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%5 FeCo-MgF2, 77 = = 7 —JlidD Fe é\ﬁ%@%ﬁ%g

EAEE, ABRRIER*, ZETLIR e, EARRC,  VeiRERs >
(V?X/774/7A4%,“%Mﬁ?)
Effect of Fe content on FeCo-MgF. granular films prepared by co-evaporation.
M. Miyamoto, T. Kubo, S. Sue, M. Sonehara, T. Sato
(*Citizen Finedevice Co.,Ltd., **Shinshu University)

OIS

SiC/GaN PR Z (X U & T 2R MA AT — k)3, EEECRE A > 7 7, ERABICHWOR, £
OHEIFRIE, 2030 1213 2021 4FHETLOFLLEE PRI TV D Y. @ (BE) 2HETET N1 A
BAFIZBNT, BRI I a2 b —a v b @REREE BRI CTEETHY 2, /MDD ERIBEIC
WEEZHGZRVWE U PRROLNATWD. IERRFTERTRODIZ, FHELIXT7 7 77 =R &R L
T —TERE Y OMEEED TS, AP ORGEFE LT, 46 [0 H AR F I EEES
T, &M Co-MgF, 7/ 7 =2 7 —BEEE LY. Zhic kv, KRBT DREN Kz m EUEREO
T UFIZBWT, AL EOBEREHAFREL 72~ 7-. K, Co T /R FIIRMbA/NE <, fafBEROIE T
TROLEAAREZ2ER (R FEFHASHIR SN AFER L ooz, AL T, BRI E &<, fafn
WRNKE 727 7 77 —F 1 E2FEHT L, WERD Co-MgF #E%IZ Fe ¥R L7- FeCo-MgF, 7/ 7 == 7 —
fEEERL L, Fe G ARDEELZFAE L.

(x109)

EBAE 18 ) 300
Fe & Co Z[fl— ™/ RIZ Fe & 0~50 at.% " #iH 16 . 1 =
TR LA L7z FeCo &4 &, ¥ MU v 7 AkFE S 14 ﬁ ® 2505

MgF, & 0T, HEEBEICE D HT AR EIE T 1, -t 1 w0z

FeCo-MgF, 77 == 7 —I& K L. 0, K £ 10 . "] e

B o> A 5 A FEHGREE 1S 450°C & L, FeCo & MgF, %0_8 o o 1%

» L — b % FeCo : MgF; = 1:4  (FeCo; 0.05 nm/s, £ 06 ° {10 E

MgF2; 0.2 nm/s) L L7z, Fe, ColbZAZH L7ikbto g 04 2

W 1550 nm Ic B A EBRL 77 FE—[igEA» T, 1% &
b MEREFEE FOM [ /(KA + m? - dB)]%: 9, R 00 B i, 1

D EIFIESR Hs 23K, Fe A BIC L DB E M~ 0 1 20 3 40 5 60

Fe content of FeCo particles in granular film (at.%)
F72, XPSIZ LY BB OREGIRAE %Féa L.
TR R Fig. 1 Fe content in FeCo-particles dependence of

figure of merit and saturation magnetic field.

Fig. 1 {2 FeCo 7/ ki Fe &4 % 0~50 at.% %
TELEE 256 OVERRIEE FOM & fafnid it He 27§ e 7' v — 7 i v~ #i %2 & 2 12355, FOM
VERE SRR HRREE ITHRY L, AR O R & SIIBESR NI Y 2. Fe ZIRINT 5 2 & TF /RO
K[E— AV MBHIK L, Fe OEA £ 20 at. %5 £ CIARBLR 2N IS BIN L7223, 25 at.% CIEfic/k T L
7o, ZZ TR L TR Fe OFH & 50 at.%DBACHIMR CIIMfE/s e A7 U U ARBE Iz, Zhix
Fe O A & 25at.%bl B¢, ZABEEZERBNOEEIEEOREIZL Y FeCo T/ i OF{LNBHF I/ -7 2 &
NEREHEE S NS, Fe DGA®R 15at%E T, FOM NEE A CIETT5 2 L, SaMmBURSHEA LT,

BE Xk

1) https://eetimes.itmedia.co.jp/ee/articles/2205/25/news041.html (As of June 14, 2023).
2) X.Yang, Z. Wang, Y. Ding, J. Li, M. Xu., IET Power Electron., 15, 728-737 (2022).
3) M. Miyamoto, T. Kubo, S. Sue, M. Sonehara, T. Sato., T. Magn. Soc. Jpn., 7, 22-28 (2023).
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T 7T =2 T =T MEOERL & R

ANRIREE | SRS, MEEE], EILIESE, RHE—
(RAEMEEN B BHIFFEAT)
Fabrication of bulky nanogranular materials and their electromagnetic properties
Nobukiyo Kobayashi, Tadayoshi lwasa, Kenji Ikeda, Masayuki Naoe, Ken-Ichi Arai
(DENJIKEN-Research Institute for Electromagnetic Material)

XC®HIZ

Fe. Co, BL UV FeCo A&7 EoEERE L. E(tW, Bt BLO7 vkl lotI7Iv 7 &0
HHBETHI T /7T =a T =ML, I I v 7 A0BE~ M) v 7 AT ) A—F—H 4 XD
MA BRI A NEIER) — IO B LT 2 A L. 2 OREE ICRNT 2 BV A4 X9k -> T, #HL
WHERIZ S 2= — 7 MO RREME 2 T 5720, Bhx R EBRR T A A~DIGH b #fFF S Tun
b, =, IN6DF ) TT=aT—MEHE, ARy ZEREICI > TERsN A7), FEERY 7 I/
YIBER u U BREOEBEMEICH Y . T ORIRN SIS HBEEICHIRN H D, AR TIE, ANy XIET
ERLT2F ) 7T =a 7 —@dEa HEER E LT, BEIBM 1mm BEOKIR, Vo 7ROV TH T

ZAERLL, SR SRR R X OB BRI E A MRET L7,
RERF %
AEHET, AR ZEICL - TT /) VT == T — L FR
L. ZD%, RO HBET 2 Z LI Lo THRIRITHIE L.
FNEMEMET D Z L2 X > TERL U7, 3, 97,
BT REIZE - TT76 mm ¢ O FeCo A4X —7 v b,
FIZIF T < 76 mm ¢ @ BaF, £721EMgF, % —% ~ b & filiE L,
AN X L CF ) VT =aTF—Baefiiz, ZoT7 hike
X, WE =5y ME &R A A @B 5D & D 1T HER AR
VB — % [AR(AHR) S B CHIEME 2155 TIETH 5, N8
AIRECH D72, Z OBIBEIZATREZR R D MR &2~ 4uE, —
BIORIRCTE < DWIRELFD 2 ST Do RIZZOEIE Fig.1 Photographs of FeCo-BaF nanogranular
EWPORIBEL, 7 L—274RICR 72 b D& U CRER  dust cores: (a) ring with outer diameter of 20
KE L, THEFEDHROLMAEANC S L 2T 5= L& mm, inner diameter 01_‘ 14 mm, and thickness
CED . Vo T bBOEBIRD L 2 REFE BT, BOIT ot tokenose of 1 i iected area of 10
ABHT, B4 TR 800°CE CTOLEIRE T L,

2 HMAR VB — O P JEIE O RWFEF ISR 5 2 & A

FRIXI R o B X B M2 E (WDS) TriAli L, il A% X | As-pressed
FRIEHTEXRD)C Ko TRl L7z, SR bAsthidal B HRE R | ol b,
RNHVSM), BRBREOMIHAHES LOBRHIEON 3 % e M
A L= IV ATFIAF(RT I TAT T 74 e 5 b2 S8
FI . oK 1 GHz & TR HGFE T17 5 7, 2 l:‘““AA |
HE ,j'éf i AA‘::&QA ot
Fig. 1 121X4[E115 b 7= FeCo-BaF /3 /L2 o 7 )L &R, ) N A: u} 5 u”
FELRRE T H | JRIRORE LT B OERLS FIRETH 5, Fig. R el
2 12iE, ENENGD FeCo-MgF U v 7 a7 D FRBEHR AT 0ty 0 100 1000

FART, 1 GHz £ COMERMEEHEICENT, FEYS frequency, f (MH2)
Fig.2 Frequency dependence of complex

Y PR R LTEY oL 7RISR B WIEIREE  permeability of FeCo-MgF nanogranular ring
& RBRD BLAT 7o i F B R R A2 R L Q0D 2 L v o7z, core (as-pressed).
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Co-BaF/BaF f&fg ) / /T = = 7 — RO K I F 3N H

