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Introduction

Materials with negative spin polarization generate a spin-polarized current whose spin momentum direction is opposite
to the net magnetization direction [1-4]. Such materials are of growing technological interest as they can implement new
structures and operation of spintronic devices beyond the limitations of conventional positive spin polarization materials
[5]. Mn-based ferrimagnetic Heusler alloys Mn,Val (MVA) are expected to possess high negative spin polarization
originating from its electronic band structure with a gap in the majority-spin state. We investigated sputter-deposited MVA
thin films by examining the effect of composition on atomic ordering and by evaluating magnetoresistance (MR) and
spin-transfer torque effects in current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices.
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ordering in the off-stoichiometric compositions, as M; of MVA & \?’@*é\v&ég & e @\EQ

is sensitive to disorders. Figure 2 shows MR curves measured Fig. 1. Composition dependence of M and M; ratio

in CPP-GMR devices consisting of MVA (10 nm)/Ag (5 for the MVA samples deposited at 600°C.
nm)/CoFe (7 nm) for the four MVA compositions selected with

respect to the higher M; ratio. The MVA layer was deposited at

500°C. Negative MR was observed in all the composition
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negative spin polarization of MVA through the improved
ordering. A maximum negative MR ratio of —4.4% at room
temperature was observed for the Mn» >V sAli» sample, which
is currently the largest reported negative MR in pseudo-spin-

valve CPP-GMR devices, indicating very high negative spin T, Veshls MraaVo Ak s
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. . ... . . . Magnetic field, yoH (mT Magnetic field, py,H (mT
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Fig. 2. MR curves measured in CPP-GMR devices
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Fig. 1 Co-Mn-Ge compositional-spread thin films Fig. 2 Mn concentration dependence on AMR
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Fig. 1 Time stamps of antiskyrmion motion for the cases of (al-4) input 01 (b1-4) input 10 (c1-4) input 11.
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HATGVT 4 EFFORAXNIF L OHEIab—vay
LTS ER i RN I e 3 IS N L P <
CrEEA, 2Rk, P HIER)
Simulation of Duplication of Skyrmion with Chirality
S. Yamadal, K. Yamadaz, A. Hirohatas, Y. Nakatani'
'The University of Electro-Communications, *Gifu University, *Tohoku University

X E®IT

TE, L—=A N7 v 7 A% ) OmBREEOFREEE LT, MROBEEEZFF>AF 114
Y OFMABBEI SN TWDIL,2], e THIETIE, 7 ey RRAX LI A DA T )T 4 DEIY
%2?%&\%®ﬁ4?)?4%ﬂﬁ’i@ﬂﬁ?é%&ﬁﬁiéﬂt&ﬂo7ﬂy$@1#
VA H IR B 1 OIS A I B A6 5%, HETIEIC O T OB
EFR IR TR, AR Ti 7m/fmx%w A BB L, WA T VT 4 e lRf
LeEERET 2T EE2Y I 2 b—2armHAVWGHE LT,
HEEMH

YIal—iarigeA s u~l R T4 v IV ETAERANCITo, VI al—i gy CHW-MEHE
BIIEIFRAE M = 1600 emu/cm®, 5 PEEHK, = 16.2 Merg/cm®, MR T 4 v~ 7 R AEHA =
1.5 X 107® erg/cm, DMI E#D = 0.54 erg/cm?, Rek[AliEtby = —17.6 Mrad/(s- Oe) & L7=, I =2 L
~ya/ﬂ%immwx%awx1M@mFWKY$%mMELt@%W%ELt@gDoE¢
DF IS BIEER =Y 7 & L, BRI FEET 2R AT A IAITIADLZENTER
WU 7 e L, ERFEEREY 7 ORGEERITK,, = 81.0 Merg/cm3 L L7z, I a2l —v
2 U TILY TR O LS A X VI A ZEE L, A5 ~EIREE] = 10~400 MA/m?2 CEHLER
5282k, YFEODEGE TORFNVI A O5EOFEEZTHE L,
HERE

FREEHEI D D7 vy AR AR )L I A A ERIENT 5 & j =25 MA/m2LL T & & mEGMEE
BV TOFEITIEESTZA, j=26MA/M?LL LD L & AX NI A d@mBHEERT ) 7 D%y
T2 o0 Wisni, 20L& EHIZIEINAT VT 4 2Rz AL I A V3B, FHIZ
AR URBNT-, FFEDOERET TS Ar AZxt L TN RO 2z 5 Z & T,
Ty RIAXNVIFAE L TEDL AR LT,

Electron flow
direction

Fig. 1 Illustration of a Y-shaped Fig. 2 Initial position Fig. 3 Appearance of
nanowire with high anisotropy area of'a Skyrmion Skyrmion and meron
23R
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SRR 31 2 KSR 22 R U 7o bl S e il 4

ANHIENEL V234 BRAEAT ' TEEH 1238
(VBRKTERF. 2B A CSRN. 3P OTRI. “IST & % 7251F. S # 4k A SRIS)

Control of magnetic properties using hydrogen in ferromagnetic thin films
T. Koyamal’2’3’4, N. Seki', D. Chiba"***
('SANKEN, Osaka Univ., 2CSRN, Osaka Univ., *OTRI, Osaka Univ., “JST PRESTO, >SRIS, Tohoku Univ.)

