate with a low phosphorus doping concentration of Np =
4.3 x 10' cm™. After the thermal cleaning of the Si surface, an amorphous SiN layer was formed by direct
nitridation process using N> RF plasma [3]. Subsequently, Mg (fmg= 0 — 2 nm), Fe (6 nm), and contact metal
layers were successively deposited in the same vacuum system. Then, a three-terminal (3T) device
schematically shown in Fig. 1(a) was fabricated by photolithography, Ar ion milling, and the deposition of a
top Al layer. Figure 1(b) shows room-temperature current—voltage (Ig—Vj) characteristics of 3T devices with
various Mg thicknesses (tvg = 0, 0.5, and 2 nm). The devices with fy; = 0 nm (black curves) exhibit the
rectification characteristics, whereas the devices with fve = 0.5 (green curves) and 1.0 nm (red curves) exhibit
ohmic-like characteristics. These results indicate the difference in the work function between Fe and Mg, i.e.,
ohmic-like characteristics are realized through Fermi-level depinning and Mg. Figure 1(c) shows room-
temperature 3T Hanle signals [3] (red solid curves) with various Ig (= =5 — +5 mA), where tmg = 2 nm. The
spin lifetime zs was estimated from the fittings (black curves) and compared with zg estimated by electron
spin resonance (ESR). The spin injection into the n-Si is strongly supported by the fact that 75 ~ 3.2 ns is
comparable to an ESR-estimated ts value for a bulk Si material with a similar Np value [5]. Unlike our
previous study [3], the 3T Hanle signals were clearly observed in both /g > 0 (the spin injection bias (the
reverse bias) regime) and /g < 0 (the spin extraction bias (forward bias) regime), which likely originates from
the ohmic-like /g—V; characteristics of the device.
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Figure 1 (a) Schematic device structure and 3T Hanle measurement setups. (b) Current—voltage (/z—Vy)
characteristics of the device with the Mg thickness fv, = 0, 0.5, and 2 nm. (c) 3T Hanle signals (red curves) for
tme = 2 nm with bias currents /s = =5 — +5 mA and the fitting result for each signal (a black dashed curve).
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Spin-valve effect with two easy-magnetization axes in a spin-MOSFET
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Exploring efficient spin-dependent transport is key to realizing next-generation ultra-low-power
information processing devices. In particular, a spin MOSFET is expected to be a new nonvolatile device
that can significantly reduce the power consumption in logic circuitry. In our previous study, we obtained an
extremely high magnetoresistance (MR) ratio of up to 140% at 3 K in a spin MOSFET device based on
single-crystal perovskite oxide (Lao.¢7,S10.33)MnO3; (LSMO) [1]. This MR ratio is 10—100 times larger than
that reported for semiconductor-based spin-MOSFETs. In this device, we formed a nanometer-sized
semiconducting channel by irradiating this region of the LSMO film with Ar ions to introduce oxygen
vacancies [2]. By analyzing the /- characteristics and the back-gate modulation, we clarified that the
conduction occurs near the interface between Ar-irradiated LSMO and a SrTiO3z (STO) substrate. In this
presentation, we show the spin-dependent transport properties in a new device, in which a ferromagnetic
LaMnOs (LMO) layer is inserted between the LSMO layer and the STO substrate. LMO has an electronic
structure similar to Ar-irradiated LSMO, thus it is expected that the channel properties are more controllable.
An LMO layer has also demonstrated strengthened magnetism in LSMO especially near the interface [3].

We grew an LSMO (12 nm)/ LMO (6 nm) heterostructure on an STO (001) substrate using molecular
beam epitaxy (MBE) [Fig. 1(a)]. Our magnetization measurements showed that the Curie temperature of the
thin LMO layer in our device is 110 K. We prepared a spin MOSFET device using the same procedure as
described in Ref. [1] and measured the spin-dependent transport by varying an in-plane applied magnetic
field. Fig. 1(b) and (c) show a representative MR curve and the plot of MR curves relative to the applied
magnetic-field direction § measured from the [100] direction, respectively. We observed large MR ratios of
up to 10%. The color map shows anisotropic peaks of the MR ratio at = 60°, 105°, 240°, and 285° [red
circles in Fig. 1 (c¢)]. This feature may be explained by a combination of the easy magnetization axes of
LSMO and LMO, which are [110] and [010], respectively. Fitting Simmons’ equation [4] to the experimental
-V curve yields that the barrier height formed near the LSMO/LMO interface is 81 meV, the length of the
channel region is 4.4 nm, and its thickness is 1.2 nm. The obtained barrier height that is larger than that
obtained in Ref. [1] (55.5 meV) suggests that the barrier height is increased by inserting the LMO layer [5].