M EE], R R, R B
(24w l(ﬁ/\ AT EHITFERT)
Magneto-optical effect in Co-BaF/BaF multilayer nanogranular films
Kenji Ikeda, Nobukiyo Kobayashi, Ken-Ichi Arai
(Research Institute for Electromagnetic Material, DENJIKEN)
1L LI
“ﬂ‘/ 77 = a7 —HMEERL, MR EO~ MYy 7 ARCHEMSE T R 2 B S BTS2 A LT
L BRI E R 2 ETHOENT WD, Fx DTN —TE, TR ) 7T = a7 EE
@%mb”gk%w7777~%%%mﬁ_&%ﬁmbt o T 7T =2 T R DR E RO
RIT, ~ BV oy 7 ZREEFEOBIERFOBKE—A Y FRT N ZAEND ZEITERT L EEZ DR
57, T T =TSR, T BRI R T D RO R R A R TS AR ORI K Y
BV RRED B 5, B E @D D I LAATRE L ZeduE, SEARE (Figure of Merit) Oe#Z i@ U C
HTNA Z~DIGHEINRT 2 Z ERMFRF SN D, AUFZETIE. @VOLEERRZ AT 2O 2 B &
LT, 7/ 27 7=a7 L BaF Zfifg L2 T L7c, 2 2Tk, Co-BaF/BaF fif@ T/ /T =27

—ED | BRIEFIFRI LU FREIC OV THET 5, 0
EBR5 5 0.2
%Ef/ﬁ?:li%%ﬁ@&ﬁi BaF, Efi ¥ —727 > h& 4,

Co s =%y MaFV, At HAFRRICBE T v v ¥~ &

5:&’&@%?@F&@E&5ﬁﬂ%@%bto&ﬁi«mc %ﬂﬁ

OINETEPHK T, BEIEAY 300 nm OFREZER L, 77T 2

FoROWEERERE, SRR T 7 I F RN EEE & 7 —15mm

(NEOARK, BH-501F-SVD % L Caffii L 7=, o B § 12 .
536 FH(Shimadzu, UV-3150) % JAWVCHIE L7-, FERIE 14 —6.0nm

U 7’V A —# (Horiba, UVISEL-Plus)iZ & > CTHEHT L 7=, 16 —granular
%&%% 600 800 1000 1200 1400 1600

Wavelength (nm)

T T =27 —BOREREEZ THIEL L Co-BaF(x
nm)/BaF(1.5nm)f&fE T/ 77 == 7 — I (400°CHULE) D7 7 Pig1 Faraday
77 —E#EA~Y FVE Figl \ORd, 77 77 —[EEEMOffxf  Bal/BaF films.
X, BHEOF /77 =a7 —fEERENROREVEERD 100
PR T /7T =2 7 —J@RHIG CTHEEEA 2L T U —
%, BaF JEOEFIZ LY, Co DEHEAENEMLTZZ LITERT S 80 |—anm
EEZHID, Fig2 IZFENGHEDOWRRENZ RT, ks 70 |—10nm
FIEEEREmLS R, 7/ 77 =2 T —@DELDFITIET

TEMHILAIRNR > TND Z L AR TE 2, BaF 2fET 2 2 20
LiZE, F 7T =2F @D Co KT DRENENTH & 30
WEEELTWD EHERITE D, |ETIX, 77 77 —EiEA KLY 20

rotation spectra of Co-

—4nm

60 |—sranular

50

Transmittance (%/um)

FihBmRE, FERNLEH L FOM IZoW T hiEimT 5. 10
2 0
Ll 0 500 1000 1500 2000
AMFSE1L JIST CREST. JPMICRI9T1 DI A= 1T 7= % D TT, Wavelength (nm)
Reference

1) N. Kobayashi H. Masumoto, S. Takahashi and S. Maekawa, Sci. Rep., 6,

Fig.2 Transmission of Co-BaF/BaF

34227 (2016). .
( ) films.

2) N. Kobayashi, K. Ikeda, B. Gu, S. Takahashi, H. Masumoto and S. Maekawa,
Sci. Rep., 8, 4978 (2018).
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Fe-FesO4 7~/ R HBE AR DAERL & T D A8 et VR

BIEA—. [WEFRE. INMREH, BH %2, Cathy E. McNamee, [LIARE S, ZREEH, /NIEZ
RAERFBE T, = FEEAF TS, 5N RHHE50)

Fabrication of Fe-FesO4 co-aggregated nanoparticles assembly and their AC magnetic property
Shoichi Yanagital,2, Yukichika Yamaguchil, Natsuki Kosakal, Yoshiyuki Sotomel, Cathy E. McNamee3,
Shinpei Yamamoto2, Shin Saitol, and Tomoyuki Ogawal
(Dept, Elec, Eng, Grad, School. Eng, Tohoku Univ.

Advanced Research Department, Development Division, Sankei Giken Kogyo Co., Ltd.

Department of Chemistry and Materials, Faculty of Textile Science and Technology, Shinshu University)

ELHIC

BRI ST W TEHEE R T S A AR A B DNIE SO EE R O BRGNS L, IR L=
T S NIRPHIERICR G 2 2 Z ENBE SN TV D, BRI & ot 7= BRI O W - WU DR £ -
T FICHLETH D, BlxiE, A 7Yy RELEKHBHE (EV) Tk 100 kHz LA T OARJE B B (2%t
U T8 A I T i E AT LIS O AT 50 7 Bl 12 S 72T S CTe vy, ARBFZE Tl SRl T/ b7 O ko
Ty X U7 BGE JOWKORRR A EAERICE B L, Bt LW ERGE I B E L THREKE— A DR
DT I RAZIRE LTc ) R R IR A ER U 7o, £72 2 ORGSR 2 74N L. BEXUHR S & A1k}
FERK & ORISR A e L 7o,

KRS &

Byl IO C Fell & FesO A5 /R &2 2N ENAM LTz, b D) k% Fe: Fes04=9:1, 7:
3, 5:5 3:7, 1:90EELTI = 10mICHSWMS T, TOEKIC=S 7 —/130ml 12T, @
W HEHR(10 min), Z D% L4 BEE(S000 rpm, 10 min) 24TV, EEIRAIKIE, BEEGREZITo7., Fbhi
BABHRITK LT, HR X BREPTRE(XRD), @i E 7 BMEE(TEM), 5 HRME 2 W CRMi L 72,
EKEHBER

TEM BIZE0 LG LT Fe & FesOy DF / Kif-ORBILENE 4L 125 nm & 34nm Tho7-, Fe, FesOs,
BRO, 20 60T R IEEROBALMHR O | fafB bR G R LB Z R T 2 L R TE, Fe
& Fes0s DF 7 R F-BERNCE—IZIRE L TWD 2 &Ny o 7z, Fig 1 ICEBBALROIRERFIEZ 7T,
FesOs 7 /K TlE, Te=2l KIZ7 0y % U ZIREZBH L7z, £72 Fe 7 /K1 TlE, Tet™=150 K {32 T
MKERTZENHERTE 2, SOHICEB]N 55 O Fe-Fes04 7/ i ILEHERIZI N T, TeM9=230 K |
REEB DAL ¢ ORI BU Sz, ZHE Fe X0 FesOs DF / Kif- D HAERL S VT ER TR 620D
DTHoT=, —I7 Te=(KV/ks)In(tlro) DA L 0 | kit 12.5 nm T, FHAEVEH O 72 WK AN L 72 Fe F / K
T TIETee=206 K & fAE DI, HIERET D TeM0=230 K LTV, Ko T Te Mo (T HEEEE IR A O REAAY I TN
SNELTeFe S /R DT Ry X VBB A LD LB LD, T Fe-FesOs DT /R TEEEE K D NS
TlE Fe F /K- ORI FesQsF / Ki TN AET S Z L2k » T, —H#D Fe F /i 7 DM IINE L 724k
RRTHDHZ Ea R LT\ 5, £7- Fe-Fes0s & Fes0s-Fes0y D) / Ki+M DGR PG+ HH HEAERITER X 5

FENSL o TNDEBEZLND, SHIC ox10" _ . 0L —
) B Jge= 3 Oc. /= 47 Hz ‘ kW Tp1 Jipe=30Oe, f=47Hz Fe:Fe,0,
Ted " PEM SN TND Z LD, —HDFe g ¥ — o
NN = N= VET - _‘E 75107 / = 1:9
F BRI LS FETENCEE L TWnWH Z L < / F 3:7
73§%2E.%’L50 g / ey % 2x10 _:;
%%yrﬁk .:f su107 T:;f, : iulu
2 i g g -
1)  Hiroaki Kura, et. al, J. Phys. Chem. C, 114, 5835 : ; 2 ot
ot E
(2010). H
2)  Shouheng Sun, et. al, J. Am. Chem. Soc. 126, 273 = L o E o
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
(2004). Temperature (K) Temperature (K)