X LHIT

A hr =7 ATEH—ERAICRBEESIE S WV S5, RIERR R T IS B3 2 mER R T[]0,
& SRS PR MR AL RIZ IR IT D T ¥ 2 S0k [2] H2OWIEFRE Y v = v A% — « SFRMHEAEH
[3172 EMXFENBINTHIFE ST D, Il Tl S8EHE 2 e Bt bR E 2D Tnb, LavL, £95 L
BAEHC BV TR, RRBBICEI DML T BB R A —VIC L > THARMERSILLTCLE) Z e LIE
LiIdfEfi g (4], ZORMEEZMRT 572010, Fox FREEEFICS L CEA BRI LWT N, A7 mk
AL LT, AKFE H) 7T=—NROMEEED TN D,

EXL Wik

AMFFETIE, Ta(2.0 nm)/Pt(2.5)/Co(1.4)/MgO(3.4) % Ja i & 2 B o U = Bt Bl ANy & U AT
R L7z, 2D0%, AU IBA T AZEANLIZEZET ¥ U —NTEEZT =— /L LTz, 7 =—/WiiE & RFHiX
ZNEN150°CE 1 FEHTH D, F7o, CofEE TRIUBE L 7% A2 KRR LIS, TOo%EREYX v v
7@ LTSI BT D Hy T = — VBRI OV T B AR,

EBRER
1 \CHAIEAEH T OBERTE— A b Mst OEEIEY Ho RGMEZ T, BEEH O asdepo I T

I LIRBEER) 72 R 2 ZE VMBI S U2, ZAUE MO B & BV ARy XD — (120 W) CTRIE L 72728 Co

JBIEBE DR LA A—NAD . fERE L TN E LD THDH, —F. H 7:~/I/7¢"ﬁ07‘:ﬂﬁ’661

W2 e 27 U ARBIIIEN D, Z ORI, Co BRBRENZERL S A —2 %% 1F 7= Pt/Co/MgO fr%if Iz

WTC, Hy 7 =— U Ko THEEMHEIREENREIE T 5 Z L 2R LTV 5, 2RER L L T Hh 2 AT HZE

— VBT S EETRIEZ T T2, ZOBE Mst- HL— 78T R 6oz, LIz T, %ﬁ/ﬁﬂé

NI BRSO ZEAIT®T L C Hy MM EE 5% 2 17

LTV EEZLND, #ETHE, Xv v 7V BORE 8.0

IZOWTHBRBEFETH S,

= - asdepo
——anneal w/o H2

g
o

==H2 anneal

BEE

AT R L BRI ZE(FA 2F), JST S E 23T,
SCERRH A R MEAR Xenics B ARAI AL R 3,
AV hu = ZAEHEEE SRR ' v X — D3R
AT,

LMt (x10°1° Tm)
EN o
o o

_8-% L L
-0.2 -0.1 0.0 0.1 0.2
EE AR toH . (T)

[1] S. Tkeda ef al., Nat. Mater 9, 721 (2010). [2] L. M. . , . .
Figure 1: Magnetic moment per unit area M¢ as a
Miron et al., Nat. Mater 9, 230 (2010). [3] T. Koyama et function of perpendicular field H.. The results for the

al., Sci. Adv. 4, eaav0265 (2018). [4] H.-K. Gweon ef ¢/.,  films annealed under different conditions (asdepo,
Sci. Rep. 8, 1266 (2018) annealed without H, flow, and annealed in H, gas) are

shown.
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R R MRS A A 2 BRIEZ R L 7o R 22 50

K KBE, Infg WIS
(A AT R R)
Modification of magnetic properties by resist mask with graded thickness and uniform ion irradiation
Daiki Oshima, Takeshi Kato
(Nagoya Univ.)