This work was partly supported by Grants-in-Aid for Scientific Research, CREST and ERATO of JST,
and the Spintronics Research Network of Japan (Spin-RNJ).
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Fig. 1 (a) LSMO/LMO celectrodes (red) separated by a tunnel barrier (yellow). The tunnel region is insulating LSMO/LMO
made by introducing oxygen vacancy into LSMO/LMO using Ar ion irradiation. (b) Magnetic-field dependence of the
resistance when the magnetic field was applied at § = 90°. A back-gate voltage of —50 V was applied. Green and purple
arrows show schematic directions of the magnetization in electrodes. (c) Colar map of the MR ratio of our device with
respect to the applied magnetic field direction 6. The angle 0 of the applied magnetic field is defined in Fig. 1 (a). The MR
ratios of up to 10% were observed.

[1] T. Endo et al., Adv. Mater. 35, 2300110 (2023).

[2] L. Cao et al., Phys. Stat. Solidi. Rapid Res. Lett. 15, 2100278 (2021).
[3] T. Matou et al., Appl. Phys. Lett. 110, 212406 (2017).

[4]J. G. Simmons, J. Appl. Phys. 34, 1793 (1963).

[5S]P. Jhaetal.,J. Appl. Phys. 112, 063714 (2012).
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Long-lived valley-polarization in suspended WSe2 monolayers
strained by electrostatic pressure
NTT Pt &/ |, AL AR 2 ©G. Mariani!, E#E EF ', L Smet!, EHF KER!, £E4K 8!,
AR F2 A W2 FA FEL2 KA AH!
NTT-BRL!, Tohoku Univ.2, ° G. Mariani', Y. Kunihashil, L. Smet!, T. Wakamura!, S. Sasakil,
J. Ishihara?, M. Kohda?, J. Nitta2and H. Sanada’
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Transition-metal dichalcogenides (TMDs) monolayers have been emerging as a platform for hybridizing
spintronics, valleytronics, and optoelectronics because of their direct bandgap and spin-valley-dependent optical
transitions. However, the properties of TMD monolayers are sensitive to the interfacial inhomogeneities with
their supporting substrate. Impurities and strain puddles create potential traps for charges which can affect the
valley polarization. Previous studies evidenced that suspended monolayers have improved carrier mobility and
are less sensitive to the dielectric screening of the substrate [1]. The dynamics of the valley polarization of
suspended monolayers have been mainly studied by photoluminescence (PL) spectroscopy, which limits the
analysis to short-lived bright excitons and radiatively recombined carriers. Here, we report the long lifetime of
the valley polarization in a suspended WSe, monolayer by a pump-probe Kerr rotation (KR) spectroscopy,
measured at a temperature of 7 K. Suspended monolayers avoid the screening of photo-excited charged defects,
that in the supported or encapsulated monolayers causes a distortion of the voltage-dependent lifetime of the
valley polarization. Compared to PL analysis, the KR signal is sensitive to both the radiative and non-radiative
recombinations and thus can measure the valley polarization of long-lived complexes such as trions or resident
carriers.

Large-area undoped WSe, monolayers were prepared by an Au-assisted exfoliation and directly transferred
over a hole etched in a Silicon substrate (Fig. 1a). The vertical gap between the Ti-Au top electrode and the
doped Si, which serves as a back gate, allows the suspension of the monolayer (Fig. 1b, inset). The back-gate
voltage allows a simultaneous control of strain and doping of the monolayer, which is not in direct contact with
any material [2]. The maximum deflection at the center of the hole as a function of the voltage is extracted from
reflectance spectra (Fig. 1b). The dynamics of the neutral or charged complexes were measured by a two-color
time-resolved KR spectroscopy, which uses a circularly-polarized pump pulse (1.734 eV) from a Ti:Sapphire
laser to initialize the valley polarization. Linearly polarized probe pulses (1.655 eV, near trion resonance) from
another synchronized laser were focused on the pump beam spot and the KR angle of the reflected probe beam
was measured to investigate the transient dynamics of the

(b) 200

valley polarization after the excitation. The delay (@) 10 um 7 e
between pump and probe pulses was scanned and the KR £ 150
signal was measured at different gate voltages (Fig. 1c). <
The maximum measured delay of ~12 ns is set by the H § 1001
repetition rate of the laser. The negative and positive Au\‘\\ % 50
voltages induce a p- or n-doping of the monolayer, S Wse, | O
respectively. Different KR offsets and lifetimes, which ' T o e e T
are Vy-dependent, inferred the existence of a long-lived (C) Gate voltage (V)
valley polarization possibly associated with different 3 ZM i
trion complexes [3]. < 2 2
We demonstrated the long lifetime of the valley & o { 01
polarization in suspended WSe, monolayers, revealing § | K Ww
dynamics more complex than that detected by only PL E, 6 s '60\/ 6 et +60 V