Fig.1 Fe-Fe,0, 7+ / M F AR FOBERELEORICEDS L CESBE)BERFE

—201 —



29aB -5 AT Al AAREKERTEANEEZEAE  (2023)

M7 BRRE H'E PV ~D Co-Pt F 7 W FE K

HIE A, &K i, U Ry se—- b Il el s, |t g e
(1 RERR¥RABETAWIER, 2 R RPAERBIAIIER
3 KIRARS: CSRN, 4 KRBKAIFER) BRI TebERE, 5 RBCRY 8 B EITFERT)

Synthesis of Co-Pt nanoparticles in isolated spherical shell protein PfV
Kakeru Tagata', Ryo Tominaga', Akifumi Higashiura?,
Ryoichi Nakatani'*, Atsushi Nakagawa’, and Yu Shiratsuchi'*
(1 Grad. Sch. Eng., Osaka Univ. 2 Grad. Sch. Med., Hiroshima Univ. 3 CSRN, Osaka Univ. 4 OTRI, Osaka Univ.,

5. Institute for Protein Research, Osaka Univ.)

Ui GEE, WM R IREBES T~ OISR S L, BA B R EEE~ DS O 72 o i
Rl EE & DFEOIRREL B 3 2 BRI ST 7 KT OBAFE D ST 5. T4 i, BRdiiigx o
HHE Pyrococcus furiosus virus-like particle(PfV) & ik 7 / R ¥ % @il L 7 BT BIbEREME ) KL+ D Wt 9E %
D TW3, PV 3, BEFEVEME R OMEVE I 2 T, EETIREIC X VRS0 kDT 2/
Ezfilifl$ 25 c &, JRERE - v A VR L OfiatEiE, ®E & DAL NG T 2% L OFH %
Fio. 4 ld, 2N E TIC mm @Y 4 XD PV ffsh 2 /FH L, PIV #EEa NS~ DGt - 7 Ko ARk,
WEORR R & kMG L& 2(1,2]. —7, ERoHWDZoICX, Wk /7 RTE &KLz PV O
MAZAL BT & 72 5. AWFFETIE, #ERLRTOIINL PEV IC Co-Pt F / R T2 AT 5 2 L 2ikA, 77,
AL 7= Co-Pt F / Ki ¥ DIEEFFIEIC O W TRET L 25 R 2 WS 4 2.
EBE PV offlGKICow T, x oM [112SHE v, b0 PV ~o&FAMIR
(1) HiY& 725 Co-Pt DA A VKA TR, PEV ICY —F v 7, (2) BRI ABEIC X % Buffer 22Haic X Y
RN EBEA A v ORE, 3) BITAIZES L PV NEOSEA 4+ v %2 &ET, OFIETIT - 7. PV Of
PEDOFHMIC X, BhYEERELE (DLS) Z V72, PV ~@ Co-Pt F / Ki T DEKICERL T, ¥V —F v 7 %fT
5 Co-Pt DAL Z 1:3 CTHEIE L, MEZZMI I 272, 5547 PV ICDWT, VSM % W TEIR T O
LR % HIE L 72
EBRRER Lic, PEVICY —F v 7T 34 A v B %
Zlbs ezl 2 ERcombihikznr 3.
Co™+PtCL> DR Y —F v 7' &I, PV & (mol) @ 1000 £5,
10000 f5 & L7z, @icte Dkl BT, IERIE R LR
2352, Co-Pt DAMEZME & 2 & & CRMEILD &
{722 2 L DR, & DFERD 5 PV FhIC Co-Pt 7/

o
S

0.05f-----t-----1t

1111] MO ]

o
=
W

' 1
(Co> +PICI") / PIV=1000

Magnetic Moment (memu)

KT L CTnB T LR RBINS. -0.10 = (‘)"": +PIC) / PIV=100X 5
-1 -5 5 1
[1] M. Taniguchi, K. Tagata, Y. Shiratsuchi et al., J. Phys. Chem. Magnetic Field (kOe)
lid,.1 110840 (2022). |2| K. T: Y. Shi hi ., IEEE
Solid,.169, 110840 (2022) [2] agata, Y. Shiratsuchi et al., Figl PIVICY —% v 73 B RHEA + v i %
Trans. Magn. Accepted. 2L & & 73k o =il T oG HER.
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LbLET VA MEAO - XKD
(7R 2% YR 78 Fe-B fhi ) | Epoxy 28 o {Eil

AT L PSR 2, BUEERR 2, ERIEAT 3, mREAR Y, HEmESE?
CHALKRT:, *REBLEFHMFR, S EBEINEFRT)
Preparation of epoxy-coated Fe-B /Epoxy composite film by LbL method assisted composite plating.
Chihiro Masumoto?, Takeru Nishii?, Seishirou Higashi?, Hiroyuki Muto®, Yasushi Endo?, Fujita Naoyuki?
(*Tohoku University, 2NIT, Nara College,®Toyohashi University of Technology)

1. ®E

FBox OWGE 7 N —7"TlL, @8 CERE W IR 2 R e R E A I 2, BIIEOENT &
[FIIRF IS BEPERRL 1- Z2 T S8 % LhLIET VA MEG®H - & L0 ) FIETER LTV 5, I ViX Fe'B
ORI 7-1C LbL ALBR & ffid~ = & C, =& 7 — L Th Tl Fe-B Oy Hekie R m B4 5 2 L &R/ L7z, LasL,
fliKk %2 72 Fe-B/Epoxy A TREDO SIS CTlx, Fe-B b L, fafumfbnigbZ & &, E L7~
EEIE, Fe-B ki & AR F U ARE—IIHH L TEY, REOMMMBRKEL 25 LW ENRD -
7o I T, AW TIL, Fe'B ki F A2 HEMD > | LY RS THE LRI, WETLHZ &
T, Fe-B#hi O bz E, BNT-BKFHEEZ T Fe-B/Epoxy A RO/ERZ Hig L=,
2. EEAE

fEH S OMEMT R RO G152 OFEEZANT, KEEDZREY (BAAS v , N12) 25
To il Pd K035 L7z Fe-B bl +Z221E L, “ARF U 2m I, Pd ZOWE TIE, £7,
EIZHE LTV 5 Fe-B ki 1% @7y T MR (PAA=1wt.%) IZIRIE L, AICHE S0, T Ok,
PACl #A# (10mg/L) ICIRES -, TNOHOTRITTZ J —LVE2REEE L, Fe-B Of{LAEFHT,
TR U RIC Fe-B ki + % 30 2y MRS SR o 24088 L=, FUKICEIESE, ik o
AL Z R L7, 1ERL L 7=(Fe-B)-Epoxy ki1 1.0g T, BEFE VOLM:THEAEZERLL 72,
3. BEBLUEER

Fig. 1 ® SEM-EDS {4 L v, #EEMED > X% D Fe-B bl 240 b TR ¥ Nkt T 5 R E B H
ENTEY, RPN FREOSEREWBTE TCWDLZ RS, Z Ok ZHKIC 3 FfER
& Ukt 7= Rr o faffifbix, BIErTOK 95% CTh 5 138emu/g #fr-> 72, Fe-B ki {-IC =A% v &8
BT HI LT, KERERTPCORILEZIMGI TEX/2EE X LND, Fig 2 (I3 HME SBAIEE 2 VTSR
L7-EATEOERRE LY, =R 298 LT Fe-B Mohi 7 & sl % & 21 O SEyg M A Kbz A b
Li=Z &ENbnd, LbL IET VA MEGD & T, T TR 172 Eofla a - &3 554,
& JBIRL Tl SR R E S I T X B, Z D728, TRF MBI L Y Fe-B ORMmICHZIEN T,
V—MEnm ELzEEBEZ NS, LLRRD, BEOMERSREIL, w=1.3 L/NIREICE EEoTz, =
nix, EAED MRS A ENPR306%E RN ENFRTHL EEZBND, 5%, RO
B ISINEZENSE, §A82 KEIZH ESE20ER’H D,

1pm e—

(@) SEM # (b)  BRHEHLAS
1 (Fe-B)-Epoxy ® SEM-EDS # 2 Fe-B/Epoxy fEE& DR mIRHE
2E Bk

1) GEFEER f: RimEkdirle 5 22 EAMERE SN 7 +— 7 LAEEHE, 2020-12-04
2) fEHH M BRFEESWMOGEC, 131411 5, pp. 1843-1847 (2011)
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FREGIER T DA R — A RIC K DB EFE A E U H0E Ly