[XC®HIZ
JEE N T T OBEREFEDZETHIC L 0 A E L b =7 AT 8 R THT- R BSREME DM 5. 85 2 L s &
nTng Lo, ﬁ%%ﬁ/%%&iwﬁ%ﬁ®@b%@%ﬁ%m’3ykm%wﬁﬁéﬁﬁf%éﬁ IR

T V=R —VEBHIZE VIR LR LR MEZE L T AR5 2 81 PP OO 1 SR
T A e R AR 9 D i 2 1R R T 5.
RERTTE

B R — VN RBEIC K0 /T e 2 T i3 5720, ~ 7R b ANy ZIEIC KD ERIL -
[Pt(0.9 nm) / Co(1.1 nm) / Ta(0.4 nm)3 f&fE@EZ 7+ N U YV 7T 7 4 BIRAr A A I Y 712D A—nn
—IRITIN T U72t%, BEL VA MEBMA L, v A7 LA DL-1000 2 W THR— A N—Z0n5b X H
(27 b= A — VBt e Elm Lz, RV A MR O FBMEHS 4 Fig. 1 (TR, 2073 X2
Kr' A A N 2 — kRIS L, JRPTRY 2R RS DS &

ATz, B, YIa2b—yarhnb, 100 mBEEOLY
A FEEBTEDTRAX—THD 100keV TS L7-.

EERIER
Fig. 2 (a)lZ Fig. 1 DRI > TR LI LY A b~ A
®ﬁé7m774W%rT.ﬁ%®ﬁmiﬂ& PE2LIES
Thsd. MTE2 20ORF—rDFa 77 A NVERLTE
D, 1203V VA MNERICARZZIT=HD, 9 12134  Fig. 1 Grayscale lithography over Hall-bar
BLERITTWARAWNWLEDTH S, LA MEEICAR Z3%F  structures
ERB IS LI LY R NERRR-TEBY, FL—
A — VBRI X VAL VR MEPER SN Z LD
5. =20 ~ +20 pm ONAEIZFR T AR —/L 7 v ZDRE R
— VBN RE OFER DD RAE S o 72 ERN R TR Hierr D
% Fig. 2 (b)IZ79". Pt/Co/Ta I&A A > PRSIk L H
W& Hier NI T 5 Z ENRb-TEY, —RERBREHNIR L
LU A MNERHE D A PYCo/Ta FEFEMEA~D A A o b &
ML 72D 2 EMTREND . EBS, Her l ERERTE D HIK
TLTEY, VYR NENELRDHITE Hier MK T LT
DERFRBISND . SEER L 7Z3EIO Hier DARBLIT 25
Oe/um & RS HiL, ARFEIC LV IEFITRE ZRmE AR
RN FRE TH D Z L RSz,

BE R

1)  G.Yuetal., Appl. Phys. Lett. 105, 102411 (2014).
2) S.Lietal., Nanotech. 28, 31LT01 (2017).

Fig. 2 (a) Line profiles of resist height in the
grayscale region. (b) Position dependences of
effective anisotropy field Hietr.
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3RITHER AT Y D7=D D CoPt BATIED % FimFE D FENT

AT A, PHELEE* Md. M. Hasan**, HFAER*, ZERRSS M1+, H)1] 5k
(FHUR TR, ** AR R SE)
Analysis of deposition process of electrodeposited CoPt films for three dimensional magnetic memory
Yota Takamura*, Tongshuang Huang*, Md Mahmudul Hasan**, Yuya Tanaka*,
Mikiko Saito**, Shigeki Nakagawa*
(*Tokyo Tech, **Waseda Univ.)

Wt 7 A2 @ B IR E L7 3 ROt A & VIR OEH A & Iw—“/“)( EV L THIR SR TY
5. ZO3WITHER AT Y ORMET 2 RHEE T A7 ME & <AFRT 5729121%, 3DNAND 77 v o=
Dy F 2 THANT T LTc T/ AR— L ORI > T ETCTRaMERE %ii&’)ai\@_ ERENTHD. ZNET
Hx 130> ZYETHE Tom O CoPt IR Z AL L, @ WM & |MEM KR 2RO L 2R L TE 2.
£, ANy ZTER LI PtJEN 5 CoPt o ETEICAE U NEASN, BbomENE Lz &b EGE
L, ®o &34 2BLEAN OMA ATaEtE 2 R L7z Y. £72, A7 LAV TES 100 nm, 5 S
Bt um OBET 2 €T —H R LT Y. O XD R OEWEMEAEIZ I WL, BN Dz < BT
DRSSP LR S EHEETdh 5. AWFSE Tl CoPt RO EHTIZI U THURRF# 2 151X L, 2 nm-20E nm
F TOFICI T 5 B —HEBREO R RIBIR IOV TERZ{To 7.

CoPt JBEIE, Ay & TR LTz Pl @B RO BICEBTE SV AEIZ X0 B Uiz, AR ERD 7
5 120 ORI TEL S 72, ZOMOFEMR BT RMFITL 2 LR CTHS.