analysis. Monolayers suspended over long trenches with 0 ; 234 Sb‘“' ;8| s101112 0 Fl) 234 5b6 7ds| 9101112
lateral confinement may exhibit enhanced diffusion of ump-probe delay (ns) ump-probe delay ns)
valley-polarized resident carriers, which can be detected Fig.1: (a) Optical microscope image of a WSe,

by our technique. monolayer suspended over holes in a Si substrate. The

monolayer over the right hole was opened to create an
References air vent. (b) Deflection measured at the center of the
[1] T. Jin, et al., J. Appl. Phys. 114, 164509 (2013). device (red point in (a)), as a function of the gate
[2] P. Hernandez Lopez, et al., Nat. Commun. 13(1),  voltage V,. The inset shows the schematic of the device.
7691 (2022). (¢c) Time-resolved Kerr rotation near the trion

[3] M. Ersfeld, et al., Nano Lett. 20(5), 3147-3154 (2020).  resonance, measured at gate voltages of -60 and +60 V.
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Electrical spin injection into GaAs
from perpendicularly magnetized Mn/Co bilayers

Grad. School of Information Science and Technology, Hokkaido University.
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E-mail: naral8140148@eis.hokudai.ac.jp

Spin injection from perpendicularly magnetized ferromagnetic materials into semiconductors is an
important technique for the realization of semiconductor spintronics devices, such as spin transistors and
surface emitting spin lasers. Recently clear perpendicular magnetic anisotropy (PMA) was reported in
Co-based ferromagnetic thin films induced by antiferromagnetic 3-Mn [1]. In this study we report on the
electrical spin injection into GaAs from perpendicularly magnetized Mn/Co bilayers using a nonlocal
detection method.

A layer structure consisting of (from the surface side) Ru cap (2 nm)/Mn (1.7 nm)/Co (1 nm)/ n*-GaAs
(Si =7 x10%¥cm3, 30 nm)/n--GaAs (Si = 5 x 10 cm3, 2000 nm)/undoped GaAs (250 nm) was grown on
a GaAs(001) single-crystalline substrate. A Hall bar and non-local four terminal devices were fabricated by
using electron beam lithography and Ar ion milling. The magnetic properties of Mn/Co bilayer were
evaluated by anomalous Hall effect, and spin injection properties were measured by four-terminal non-local
geometry.

Fig. 1 shows a transverse resistance Ryx of the Hall bar measured at 77 K as a function of out-of-plane
magnetic field, uoH;, where uq is the permeability of the vacuum. The Mn/Co bilayer has a clear PMA with
its coercive field of approximately 0.41 T. Fig. 2(a) shows a non-local resistance, Rni, at 77K as a function
of uoH;. Since almost quadratic response to H, is dominant in Ryx due to the magnetoresistance of GaAs,
quadratic signal proportional to H;? was subtracted from Rn.. As a result, clear spin-valve signals were
observed at |uoH,| ~ 0.41 T as shown in Figs. 2(b) and (c). These results suggest the injection, transport
and detection of perpendicular spins in a Mn/Co/GaAs lateral junction.

This work was supported in part by JSPS KAKENHI (22K18961), MEXT X-NICS (JPJ011438), MEXT
ARIM (JPMXP1224HK0020), JST CREST (JPMJCR22C2), and JST SPRING (JPMJSP2119).

[1] R.K. Han et al., Phys. Rev. Applied. 19, 024033 (2023).
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Fig. 1 Ryx as a function of uoH,

Fig. 2(a) RnL as a function of uoH;, (b), (c) spin valve
signal in Ry observed at |uoH,| ~ 0.41T.
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Magnetic interaction of co-intercalated magnetic atoms
in transition metal dichalcogenide layers II
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B = 7 F LR EAREEE O T (Fe,Mi,)033TiS2 (M = Co or Mn, 0 <y < D)HfE A2 AR L
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Fig.1 y-dependence of Curie constant C for Fig.2 Temperature dependence of Hall
(FeyMi4)033TiS;(M=CoandMn, 0 <y < 1). coefficient for (Fe,Co1-,)033TiS2 (0 <y < 1).

[1] H. Negishi et al., J. Magn. Magn. Mater., 67,179 (1987). [2] H. Negishi et al., J. Magn. Magn. Mater., 60, 259 (1986).
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Nonlinear planar Hall effect in topological crystalline insulator PbixSnyTe
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[1] Y. Tanaka et al., Phys. 2
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Lett. 123, 016801 (2019) ¢(deg) ¢(deg)

. (0) . . ig. i i xxw x
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Rev Lett. 126, 236801 ‘oltageinSnTe.
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Observation of bulk and multiple surface states in a thick topological Dirac semimetal
o-Sn film by quantum transport
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Topological materials have recently attracted much attention for spintronics applications due to the spin-
momentum-locking nature of their topological surface state. a-Sn under in-plane compressive strain is an
elemental topological Dirac semimetal (TDS), which is a parent phase that can be transformed to many other
topological phases [1]. The Fermi surface of TDS a-Sn has a multiple-band structure, which was revealed
recently to include a linear-dispersion bulk state, a topological surface state (TSS) and a Rashba-like surface
state (RSS) with spin-polarization originated from a large Rashba effect on the a-Sn surface [2]. Due to these
multiple spin-polarized surface states, TDS a-Sn has potential for spintronics applications. While the linear-
dispersion bulk state and TSS of TDS a-Sn have been observed in quantum transport measurements [1], the
RSS has never been observed.