TAEL 22, EARGC T, REER Y2, BTERE 22, FAEkE] Y2, AR R 123
(M RERR R F PR, 2 5B K CSRN, *PRESTO, JST)
Self-induced spin-orbit torque induced by the spin Hall effect in ferromagnets
Motomi Aoki'?, Ei Shigematsu?, Ryo Ohshima'?, Teruya Shinjo'?,

Masashi Shiraishi*?, and Yuichito Ando!?2
(*Kyoto Univ., 2CSRN Kyoto Univ., *PRESTO, JST)

de =
H5R

WHAED A ¥ A bV 7 (SOT)ICEET 2 BF7E Tl, (14T A IERIEARNM)/FREEIE IR (FM)2 @i S s 12 B
VT, K 1@ICART L D7, NM FOE-A B UMABMBIRIZL Y FM ~EIEA SIS A B D FM O
KICEZ25 P27 ZRBRICL TS, — MBI D AR — AR 2 EZEShE, K 10)IorT k91,
FM TAE VA= ZR(SHE) 2 I L 0 AR SN A A NM ~FEH L, FM NI — O A E A
A ENT, FM BEOBLIZH CFBE A B2 #E S L7 (SI-SSOT)VAME K & &2 b T\ b, EARIZILHL
THAE AR —/VAN CoRNi 2 EDO—KH FMIZbHE SN TWD Z L2 BET 5 &, SI-SOT (HFFE4
T NM/FM 2 JEHE T o SOT JIEITHET 5 L PRI DA,  SI-SOT (2B 2 EERIBFIEIZ A 720,

B - A&

VL bEaESE 2, AAFZETIE NMIFM2 @RS & 251 5 SI-SOT &Ll Z HAg L L, Ta/Co 2 JEH#ik & x5 I2HfF
Feh AT o729, AEEIZBWTIE, Tad SHE I2X 5 SOT & Co ® SHE (2 X 5 SI-SOT NWifF 5 ThH H7-0,
Co EE DA HEV SI-SOT 28 K L, Ta KD SOT 24T BT Z E N TREN D AR AR T 5720,
Bl CoEEDT SA ZTHK L, AV bV 7 sfigEPEIIETE 9% F € SOT Zh3 &wr 2 HIE L7-.

TS

2 [THE EAL7=Gmr D Co THEE tem IKEE TR 5. WEIRFEIKCTO 7 4 —V BT A 7 M7 ITERT 555
HERIZANZ, tem > 8.5 nm IZBW T &mr D FKEEN A DNTZ. ZHUX Ta DAL VR — V2RI K 28
® SOT & Co DAL VU R— /LRI & 5 SI-SOT 73 Co DRI %f L TR DIEFMEZRL, 7»>Tak Co T
XAV VA= VADKHERSTHH Z LICRFLTRY, AV EEFEAND TRINDEEE L.
S HIZ A AL RERE WA T, FERMEAER D @IRPTe 5613 SI-SOT ORI E 1T/ 0, 1ER D
BrRETIEA E U A — A &2 KIBISBRFHI T 2 /et d 5 Z L 2R L.

L Z DTN

1) K.-W.Kimetal., Phys. Rev. Lett. 125, 207205 (2020).
2) M. Aoki et al., Phys. Rev. B 106, 174418 (2022)
3) L.Liuetal, Phys. Rev. Lett 106, 036601 (2011)
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Fig. 1 (a) Injection and (b) absorption of spin current via the SHE in Taand  Fig. 2 Torque efficiency as a function
Co, respectively. Jc and Js are the electric and spin current, respectively. of the thickness of the Co laver
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Ta J& |2fE)E L7~ Th/Gd/FeCo L E Iz 5
A B ENE VT AL R

FEARER, KRERBE, s>, Filggss, IS
@ EERY, *BARY LX)
Spin Orbit Torque Magnetization Switching of Th/Gd/FeCo Multilayers deposited on Ta layer
Y. Fujita, D. Oshima, S. Takahashi*, Y. Hirayama*, T. Kato
(Nagoya Univ, *Samsung Japan Corporation)
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A B HIE RV (SOTRALKERIE, BIE MRAM (ZHW STV D A E BT bV 7 (STTR LS
LB LC, mﬁﬁ‘OIZ\/Vﬁ’\”—fjJ$7ﬁ W2 END, WD MRAM EXALZ LA L L THIfF S
TWo, F7z, SOT BbHEZTIX, FEZIAH LT L OB N RR D720, B LFOREE
IATRIS KIE IR %, B2 132 E T Ta g LICFE L7z GdFeCo 542, Gd/FeCo Z gD SOT % i
~, SOT AR DBACAERL RIS I EHMT 5 2 L e E2 WG L CE (1], a4, BES
AR AEL A DT 72 ThCo A4l 3T, 22 RCE e Bt DAl AL IZ LI 9 % Dzyaloshinskii-Moriya £
HAEH (DM X > THERES TO SOT WAk KR s STV D [2], AWFFETIE, TEIE 5 M O &It
MrEE N THCHIE© & 245 L LC, Gd/FeCo/Th &Iz H L, Ta LIZFE)E L 7= Gd/FeCo/Th % )E
fio> SOT WAk S s Gd/Th J@ IR 1AM 2l E L=,

EERAE
ﬂiﬂf’ﬁi IIRF~7 X b ARy ZIEEERWNVTHEBE Lz, o7 e LTEW b ) o2 U FR
Z Ta(20)/[FeCo(0.5)/Gd(0.5-tro)/ Th(try)]s/SIN(S) Z fiifE@ L 7= (BF D HALIE nm), Th FEE try, 1% 0.08 nm
75 B 0.14nm EZE LI HTz, H 2 7 VIR LATIZ A FR AR ) FHAGM)IZ L - TR LS
BHMRER 2 HE Uz, BN T oBIIZA—1r 7 a ZMEN 3um 2725 X 22T L, BEA—1%)h
R(AHE), SOT Wb KHRDHRIE 24T o 72, SOT Wb SCHAI TN I PGSR Hee ZFIIN L, 7L Z0E 1 ms DX
JVAER %O AHE Z2HET 5 Z & TR~ T-,
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Fig. 1 (a)/% Tb/Gd/FeCo ZJBIEDHRE o4l 1z of 9 ]
REFME Kt D TO IR tro i A7 2 R LT £, [ * Az m
2503 b 158 + ATb(0.10)/Gd(0.40)
BY, Keld tro OEEINLEY, LT 52 ool ° S B:Tb(0.12)/Gd(0.38) ]
- o 2502~ —1£% 5L C:Th(0.14)/Gd(0.36) _]
W, 7285, Kl ZE S BAMBAOR 55 | 184 9 (01/EA030
LV L7, Fig. 1 (b)ix Ta i Lo h 0l e F
v BRI BR . TR @ IR R
Tb/Gd/FeCo 2 J@ D SOT kAl S i i i 48 05 o o0 500 700
Jisy Jsw D Hext @gﬁ@%ﬂ? LTW5, 2TD Th thickness [nm] External field He[Oe]

AECIw T Hee DN E & HIIKTF LTV D
F77, Ha =0 ~AMF L7= Jsw i to DD E &
HAZHAD LTE Y, Ke BMEINT DI H 030D
57, JwDEY T VI FREERIELNTZ,

L 2D N

1) S.Yanaietal., Jpn. J. Appl. Phys. 62, SB1004
(2023).
2) Z.Zheng et al. Nat. Commun. 12, 4555 (2021).

Fig. 1 (a) Tb layer thickness tr, dependence of effective
magnetic anisotropy Kes of Th/Gd/FeCo MLs. (b) In-plane
external field Hex: dependence of SOT switching current Jsy
of Ta/[Th/Gd/FeCo] MLs with various Th layer thickness.
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A modulation of spin pumping due to ferromagnetic to antiferromagnetic phase transition
in single crystalline Dy film
ADept. of Phys. Keio Univ., BKeio Spintronics Center
K. Yamanoi®, and Y. Nozaki* B
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2T 27D, ACUIMBEEEIT D A h =7 AT, 2O - BREICB W TEELRYHBIRL TH D,
ACYRAE S TIZR DA ROERSFRIT, A EANEEAY
YIE (R E) OREOIF T ALK I AEE
NEND A AR T 2, ol BESAHEEME 2 2 v
vrorRBE L THERATAZE T, AV VRV EUSICE DAY UIRAE
AR A AN L0 B Lo R nswE S inve D, R TIE. KV
RERBEAEBH KO A VR E o VR EBRT 5720, ik
M-SR - REMEAR A RS 9 2 BLRS ih Dy 3 & 3REEME NiFe 2828 L
72 FRME AL L, BRI AN— N F o SRR O IR B A % 0 100 200300
ET DI LK, BRI D Bilidh Dy ~O X B EARE T (K)
DEALET T, 4 1. Dy MEBEOREAL ORI AFYE