We grew a 40 nm-thick a-Sn film on an InSb (001) substrate by molecular beam epitaxy. Through
magnetotransport measurements, clear Shubnikov-de Haas (SdH) oscillations are observed (Fig.1). Fourier-
transformed spectra of the SdH oscillations exhibit four oscillation components (Fig.2). The observed SdH
oscillations are fitted with Lifshitz-Kosevich formula and band parameters such as the relaxation time and
mobility are obtained. By comparing the present results with our previous study [1], one of the observed SdH
oscillations can be attributed to the RSS of 0-Sn, in addition to those corresponding to the InSb, the bulk
linear heavy hole (HH) and the TSS of a-Sn. The obtained transport properties of the RSS, relaxation time
(215 £s) and mobility (9400 cm?/Vs), are useful for spintronics application using the a-Sn surface states.

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

[1] L. D. Anh, et. al., Adv. Mater. 33, 2104645 (2021). [2] K. H. M. Chen, et. al., PRB 105, 075109 (2022).
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Fig.1 Conductance oscillation part 4G, of SdH in Fig.1. Four oscillation peaks are observed,
oscillation at various temperatures (2 — 30 K). derived from InSb and three o-Sn bands.
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In-situ observation of particles deposition process on filter wires during High Gradient
Magnetic Separation
NIMS!, BX? OEH Bz #& k&2 TH T’
NIMS !, Nihon Univ. 2, °Noriyuki Hirota!, Towa Ito?, Tsutomu Ando?

E-mail: hirota.noriyuki @nims.go.jp

AR EE T, BT A Y —TRENTZ 7 4 L Z —F W, S DRSS EZHINT 5 2
ETRME SNV A Y — B ISR S 5 ale e kG AR 2 FIH L itk o Lk 1% %
DOREHEIZIS CTHBET 2 FIETh D, FHIIMEINICEY 74 v Z—U A v— LICHESNLLSD
T, A XGBEL TR0, 74N EZ—OHBEZRA A XL BEEICRES LD &N
KH=, HEEED LIZ L, [EHODRWEH RSN EBR T 5130, BIGEAI0 £25 & HifE
BN T 4 NE—ENGRETHDT, 74 V2 —OFFHANRAEETI A FOEBIZH D723 |
Fo, BEICLELY., LirL, 200 0 R BT DR FHERBEREN L < EEI N TV e
W, BELL BRI E S o TR K 2 0B TON TV D Z & 13% W, R HER R FE O B
EDRE D | SO L HRAVT, S AR THED & 572 5 RIZOR 35 E WSS,
= 2 CARMRE CIXEARBR BT 5 7 4 V2 —T A ¥ — E~ORi - HERGRTE O D2
BEZOH I LT, TOMMBERDLZ EEHIE LT,

EEBRTIX, 74N F—UAY—OREDBH LT WED, CCOD AT ET 4V E—T A ¥ —
M OEEDCHRDIEITRENE T DTHME TE A7 HR LT-, EBRIZiZ~ 7 2 A7 o #l
OB 1.0mm, 35 A v =2D7 4 NVH—%HW, E¥RIZESum D7 = T A MR %7K KF
OB EE b OEREE Uiz, BRERAFICHRE LB HIC 7 4 V7 —ZE L, Kian
ADBRNWE DI EZ AR K TR LTeDb, PFriEDWGEHML, Fa—7 RO ALV iiE
EE LB E T Lo, ZORE, 7 4 L ¥ — B L i o BN ERE L7z CCD I A
FIZ L VRS BN L=, I T o VX2 — BRI BB LR FHERERE O — B 2 R

* i T T A NH IR D LRI OB T, SN
FIINEEIGC & 0B 03B b S 4, R OF A
ERIZ L > TF = — 2 ROBEEP R IND Z
LI T, R B HI NS 38 | A7
L CRLFZENEVDR A DTz, ZHLD OFEH
WZOWTIEY HEET 5,

X EARKSEE BT 7 4 E— T
Y — b~k HER R R D Z D5 E 5
i 1

© 20244 [EAMBESER 09-058 10.5



19a-C301-2 ERSESAMBLAUSLMHEES HEFBE (2024 KB AVEIEN22IB&FVS1Y)

FeET7EI T 7 AEEITHT HHEPERRFHOINR
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— 7 REGE b e — 7R TH)IIE (kLo Tz, of as-Q and annealed amorphous alloys.
A ARG T =53 HDFEFAZOWN TS H 51 5.