TG LB L ORER

VTR R ARy XY 7RI K AR Si A _EIZ Ta(3 nm)/Dy(50 nm)/NiFe(20 nm)/SiO2(30 nm) %
BB U7z, Dy J& O RIS O 2 HEp 2 350 FEICANEA L, X =B L 7=, XRD HIEIZ L Y . Dy J& /3 Bk
RELTWS Z L Z2NDT, TO%, A4 IV v ZHE L U — P —il%E E 2 O T LB I 2 SR
WML L, 20 R Ti/Au ¥ A 7 1 BRI A ER U 7, B 1 ICHAS S Dy MR OREURE O IR EE K fFME 2 =
To ZAUTKY | (ER U Z-HAES Dy J8 ComBeME-ROmmperk-F MRS N BT 5 Z L3 h o T, RIT,
TREDOINBHSG T TXT MRy N =TT F 7344 FEHWCERRKD Sy /3T A —Z OJEEHURA T % H
£ L. NiFe JEOBBMILE (FMR) A2 b VO %
72o FMR A7 NV ORRIE D A BURFEN S BN Z e 7D 03|t REEE  wE
TR EE AV % 5746 L 7=, NiFe/Dy DHEZNZ v B 7736, NiFe HifE '
DE BT HZLGIC Z LT, Hifid Dy E~DAE R %
VIR DAME BT O RAaEE T LTz (X2), HifSdh Dy 0.2F %
DAE R TI, T HME-PORBEMAAREERE A TR 2R L
Te—707 T BOIRBENE-FREEMEAREARE /R CIOR & <RI L 72, R 1. @
IR S BNWTHAE UL IR DA VR BV 70 0.1

HRICENT D, £ 7250 Dy (2% L CRGEREM: Dy TIZAE >

ROV TRRIBIAET L, & Dy ERBETHD Z & b0 0.0L C&i oo o
BUAMFIZL DA R TR LM G | BRI T(K)

KXo TR UVIEBENRKRELS BT L LICL2EME "B LT X 2. Bifk5 Dy DA EE K IFNE,
W52,

B AR REE
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I

Magnetization (T)

Aol

2 R
1) B. Khodadad, ef al. Phys. Rev. B (2017) 2) K. Yamanoi, et al. APEX (2023).
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MnGa D% & A B HE MV 7 Bl SR k35

fiydE Fe [ Jig D 52 %8
AN b, R, (L NEE., FFHEH
ClniEEPN)
Effect of an ultrathin Fe interlayer on the growth of MnGa and spin-orbit-torque
induced magnetization switching
M. Ogawa, T. Hara, S. Hasebe, M. Yamanouchi, T. Uemura
(Hokkaido Univ.)

FLHIC

FEEACIEZ A PR e LI BB RA~D A U VEANIT, AV R T UV AZRAE L LED R EDAE D
BEREZ I L7 A ADFEBUT L » TEBELRFINNCTH 5, MnGa IZTEERIK I T IES R & < | 2,
AEURMBELEmNZ EnD, BMEAEURE LTAETHDLN, ZIE T MnGa 75 GaAs ~D A B 7E
ANZIRIT 2 K TE% & FEFE IRV 1], ZDOFKO—> & LT, MnGa 135 bd 5 72 DI @R RS2 L
ZWVEELE L, 2T X > TA L S MnGa/GaAs R DSSN A E AEANEZIHT 52 ENREBEZXLND, AWFIET
IXMnGa & GaAs DEIC Fe FiIBAIHAT S Z & T mREBLEFEEZE T2 MnGa N EIR T TE 5 Z &,
SHIT, A HUE V7 (SOTYRMLIER DR PE RS 5 Z & 2 RRE L2 [2]0 THET 5,
ERAE

GaAs F:MR _EIZ/E & 250 nm @ undoped GaAs /N~ 7 7 J& % MBE (2 Tl % . MnGa (2 nm)/Fe (0.6 nm) & [l
R CHE Lz, ®%IC SOT DA Ui e L CHREE 6 nm O Ta & % ki L7z, Fe FJEOEELZ IS )
T 5720, Fe PEEEL OV TNV HRFICER L7z, £ LT, BEREAZIES pm OB —/L /N —FEEIN T
L. BERFFER X O SOT B b SClis DR 2 514f L 72,
ERiER

112 GaAs[110] 7 A2 > 72 MnGa @ RHEED /X % —
ot FX@)IEFeE@dh v, FXDb)ILFeEELO L EZD
NRH—2 T D, Felg b MnGa TIEI=RIERE TH K
AR =T RE =PRI, MnGa BT =—/L72 LIT
TEXX VX ARE LD LR ENTZ, ), GaAs EIZ
BRI L 7= MnGa 1%, BIRER TIE7 BT 7 ZIREET
3?) D N %El%ﬂﬁ@fly)ﬁlli ZOOOCUJ:@T:“—ll/ﬁS‘LIZ\gT% 1. GaAs % *ﬁ D [110] jﬁ‘ r’,J—J c: {/D} - f: .
Slce 2O EMND, MWD Fe JEH MnGa D=L K 2 7 (a)MnGa/Fe/GaAs, (b)MnGa/GaAs > 7 /LI H
BEICTATHEE LTHEOTHDZ ENbhroT-, £7-. T2, MnGa ® RHEED /3% — >/,
BALRED 5. MnGa/Fe —JERRIT MnGa HLFHR & [FIERIZ = o = 10mT | 290K
TR 2 LTV B = & 734545 7= (not shown), 1f b T

212 MnGa/Fe “JBIEICET 5, /UL A B I 15T 5 _ -
BRIRHL Ry (LA 7T, MnGaFe ~JBIICHC, N ot
72 SOT RUL M BIZE S =, — . MnGa HERIZFHU =
TITHABR 2B LRI Z S/ hy - 7o (not shown), F#{H Ak
TlX MnGa/Fe —J&EE & MnGa HLE RO L 0 3EH 22 e <R 1
BEOL SOT FEIZ >\ THET 5, 050 5 10

BEH o (mA)
1) C.Adelmann ef al., Appl. Phys. Lett. 89, 112511 (2006). 2.290 K {ZH1F 5 15 100 ps O Ip IZH T2 Rys

R AT z -
2) M. Ogawa et al., Appl. Phys. Exp. 16, 063002 (2023). g;ﬂé@ﬁ[{fg é” AT HIN L =
H Zjif N o

(a) MnGa/Fe/GaAs  (b) MnGa/GaAs
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T E WAL Co/Pd AE Y J& % V7= CPP-GMR JRIZI1T 5
STT 73 A k SOT Bt itz
W oEE, WO, KREIKE, INERRIE
(% RK)

Spin transfer torque assisted spin orbit torque switching of CPP-GMR with
perpendicularly magnetized Co/Pd memory layer

D. Pan, Z. Cao, D. Oshima, T. Kato
(Nagoya Univ.)

FLHIC

Co/Pd ZJBFIT K& R R MEMKE T EET D TR, BELEEZD Z L TEDRGTMEEZRS
ICHIEICTE 52 Emb, REBMRAT VA LT 7EAAETIMRAMDAEVEE L THERSATWS. M
RAM EZIALFIMTE LT, @l OEZER A #LE ML 27 (SOTRALKEZNER ST 5723, SOT-M
RAM L3 TR &2 5720, AV A ANRKEL, GBEEICEERSDH. ZNERET LD, A
T LR DM ARFEICHBEA AL, AT RV (STT) THEEZ B8 S8 2587272 3 IR S EA
AEYHFTPIRESNTWD[]. AHFETIE, 203 RITHMRAATY OEZALGLE LT, SOT LAY
URAT BV 7 (STT)D[RIRFEIANG X % BEELE{L Co/Pd A € U & DRV HA[2] % 7~ 72

EERA &

500 nm EARR{LIEST & U 3 U H BT, SIN(S)/Pt(35)/Cu(0.2)/Co(0.4)/Pd(0.2)/Co(0.4)/Cu(3)/Co(0.6)/[Pt(1.0)/
C0(0.6)]2/Ru(0.85)/[Co(0.6)/Pt(1.0)]4/Ru(5.0) & M ELZE RF A 8w Z ) o ZEIC X D ki L=, FERIX 7 + b
UV TTT 4—, BRI VT TT 04—, Ar'= v F 72 X0 B & BRI IS B RS ESI(GM
R)FE TN L7, FEMOWEIL4 um Th 5. STT B L SOT LK EZIZZ 2, GMR E 1B L0
Pt FEBEMRIZ SV AEREEHINT D Z & THER L7z, STT 7 A b SOT Bt #izlE GMR FE+ & NPt F#B
MRV R A RSN L 72 %%, GMR FEHEftzflEd 252 & T L7, AL, SOT B LV STT
DOV A ENEI, 10ps, 12ps TH Y, SOT BifiiE STT B AEA LT 1 ps HBICHEA LT,

EBiER

Fig. 1123 kOe D ai NI 2 FIIN L 728 SOT ik inz /R LT\ 5. fE 7 =V EEE D D
WG A0/ N & T, AT, OPATIER CRIFRE O A BT T SOT bz L T\ 5 Z & B3R S
72. Fig. 212 SOT B EREB IR B Jsor D STT 7 ¥ A MERBE Jsrr IREMZ 8T, NS XX PR
LTWA. Jsrr DEEINC LY, Jsor IZKRIBIZHAD 5 2 & BRI NT=. Fig. 2 DEX AJsor/ AJstr TEHES
NDHT 2 A MNROEANBIHEAENEZ Fig. 3173, 73 A MIRITENBSEO R E SITIKFEL, HmARLR
DINSUWVIEERWT VA MIRBPFOLND Z &R gnoTe.
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[11Y. M. Hung et al., J. Magn. Soc. Jpn. 45, 6 (2021).
[2] D. Pan et al., IEEE Trans. Magn. (2023), DOI: 10.1109/tmag.2023.3284862.
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Thermal spin-transfer torque assisted all-optical switching in L1o-ordered
FePt thin films

Jian Wang'*, Zhenchao Wen?, Yuta Sasaki?, Yukiko K. Takahashi?, Ken-ichi Uchida?
Kenta Takagi! & Kimihiro Ozaki'
LAIST. 2NIMS.

FePt nanogranular film-based heat assisted magnetic recording (HAMR) is a promising technology which uses
temporary near-field laser heating of the hard magnetic recording media during writing to increase the storage density
of hard disk drives [1]. Besides the heating effect, the circularly polarized laser can also induce helicity dependent
magnetization reversal in magnetic materials, so called all-optical switching (AOS) [2]. With its interesting physical
phenomenon and potential practical application, the integration of AOS into HAMR technique i.e., realizing laser-
induced deterministic magnetization switching in magnetically hard FePt nanogranular film is attracting increasing
interest. However, to date, deterministic (100%) AOS has only been reported in soft magnetic materials (e.g., GdFeCo
or [Co/Pt]n films [3]).

In this work, we propose and demonstrate a thermal spin-
transfer torque (STT) assisted AOS in FePt nanogranular films
deposited on ferrimagnetic yttrium iron garnet (Y1G) substrates.
As the conceptual diagram illustrated in Fig. 1, a thermal
gradient (VT) is created in the YIG/FePt bilayer film when
expouse the sample wiht circular polarized laser (o*/o”).
Consequently, a pure spin current was generated and injected
from YIG substrate into the FePt film via the spin Seebeck
effect (SSE). It then exerts a spin-transfer torque on the
magnetic moment of FePt film and assists the magnetization
reversal associated with AOS.

Experimentally, FePt-C nanogranular films were deposited e
on both YIG and GGG substrates by magnetron sputtering. The  Fig. 1. Conceptual diagram of the laser induced thermal spin-
YIG and GGG substrates were selected here due to their close transfer torque for assisting magnetization reversal in FePt

. . L . . nanogranular media.

match in lattice constants, but distinct spin Seebeck coefficient

which enable valid comparison and extract the potential contribution from thermal-STT on the AOS in FePt films.
Furthermore, both the laser helicity and laser fluence dependent on AOS in all the samples were investigated to prove
the proposed approach. The results from magneto-optical measurement indicated an enhanced helicity-dependent AOS
in YIG/FePt-C bilayer sample than GGG/FePt-C bilayer film. Furthermore, the AOS effect presents a visible positive
colinear relationship with the laser fluence in YIG/FePt-C bilayer film while it is almost unchanged in GGG/FePt-C
bilayer sample. The potential contribution from the thermal-STT on the AOS in FePt nanogranular films will be
discussed in detailed with experimental results in the presentation.

L1,-FePt
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Frequency characteristics of emergent electromagnetic response in magnetic nanostructures
J. Ieda, Y. Araki, and Y. Yamane
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Anisotropic magnetoresistance effect in FesxNixN films grown by
molecular beam epitaxy

Weida Yin?!, Keita Ito, Takahiro Tanaka!, Rie Y. Umetsu?
(IMR, Tohoku Univ.)

[ Introduction]

Anisotropic magnetoresistance (AMR) is a phenomenon whereby the resistivity of a material changes in response to
the direction of an external magnetic field (Hex). AMR represents a significant magnetoresistance effect and finds
wide-ranging applications in fields such as magnetic sensors and magnetic storage. FesN is an interesting ferromagnetic
material showing negative AMR and the anomalous cos46 term (C4) significantly increase at low temperature (T).1®
AMR of FesxNixN films with x = 1 and 3 have been reported, but the origin of C4 is still unclear.®) In this study,
FesxNixN films with smaller incremental changes in x were fabricated and their AMRs were measured.

[ Experiments]

The epitaxial FesxNixN films were grown on MgAl,04(MAO)(001) substrates at 450 °C by molecular beam epitaxy.
Fe and Ni were supplied by electron beam gun and N was simultaneously supplied by radio-frequency plasma gun. The
structures of the samples were characterized by reflection high-energy electron diffraction and x-ray diffraction. The
Ni/Fe ratio, x, in FeaxNixN films was characterized by electron probe micro analyzer as x =0, 0.6, 1.2, 1.6, and 2.2. The
samples were microfabricated into a Hall bar shape, and AMR were characterized by using a physical properties
measurement system. The sample was rotated under a steady Hex 0f 3 T as shown in Fig. 1, and AMR was measured by
four-probe method while changing the relative angle between Hex and the current under different T of 6, 75, 200, and
300 K for all the sample.

[Results]

The FesxNixN films were epitaxially grown on the MAO(001) substrates, but the uniform FesxNixN phase was hard
to form with the increase of Ni composition and started to decompose into FeNi at approximately x = 2.2. The
relationship between T and AMR ratio (ramr) in the FesxNixN films with different x is shown in Fig. 2. In the sample
with x = 1.2, 1.6, and 2.2, the ramr value is positive at 300 K. In contrast, negative rawr is obtained at 300 K in the
samples with x = 0 and 0.6. The absolute value of ramr gradually increased with the decreasing T and the sign of ramsr
of the samples with x = 1.2, 1.6, and 2.2 became negative. Particularly in the FesN film, the |ramr| rapidly enhanced to
9.8% at 6 K, which is much larger than the reported |ramr| for FesN films grown on MgO(001) and SrTiO3(001)
substrates.>® The negative spin-polarization of density of states at the Fermi level (P) in FesxNixN is reported.®)
Considering a theoretical model reported in ref. 6, the combination of negative ramr and negative P obtained at low
temperature region means that minority spin transport is dominant in the FesxNixN films with x of 0 to 2.2. T
dependence of C4 will be discussed in the presentation.
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Fig. 1 A schematic geometry of the transverse AMR measurement. Fig. 2 Temperature dependance of AMR ratio of FesxNixN films.
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Temperature dependence of anisotropic magnetoresistance effect considering crystal orientation of Co-based

29pB - 2 HATE FARRE

Heusler bulk-single crystals
T. Tanaka, T. Kubota®, S. Kokado™", R. Y. Umetsu
(IMR Tohoku Univ., ‘Grad. Sch. Eng. Tohoku Univ., ~“Grad. Sch. Integ. Sci. Tech. Shizuoka Univ.)
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. 8 5 B9 HMF OME % 332 L CHERZRTETH 5 LHEFHMICRE I TWD D, L L7 5 HMF
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Fig.1 Angle and temperature dependence of AMR ratio of (a) Co,MnGe and (b) Co,FeSi.
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1) S. Kokado, M. Tsunoda, K. Harigaya and A. Sakuma: J. Phys. Soc. Jpn., 81, 024705 (2012).
2) S. Kokado and M. Tsunoda: J. Phys. Soc. Jpn., 88, 034706 (2019).
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Quantum-annealing approach for designing cation-disordered spinels for magnetic tunnel junctions
K. Nawa %, T. Suzuki®, K. Masuda?, S. Tanaka *°, and Y. Miura >¢
(Mie Univ. ', NIMS?, TDK *, Keio Univ. 4, WPI-Bi02Q, Keio Univ’, CSRN, Osaka Univ. ®)

FLHIZ

B R EREHE LB IS K D T — A BRBIOMEIBRSE, Wb b v T U TR A T kT 4 7 A (MI)
MEHICHE L TR, MEMZMRT 2 uRECH, BEE - AR EOkx 2B HEZFTLEOY
PEIC A TRIE(IET 720D TFEREN LT TS, il T, MatREbiEICE b L-&
T==U27 (QA) FHWETELREIND, ZOFENRSA il (BO) L0 bENTREDFEZR
LiF5Z &, Lisss y% U—MB2BNRENT D, A TIE, ALY hr=2 2N 5 QA IED
ARMEZBRET <, B RS HRE T MTY) OFLRNNY THENCH 212 B 1L MgGa:04 (MGO)
WZEHRL, iizwﬂe— (UEtor), b FVEERHPTE (TMR) B X OFR P (RA) 1Tk 20 F 4R
HLRIBLS D Feii b 2 3l A 7.