[1]7 A. Makino, T. Kubota, K. Yubuta, A. Inoue, A. Urata, H. Matsumoto, S. Yoshida, J. Appl. Phys. 109 (2011) 07A302.

[2] R. Onodera, S. Kimura, K. Watanabe, Y. Yokoyama, A. Makino, K. Koyama, J. Alloys Comp., 637 (2015) 213-218.
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Change of Enhancement/Suppression Effects on Solid-phase
Reaction on Mn-Sb under High Magnetic Field
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°Kosuke Saito?, Ryota Kobayashi?, Yoshifuru Mitsui', Rie Y. Umetsu?, Kohki Takahashi?,
Keiichi Koyamat

E-mail: k9576360@kadai.jp

Phase transformation and reactions to ferromagnetic phases are enhanced by magnetic fields, which
was explained by gain of Zeeman energy [1]. Reactive sintering of ferromagnetic MnBi from
nonferromagnetic Mn and Bi powders was enhanced by the magnetic field [1]. It is pointed out for
crystallization of Fe-based amorphous, a high magnetic field has an enhancing effect on the nucleation
[2,3], while has a suppressing effect on the grain coarsening [2]. It is difficult to evaluate the kinetics of
solid-phase reactions in Bi-Mn system due to the low melting point of Bi. To evaluate the kinetics of
solid-phase reactions, it is necessary to conduct experiments with raw materials that have higher melting
points than Bi. We focused on Mn-Sb alloys which is similar system to Bi-Mn. So far, we found that 5 T
magnetic field reduced both preexponential factor f and activation energy Q, resulting the enhancement of
reaction [4]. In this study, we found the complex enhancement/suppression effect on the in-field reaction of

MnSb alloys for poH <15 T.

1.0 T

Figure 1 shows the reacted fraction of MnyiSb in the 00 _éau)rziz:pg:;}) :;[?mm
function of magnetic field intensity at 673 K (paramagnetic 0%}:59“
region) and 523 K (ferromagnetic region). It is found that the & o7} e e ——— ¢
reacted fraction tends to reduce with applying magnetic field at g 0,6‘;/.\0—0
673 K. In 523 K, reaction was enhanced by applying 5 T, % 0.5 (b)523K(T;<TC) e aah
whereas the reaction was suppressed at 10 and 15 T. This E 04 1 ¢ 12hy
behavior is due to the competition of the change of f and Q of the & osf
rate constant. It is found that magnetic state and magnetic field 02 ¢
intensity contribute to the enhancement/suppression effect on the 0'1: — 3
reaction. In the presentation, we will show f and Q and discuss in o 5 10 18

Magnetic field (T)
the viewpoint of the relationship between magnetic field and Fig. 1. Relationship between reacted

fraction and magnetic field intensity at

proceeding of the reactive sintering. 673 K (a) and 523 K (b)

[1] Y. Mitsui, et al., J. Alloys. Compd. 615 (2014) 131-134.

[2] H. Fujii, et al., J. Mater. Sci. 43 (2008) 3837-3847.

[3] R. Onodera, et al., Mater. Trans. 54, (2013) 1232-1235.

[4] K. Saito, et al., Abstract of Joint Conf. of Kyushu Branches of JIMM, IS1J, and JILM (2024).
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Insitu X #REYHRIEIC & 2 EHREERS kK S HEEFSE T TO 2 #
P45 d DyBa:CusOg & O DyosYosBaCusOs DRERE J7 1t
Magnetic anisotropy of biaxial crystalline DyBa>Cu4Os and DyosYo0s5Ba2CusOs under
modulated and uniform rotating magnetic fields by in situ X-ray diffraction

measurements

REEMBERIOKRNEF, ANAvS Eav—1) NRE—HF, BIHEAE, EHE
Kyoto Univ. Adv. Sci. ,°"Fumiko Kimura, Pamoda Piyumali Kahagalla, Shintaro Adachi,
Shigeru Horii
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1. [ZCBIZ

REBa,Cuz0y (RE123, RE: A7 1 JHIL 7, y= 6~7)1F, MRIRERIEIELL Lo @O ERSFRE(T) &5 To W ER
NEREEQ)ERBTDEIWETHS. LaL, FERMRIIERESO 2 Ml mlEALETH D, 2D 2 il
FRBEANS, Fox TR RE LML O IC SR REZ AW TWD. LasL, REL23 [X/ERGETE T twin 5
EIERT 5. O twin fEEEE AT 57-012F, £7°, twinfEREA Lae0niERzi~S, iy o4
EABHD. AL, RE123(HEITiM)DEZME T 5 REBa,CuOs (RE124, E 7)) Z M L7=. RE124 13,
twin #3E 2 A7 720720 T < RS S FNIC R EIRE OB FEE LR WEE LIZWE TH 5.