BT AE - R
9 -8 D A ¥ %L MGO % FIV 72 Fe/MGO/Fe(001)-MTJ IZBW T, BF A4 D Mg & Ga lZ/\HKS A b
ZABANCEAR L, ZoOFRBABSIOMAE O OEIE 252 (=10Cs) 80 L7725, ZOHND T X LTk
AT 20 REXEIZ R LT — R A 1TV AE T, TMR, RA DO FIHT — % 2 1ERL L, Kbk @ Factorization
machine (FM) & &7 7 =— VU U 7 & #AEDET FM+QA T X 0, D A F 4 s 2 Filll L7-.
THIE - MTI SO —JFHEHE & FM+QAJEIC K 2 THIZ# VIR L, Sk L CRail7s MTT #ik
DG OIS F T B EE A i~ T 3.

Fig. 1(a)Di# ¥ , FM+QA 1%, AEtem & TMR %Hﬁﬁﬂﬁ‘éﬁ?ﬁ‘/ﬁﬂﬁ‘J@%’ﬁﬁ 1At T (FM+SA, BO, RS)
X VENTIEE R LN, RA OfclEibics

MTJ with high TMR

WTIE BO DM bIENTRRFREZ R LT, X =LE (@) = rsca (
2T, FM+QA EDEAMMET AR &+ W& -
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AT BRERNE NI, B F A L EFIOR
WAL 2 A, & TMR (K RA) Z5R7
MTJ Tl Mg (Ga) %% MGO Ji& 0 H ek (- 4
B LT LT e, B RERF R O 5,
MGO J& O -fEik iz Mg (Ga) Wi 52 &
TARY T7TEEIBEL (IR 220 Zh3E TMR

(X RA) OEJERTHDH Z &2 iro7- [Fig %F
1(b), (c)]. AHFZEI%, TDK & th, FHaf#e BE

(' JP20H02190, JP20K14782, JP21HO01750,
JP21K03391, JP22H04966, JP22K 14290, Fig. 1 (a) Searching efficiency for optimizing AEtota, TMR, and

with a comparison of FM+SA (simulated annealing), BO
JP23H05447, JP23H05447), JST (JPMIPF2221), (Bayesian optimization), and RS (random search). (b) and (c)

WPI-Bio2Q DIk % 2 1 TIT LT, Local density of states projected on real-space MTJ structure
showing the highest TMR and lowest RA.
S E R

1) K. Kitai, ef al., Phys. Rev. Res. 2, 013319 (2020).
2) K. Hatakeyama-Sato, et al., Adv. Intell. Syst. 3, 2000209 (2021).
3) K. Nawa, T. Suzuki, K. Masuda, S. Tanaka, Y. Miura (submitted).
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Tunnel magnetoresistance effect of magnetic tunnel junctions
using perpendicularly magnetized conductive cobalt ferrite electrodes
M. A. Tanaka, T. Ichikawa, D. Mashimo, M. Morishita, H. Komiyama, S. Honda, T. Ono, and K. Mibu
(Nagoya Inst. Tech., *Kyoto Univ., ** Kansai Univ.)

[TL&HIZ
ANV T 254 MCFO)IW A R A EA ST 2 URMETH Y . W HH OS] - Y BEREZ T
(00 )AL > CFO I3 K & A EEBERE T M4 R 37[1-2], Fex X Fe U v F D CFO #fE A (B4 2% &b & DfE
RISNF 2R 25 2 & TR NT & A EAEE L 222 D #igE A 7797 I-CFO (Insulative- Co,Fes.Ours (0<x<1))
& F' L F ' NFIET 5 2 & CilEM 4 /k9 C-CFO (Conductive- Co,Fes, 04 (0<y<1)) DOIEEBHALIFEZED 5y
TN TEDZ & adE LZ[3], 72, Mg 1-CFO D ko xR 7 0 Vv Z —5h 5% > T 100K
T 28% DN A RT A AEALZBIAI L7-[4], AR TIX, H— R RN DDA Y U 2R OB T ME
KB TRV A B E AR R NIRRT & 238 EMDO C-CFO (27 EH L, BEERALZ 7> C-CFO i % 58
@z‘rﬁﬂ’ﬁt T OGN Y T ORGSR b R NAEEGMTNFEFAER L, 20 MTI FFI2xF LT b Vi
LIEPUTMRZN R DORIE 24T 9 Z & T C-CFO D A & Ly ARh=R 2 38 L 7=,

ERAE

7V A L—H—HEFETE T MgO(001)FEMK E12 3> 7 7 J@ -CFO(20 nm), MTJ 3 1O Nk MR C-CFO
(20 nm), FEEENE R 2R ANY TG MgO (2.5 nm)DJIEE TRIE L 7=, = O kI EEBREEEEM L LT Co(1.0
nm)/ {Tb(0.45 nm)/Co(0.65 nm)}5/Co(2.0 nm) % 7= |% C-CFO(10 nm)/Pt(3.0 nm) D2 J@ [ /ERL L . 14 MTJ-1
& MTI2 & L7o, X BRIBIHTESE Cff S s &8 T EA ORI 24TV, SQUID REHGr 2 AV TRLIRIE &2 17
Sl FT7HMIVITTT 40— At A A2V T EHFAOTEEDNE pm O MT] FFE2ERL7-0b,
B TR (B 5 M) S AN 22 FIIN L ORGSR BTN E 21T BT S 4072 TMR 2058005 A B AN 251 L
775

ERER

MgO00 )t ETld Ny 7 7 &0 1-CFO & FERIENMEFEARE O C-CFO 1%(001) F I = B & ¥ ¥ LAk
L. EWROEEZZ T CHNG M OSIRELRDGFET D EBbootz, o, BALRIEND MTI E T HO
LI T HR -« bR & HICEER LA R L, C-CFO JB I3 mEMAETENFBL I N TNDE Z N
Drolz, BEKIHHEN S, MTI-1 #1713 100 K 28T EF Os@ia: g O R b SO TIRRE THRBUIE
INE L 72D —5%DAD TMR ZEDBUAI S 7=, —J57C MTI-2 Tl 100 K (23T BT OsffatkiE oRibss
PATIRRE CTIRBUE /NS < 725 +6% D IED TMR R BB S v7z, H—FEE R 25 C-CFO T A v
» H RO T IMEEIZ KA T Co TIXE A B L 2R OB - H/MmEic LAY 722 728, C-CFO & & Co & %
VN2 MTI-1 Tl A O TMR Zh 30 %ﬁ«ﬁﬂén R osEENEEIZ C-CFO J& % V7= MTI-2 TIZIED TMR Zh
NEHI SN EEZBND, LLED X 512, ABFFE Tl C-CFO I Xk A |EHAL T kv x84 0E
FUZER T L7z, MTI22 TBUEl SN TMR b P2 ) =— O TREED H 172 C-CFO JED A B FEAR)
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[1] H. Yanagihara et al., J. Appl. Phys. 109, 07D122 (2011). [2] J. Okabayashi et al., Phys. Rev. B 105, 134416 (2022).
[3] M. Morishita et al., Phys. Rev. Mater. 7, 054402 (2023). [4] M. Tanaka et al., Appl. Phys. Lett. 122, 042401 (2023).
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Theoretical study for (111)-oriented magnetic tunnel junctions with SrTiOs barriers

K. Masuda?, H. Itoh?, Y. Sonobe?®, H. Sukegawa?, S. Mitani', and Y. Miura!
(NIMS?, Kansai Univ.?, Waseda Univ.®)

[FLHI

WRT v HE LT 7EAAEY (MRAM) ~DISHD T2, A b RS (MTY) 1@ b o LA
it (TMR k) & RERBEMKESE PMA) 20T 50ERHL. ZOX I RFERNL, BAIXINE
C fee SRBEMER D111 5 M 2 g Hm & L7z B (1D EL A MTIZ O W CHEGRIFZE 24T > C& 72 [1,2]. Fexlx
b RVRERE L LT M@0 & 2 MTI I OW TRENT 2470, 2000% % #E 2 5 miv > TMR B & L1 SlfsdE &4
DEFEICHRT 2 RERBERKEGENWNLT 52 L2 FAEL TE 2 [1,2]. Loy LAL)EL R MTI @
b RVEEREIL MO IZER B2 b D Tlid/e <, TOMOWEIZOWTHET 5 Z LITHH MTI O 72 2% /]
HEMEAZBRT 5 ECEETHD. £ TARIIETIE, b xvpEiEs U CRLEMICEE &R Z R LT
72 SITiOz Z B v EiF, 2z Auv=(11)E M MTI @O TMR ZhRICHOW CERR R 24T 9 [3].
BIEE - R