BEZ, Bx 3G HI T v 2D % Dy123 K OWRFET =—/V L1z Dyl23 ZHAWT, BLREFTHE (-
1) (-ya) &2 K&, BEKELVELRD OB OTERERm U, 22T, yu>ye>ys PN THEAE ORI bR
EEFLIZ. TOREE, O7=—V 7iEE 650C, 01%BEFHXT, @7 =—V > 7iLE 550C,
0.1%IEFRIAK T, @7 =—V > ViR 300°C, 100%M43E 7P T ONE THRALRE A BD Lz, £
72, Dy247(Y,BasCu;0y(14 <y<15))DREALIRE ST ML OYE b ikA Tz, 4 [El, Dyl24 KT DyosYosl24 D
EREFVER A2 RO DB ATV, BICFR PSS T TOEBLRFT L0 THRET 5.

2. EBRFE

Dy124 K U\ DyosYos124 3REHERL Dyl124 X U} DyosYos124 1%, RE(RE;03):Ba(BaCO3):Cu(CuQ)=1:2:4 DE /L
ECIRA L 880°C T 12 WM, 900°C T 12 HEMI{BE L, RE123+CuO # Ak L, (RE123+Cu0):KOH=5:6 D&
BHLTIRG L, 7T00CT2H# 7 7 v 7 AETHMBER L-. (RS2, 3k E L.

B OFE A5 Dy124 KUY DyosYosl24 % fhHEE FHRIE FAAE HEHKR 8

JS160000 (AAZ U — 2 (REL, 5 140 Pa-s) Z AR L L TR 10 mass% 7 | @:DyY124_0

(2725 & D IR 2 T LT 6 e
RESFEION 25 FRIIRRES FN I FRes FORtble 00 AHCEM LI £, g ppay

[l 2 e 0 3% U C ARG & 54 S ERIINL 72, AR# ()i E 30rpm IZ[E - £

EL, #if(w)id 37.51pm 705 67.5mpm E CE(LSHTe. SHlERRYS 2

1%, 0.09 775 180 rpm £ TAAL & H2. BIHMREIX1T Thoi-. =

in situ X SRETRIE  Dyl24 J2 O DyosYos124 i i BRI |2 45 F I SRLIEE R B
i B OV R [BlR A5 2 FIIN L o2 X MREIPTHIE 21T - 7=, BRIFIX !

MoKa CH o 7=. 012 La 99
3. %%&":%g A Ami/mg ‘

Figure 13, Dy124 K08 DyosYos124 Oy 72 s ERRTORE D E & A A Figure Half width of diffraction spots
7R LIEb D& o /o \R LT 1y b L2, Dyl124 O il i3 for {200} and {0014} planes of Dy124
16° 705 18" TELL, 72, DyosYosl2d DOMIZONTH 27 it 404 by vou124 correspond to the
TEBBHNS W2, IEMEZRBAEREITVEL (2 xs) (xa-xs) &2 KD 5 fluctuations of the reciprocal lattice
ZEMNTE RixoT=. L L, Dyg_5Y0_5124 D] l//ﬁ 1% Dy124 DFENLD vectors on y2x3 (psi) and y1x3 (thita),
REL o TWDHZ DD, BEHAREBRE L EIRET D E, (r2-x3) respectively.

DACEZZY O LD /WS o TWD Z En3nnd. BERT

1%, SEEEEESIC OV T hEmT 5.
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Magnetic Alignment of Zeolite-Containing Polymer Composite Membranes and their
Gas Permeation Properties
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Iz

+/\733X\ﬁ§1%§#\‘ MEE m SR EE A T DR M CO, /oy BRI X HIERIR (L HNH] TRDBHILD CO, H
WOX—<T VTN THY, TORBIIMBEORECTHD. —RITKM B 1 D% R I & SRR IR
PEIX Trade-Off OBMRHY, &0y FHMECENEF T+ 528 iﬁb&l%ﬁf&;é&%z%hﬂ% [1]%
DO KURTEPUED @IS FLA BLE O Ak S 472 Mixed Matrix Membrane(MMM)IZ- DU COAFFEA
BEANZBIIDIVTWD. RIEATAMIRESND L AM BHIFE S F 0 BT HEEB THH0OH %L, #E
BPICAFAE T D LA ORI 2 A2 & T, KR EIBIZIBIT HRINMEO [ Lol e om LR T&5.
BIEATZAbDO—FETHDH ZSM-5 [ZIEAL, MMM %M%WTVE%L ZORL A &SRR TR ROV TR
MLI=OTHET .
2. Kbk

PAITAMNIEYY—DEREALTANTHD (a) (b)

HSZ-800 SV —X%& M\, TATA =L NITIEET
DRAFF o m@lAA L RANNV AT NI E LT
OB AW, < N7 A& 5 TR A & iR T D BRI
% PVA %, [ ZEmHE T 258 13R)=—7 17
7 7INILEASRTHS PebaxOMH1654 % 7=,
MMM (FIABEN v ANETIERR L 72, S5O
KRB ERE T R IRIC I FE L.

1131 A A AETD ZSM-5 & Co A 41T
WL 72 ZSM-5 %5 4H L7 MMM @ WAXD /3
H—2ThbH.CoAF NI HLIZZ LITXY
WAL ghAs a s c e b Li=zZ L3

2D-WAXD

Figure 1. patterns of

© 2024%F [SRYEES

m5b.
#£11FE57 MMM ®© N, & CO, DR
WEHAEFE L DD THD. MHL1654 HijMfE

PVA/ZSM-5@H* (a) and PVA/ZSM-5@Co?* (b)
prepared in a magnetic field of 10T.

LI 5 e ZSM-5 AR5, Not, COnt Table 1. Summary of permeability of _MMM.
FBREUTIE L 7=, A AR LA % Permeability
AL O B B L H %22 ORI Sample [Barrer
INEWI o T2 ZHUTZEALN DB A B A A 3 N2 CO;
SARBBAILEL TWBZENFRE LS. MH1654 11 53
—J7, REBAI 425 E RUABIBRIITAE< 2 MHL654/ZSM-5@H" 0T 2r 120
b, Fah BB BRI 9577,  MH1654/ZSM-5@H" 10T 2.0 98
AR I A L BE AL OO E GG MH1654/ZSM-5@Cu* 0T 12 83
BEmLiz. it ek R ZSM-5 biEfs4  MH1654/ZSM-5@Cu” 10T 5.0 92
JBA % E AL ZSM-5 TR BER 3 7% MHLE54/ZSM-5@Co*" 0T - 1.1 62
T ThD. 7 AR ¢ BSBALREE#TH% _MHI654/ZSM-5@Co*" 10T 1.6 69

DITHL, BHAAERRIT ¢ B SBEALAS) il
THD. A PR LTI I I T I %

FIIL CWADT, 7 abe BT FLO720 c Bl N T ANCAFAET 5. — )7, BB A RAA AT
CHEENAFET D20, KRG T OB KRELF S LIzb LB 265,

U ¢ Bl

ZE BTN
[1] L. M. Robeson, J. Memb. Sci., 320, 390 (2008).

[2] M. A. Aroon, A. F. Ismail, T. Matsuura, M. M. Montazer-Rahmati, Sep. Purif. Technol., 75, 229 (2010).
[3] M. Hussain, A. Konig, Chem. Eng. Technol., 35, 561 (2012).
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BFEEHHEZBERAL-ELO—XERERYT1=y O
ERTHIBERMNR SaL—Y 3y
NMR spectral simulations for magnetically oriented microcrystal suspension
of a domain in cellulose synthase
HFMRT A% BN
Forestry and Forest Research Products Institute, Ryosuke Kusumi

E-mail: rkusumi@ffpri.affrc.go.jp

T O SCREEORL 1A R RRAG A FIUINT 5 L. SIRGEICE M S S 2 EMTE DS N,

Z O ZR RSB A bE B RERAEE (NMR) 20 GBS A3 UX, (B 7 b (CS) 7 Vb,
TR LR Y OB FEREON $ % SR EICEE TE 5 2, 2, NMR BiA N TREIOZ
B2 A BE 72 R NMR 7'v— 7 V&340, = RoCHS B M L 7= 008 & o s iR
(Magnetically Oriented Microcrystal Suspension, MOMS) @ insitu [&{& NMR % i# U C, {RIE+FIZH
LRSS CS T U YNV EEBEIRET S Z L HAHETH D Y, 2D MOMS-NMR Tl “Bikdh
D HifE g NMR” Z i U CRHG DT LSS A IR R CIFREICHIN T & 5720, T an
LIEESAEBRE T ICH D X NI E - AW E~DICHNEIRF S D, FlZIE, A A
v ADREFHTH DL —ADAREEHRIT, AERNICBWTEEO V2= s bR 585
& (CSC) & L TR cHDIAEN TR Y . T ORMIGopEA T /L 10— A FHE DO PR RS 72 21X
REAPAB R EETHD, Z 212 MOMS-NMR Z i 34U, RARDKERERE DRI S22 23 5
HERMADSGOND RN H D, & 2 TRIFSETIE, CSC D MOMS-NMR EBRIZHELH, &
TALFE A (B EILEIEIE, DFT) Z8MH L C =Wockshidm L= CSC 7= h® NMR A~
I RVDYI 2 b— g TR o,