ABFFECIL b > R OVRERE & LT SITiOs, Safgttmms L<  (a) X/StTiOy/X(111) (X = Co, Ni)

fcc Co (Ni) V7= (111)Fdm MTI [Fig. 1(a)] 28T 5. = P - o P ]
B MTIITH L, B BIRE R S < o — A l"; %ﬁ*&%&e ﬁ”
- 0 O° o° ™

& Landauer AR Z AT 5 Z L TTMR EEZ2 5 L7 [3]. %._’ /- 9. ‘,O
FEMT DB, Co & V7= MTJ T 534%, Ni & v 7= MT) T CoorNi g,
290% &\ ) HIRHOE O TMR S Bz, 2o k) v (b) Up Down

TMR DR 2 51 25 72 DICE XSG E O NI (k) KAF
VEAAAT LT= L 25, DRACVIREBICB T 5 a v 20 20
ADT K [k=(0,0)] I27r— R —7BfERINTZ. T 1} Ap.p)
ILARREHETERE Co, Ni /3L 7 DY FHEREZS TMR 205812 3 <
BT HEEHZTNWHAZLEZRLTND, £ TIRHDON
v RS A BB 72, Fig. 1(b) 12 Co D A #f (D S5 k,
FF NN D & kR T T ISR TS) oo S RS
TR, AVIRREN S 2R B R R AN—T A Z W Z A LT
WD ZENDIND., O N—7 A% Co & SrTiOs D
P RO R BT L 0, Co TR KT Y BEns = & 3 5 =26 e
(CEDAL S, T STi0s DR FIEOMITN O A 61 ) nercell of XISITIOWX(LLL) (X =
IR b R VRRER T/ D SRBREE RS, M FMEE ¢ Ni). (b) Up- and Down-spin band

(¥}
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E-E, [eV]

'
)

Ay(s, .. dz)

THBELREENZ R 2 LRSI, LR, structures along the A line of fcc Co for the
AEE B LT T TMR H IS MBEE R D A IRREIZ 251F B v UNIT cell with four atoms in each plane. From

Ref. [3].
TAAINPZ Lo THRBEINTWD EFERSITHZ ENT 3]

&5 [3]. ASAFZEIL ISPS BHiFE: (JP20H02190, JP20K14782, JP21H01750, JP22H04966, JP23K03933) K (N ST
CREST (JPMICR21C1) DL T TITbN- b D Th .
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1) K. Masuda, H. Itoh, and Y. Miura, Phys. Rev. B 101, 144404 (2020).
2) K. Masuda, H. Itoh, Y. Sonobe, H. Sukegawa, S. Mitani, and Y. Miura, Phys. Rev. B 103, 064427 (2021).
3) K. Masuda, H. Itoh, Y. Sonobe, H. Sukegawa, S. Mitani, and Y. Miura, Phys. Rev. B 106, 134438 (2022).
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Dependence of magnetic tunneling properties of Fe3s04-MTJs on barrier material
Katsumi Yoshino!,Shoma Yasui'!,Seiya Yokokura?, Toshihiro Shimada?, Taro Nagahama?
Graduate School of Chemical Science and Engineering, Hokkaido University!
Graduate School of Engineering, Hokkaido University?
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—41.5 %, MgO /XU 7 % iz MTJs TIE 125 K ICBW\WT—43.4%& ., 15
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1) Shoma Yasui et al., Physical Review Applied 15, 034042 (2021)

—216 —



29pB -7 54T AR F 2 AR 2R (2023)

CoFe/MgO/CoFe(001) magnetic tunnel junctions with giant tunnel
magnetoresistance exceeding 630% at room temperature

Thomas Scheike, Zhenchao Wen, Hiroaki Sukegawa, and Seiji Mitani
National Institute for Materials Science, Tsukuba 305-0047, Japan

Magnetic tunnel junctions (MTJs) are a key component for spintronics applications, such as sensors and magnetic
random-access memory (MRAM). However, the resistive change of MTJs, i.e., tunnel magnetoresistance (TMR) ratio,
is low even after several decades of research and development as compared to other nonvolatile competing solutions,
such as resistive RAM. Recently, we have demonstrated increased room temperature (RT) TMR ratio exceeding 400%
using single-crystal Fe/MgO/Fe" and Fe/MgAlO/Fe? MTIs, doubling the previously reported ratios of Fe-based MTJs
by careful optimization of several key layers. The results further emphasized the important role of interface properties,
i.e., roughness and oxidation, on the transport properties. In this work, we show the effect of tuning of Mg and CoFe
insertion layers at the interfaces on the transport properties leading to increased RT TMR ratios.>

Epitaxial MTJ stacks were fabricated using an ultra-high vacuum magnetron sputter: MgO(001) substrate//Cr
(60)/Fe (50)/CoFe (dvot)/Mg (dmg)/wedged, electron-beam deposited MgO (1-3)/CoFe (diop)/Fe (5)/IrMn (10)/ Ru (12)
(units in nm). Each layer except IrMn and Ru were in-situ post-annealed. MTJs were patterned into elliptical pillars
using photolithography and ion etching followed by ex-sifu annealing. Transport properties were evaluated using a
standard 4-probe method. For low temperature measurements, a physical property measurement system was used.

The TMR curve of the optimized MTJ structure is shown in Fig. 1. A maximum RT TMR ratio of 631% was
obtained using dyo = 2.24 nm, dvg = 0.6 nm, and diop = 0.56 nm, which exceeds the reported TMR record of 604% in a
polycrystalline CoFeB/MgO/CoFeB MTJ.¥ The TMR ratio is strongly dependent on the MgO thickness showing a
significant oscillatory behavior with a maximum peak-to-valley difference of 125% at RT. The temperature dependence
of the TMR ratio is shown in Fig. 2. The TMR ratio increases monotonically with reduced temperature and reaches a
maximum of 1143% at 10 K, demonstrating a high tunneling spin polarization. Our results show that TMR ratios of
well-engineered interfaces of Fe/MgO/Fe-based MTJs can be even further increased, e.g., by tuning of electrode
composition and thickness, etc.

The work was partly supported by JSPS KAKENHI Grant Nos. 16H06332, 21H01750, 21H01397, and 22H04966
and is partly based on results obtained from a project, JPNP16007, commissioned by the New Energy and Industrial
Technology Development Organization (NEDO).

References
1) T. Scheike et al., Appl. Phys. Lett. 118, 042411 (2021). 2) T. Scheike et al., Appl. Phys. Lett. 120, 032404 (2022).
3) T. Scheike et al., Appl. Phys. Lett. 122, 112404 (2023). 4) S. Ikeda et al., Appl. Phys. Lett. 93, 082508 (2008).
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Fig. 1 TMR curve of optimized MT]J at RT. Fig. 2 Temperature dependence of TMR.
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Fabrication and analyzation of magnetoresistance device with composition spread layer for optimization of
interfacial electronic band matching
V. K. Kushwaha, R. Toyama, Y. Miura, Y. Iwasaki, Y. Sakuraba
National Institute for Materials Science (NIMS)
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WES . IARIRRBRZEM D DA ZA)—T > MIEOESRENE 2B T 2 M ERCE A S 2 3 Tk e L
T, HJREEEE & BT 2 A U7 TIEBZER ADDME 2 72 0 B IS ST 5, BEEMERC A &
v ha =7 AMBHZBW TR, 1ERM BN TWRD 2 T2 KR E RBMERo A B U R 2 4 D HHM B AT
BIZE o TPRIEN D, EBROIZHLEEIN TS D, —JF, ARSI b v ROU SR, A
VHEARAE VA MV LN o e AV UARIFIEBIZR I W T, MBI L7 & L TOMEIZINZ T,
Wt/ FEREME AR S R O, FRIC IR TS KA LIt R S R & 2B e 5.2 5, L LAE%E
B UAEFRITEE a2 2 @< BEEICR D 0T — X 2@ EICE L DI RE TH D,
BT, RIBZEM AL &, mVMEREZ AT DALY b= AT, AEBAEAT 5720120, Bk
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