Fig. 1 12.CSC 7' = b (AxCesA) (28} 5 /b1 — 2B RIEEL PIIZ KA A D Arg643
P KO Lys573 #8351220V T, MOMS-NMR (2 L 2 EHZ28E L THE Lz By 7 b o
RE 7 — 2 Ol & 7T, CS T o VIILOFHEITIZEMAKEI IS ERE X —DA—R—a o
—# 2T Gaussian 16 ZfE [ L, #ET T VIEFE KA A o OfEsEE (PDB : 4186, P212121) V&
L7, ILEE%Es X ORISR 72 & D1 B3LYP/6-311G++(2d, p) & L7=, AxCesA-PilZ RN A A
WXL AZ B U CEBRIR /7T =1 —U Vg (c-di-GMP) Z3Eik L. Bl o—2EmNEE SR
LHEHMEINTND Y, valb—rarOfiR, mEEOREER/ \Z — T RE B, o

MOMS u—7 2B 5L R
[ i i D AR A8 B (2R & <K iii%égizi

FIT5Z Enpghnoiz, CS T

VY NVIIEE Y OFETFRED
ALz GBI RS D72 c-
di-GMP OIERATRICE T DR
By = DB E BT D
D LT A r— R AR

bR 2 SRS TRt T & 5 Fig.1 Single-crystal rotation patterns for carboxyl carbons of Arg643

AIREME TR X huT, and Lys573 residues in AxCesA-PilZ. Rotation angle a means the
orientation direction of PilZ domain around the modulated rotation axis
of MOMS probe?.

B ECHR

1), T. Kimura et al., Langmuir 22, 3464 (2006); 2), R. Kusumi et al., J. Magn. Reson. 223, 68 (2012); 3), R.
Kusumi et al., J. Magn. Reson. 309, 106618 (2019); 4), R. Kusumi et al., ISMAR-APNMR 2021; 5), T.
Fujiwara et al., Biochem. Biophys. Res. Commun. 431, 802 (2013).
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Interparticle interaction in orientational motion of magnetic nanoparticles in liquid
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[Fai] T, MRAAS— = TR A A A=V T DX D 7, R Dt
F ki (MNPs) D& 2RI LI EFZ AN OAFSE « BAFE M T O TV D, BB 505 B
ORI, BEHE TIThhEHA/ZV, L L, MNP RBENREWEE, MM
HEBETHLENRDY, FEaX MRELRD, W0 T, M HEERZBET X RE
FHOSA BN T HMERH D, Fox L, BT T MNP 28UKIZAE L 26578 GMHEICEZ YD, MNP
HIROEM A AT I 7 ZA%BTEDL Z L 2 EFELZ[1], AR TIE, BREOEWIIRINEE
VY, 2Rk I B\ TRV EE R 0O MNP AR O BEREAER ST (MLB) ZHIE L, Bl
B R AFE 3R TR AR O8I 2 3 A 7,

[5282] BER[1 DO BEUERR MR E 25 O IR 2 IR 785 nm DU /Ro L — W — Tk 2, 30k
EUF TRV RLMIC 1/4 WERAREL, SZiREOMBMHELHIE, MLB & /b -7z,
AR DM oHo V% 3 mT LAF, JEPHEL £1% 0.3 Hz ~ 100 kHz O CHIEZ1T > 72, MLB @ 2f
%E%bﬁfzﬁa\Bzfm&fPEéﬁﬁa%n I AT T TREL, FNARRS (EEBy,) LIEAMS (f
fBY) (o, JAEEICH LT my b L7z (MLB BB A~Y FL), BErE LT, HLET
B LIz~~~ A NP2 RirERHWE, ANy 7

RO MNP 21X 81.2mg/mL TH Y, A 4L ZHKT 04— ——
AR L CHE A G L7 T os]
s S5 RS 22k, Ahy 5 || S
UVRERELE LTHOVEZHA TS, BEMIECH S o mamt
Y TRREE DN A BT X 72, MLB AR A< } o1

b L OB AENE & Fig] (ot WD falE < 0.0 i

I, BRI AT b VAR LT, LAL, 10 mg/mL
LETE—=27 RPN L L, RABEIRIZIRS ~ 7,

” I o Fig. 1 The evolution of MLB frequency
ZAVIERL - AR ALVE A5 (2] & A2 Tihiids O IRIE 2SR spectra on MNP concentration. For better
e S - . overview, only imaginary parts were shown.
HELRDBETH Y, BB FAHE/ERIZ LD MNP JoHo = 0.67 mT,

OFELAEEIAHIR S D Z & BRE S Tz,
[1] M. Suwa, S. Kawahigashi, H. Emura, S. Tsukahara, J. Appl. Phys. 134, 233902 (2023)
[2] N. A. Usov, J. M. Barandiaran, J. Appl. Phys. 112, 053915 (2012)
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