Fig. | |{ZEEHTREH] & L EAE & 72 V) Ofafiféft My OBIfRZ =7, HE 2% (8 40 nm) TELT D
B 7o BB 2 7% U7z, Wi s A e 7B alasn ©, 30 BOIENT L7o3 B ORI 7 nm 725 72 D%t
L, 60 DO HDIE 33 nm Eo/c ZERDhrolz. L — FBEBGET T LIz B X b, Ms OEE
DEALE, BHHEN LR o7 Z LIZHIE L TNWD Z & T TE 5.

NS OFEHIR LT, XRD IZ X D5 aiEEMAT 21T > 7. Fig. 2 12 hep #H CoPt(002) & CoPt(101)UTfH D
BT 5— 2 2R3, (002)EHFTIES 7nm OFREHIIB W TH 72572723, 33nm UL EOFETIXAAMIZ S
B, ZhuF, 7 nm TP D DO OT B2 5| & F o7kl kE L T0D0%, € ORE 1k
M Z Y, 33nm PLETIIOF AR SNIREEAEE LTS EMRTE 5. £72, 33nm L EORET
FAODEDEHT BN TER Y, MBS LMONDOERIHL B2 HND.

ABFIEDO—FE, JST CREST IPMICR21C1 O3 EE% 1z, BIRTHERFA—T 77 VT 41—k ¥
=B FE~T U TN Y Y —TF A 7 T ORI R R ST T
CoPt hep 002 CoPt hep 101

0.01 6000

< ] |
£ A4 = .
= o £4000¢ :
g 0.005¢1 Pt %‘ E
= 7 & 20001 !
» s = !
S -7 = :
0 Py & . L 0 — —
0 50 100 150 42 48 50
Deposition time (s)
Fig. 1 Magnetization per unitarea versus time. Fig. 2 XRD patterns
L Z DN

1) Y.M. Hung, et al., J. Magn. Soc. Jpn., 45, 6 (2021), doi: 10.3379/msjmag.2011R002.

2) T. Huang, et al., IEEE Trans. Magn. 59, 1301005, 2023, doi: 10.1109/TMAG.2023.3298911.

3) T. Huang, et al., ICM, Italy, 6.02_264, 2024.

4) Md.M. Hasan, et al., Intermag, Sendai, Japan, 2023, 1-5, doi:10.1109/INTERMAG50591.2023.10265078.
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NRB YA INVBEERICBITANERMEYAY Y F—ILEhER
IK S, SRIEVIE, AR R
(B KPR T, * 5URHR)

Intrinsic inverse spin Hall effect in topological superconductors
T. Mizushima, J. Ogihara, and T. Matsushita*
(Osaka University, “Kyoto University)

1 ELC®HIC

B, PRBY—CESKHUVCEBNLE Y, HELBETHAEZRD MR Y AVENPERINTEZ. ZobFRavsh
VB EILBEERE~NBRAI N TVS. BEOBLEEARTIE, R PHEOZDIZHBROIAINF—PRETHE. —K
T, MRBYHVBEETIE, SVZIZHETAHEEBR RO Y —2 KL T, 20T vy (M) 12Xy v 7L AUk ik
PENE, Ty V2 EETLIER PR FER—IVIRREHTREER R LS5 T L HFIN TS, kxR bR Yo
EEDEMYENI S22 B—HT, REMKRO YV EE KU 72 8BRS R R OB E > TV,

—}HT, BEEEKERAWEZAY Y M OS2 A, ThbbEEEAY Y b
SO AMEEREHEZBTTCNWS VD, BEER2EOREE2 A bO=2 A
t@AIELZ LT, ISHETORMAM/FEINTVS. — /AT, AV b
O=7 2%, NRBYMIVBEEL Y E2EUIEEEIBEECB T2 HGE
THRAZHERT 2 ECORBBELRFERNTIELRVES. EBIZ, bRaYh
WVBEEDREWE D% FAY Y 3 HIEBEETH Y, R FIZMXT
I—N=xHACVHHER2ETS. £/, MBRERRPT Yy VEREET L
KL FRhE S, NV BEED AV HEERRFREZ KBLL T, R A
Yokt az AT 5. A Moo 2A0BHE N EEMiEHAWEZ T, b
KB D IDVIBIRER O F 7z 2 [IE A3 0 B n 5 L it h s 39,

Fig. 1 Schematic figure of a topological

superconductor/normal-metal junction.

2 MIREMEHER

RFETE MR INVBEREARAEVIREE2EATEIILT, TONHEP PR Y -2 KB LAY VRIS
EHMMAICHSNIZTZ2IL2ENE TS, M INVEEED L VEIANY IVEEELFEUESE L OBEAREE X,
FWESBU»S A VYREEATIRNEZE XS (Fig. 1). i Fik e LTI, Bogoliubov-de Gennes (BdG)
FRAPHMELER R LY E2A VWS, BIG AR, BREREBCTOUER 7B & I2H 9 5 Schrodinger iR TH
D, BEAZWMHRE L Vo ZRDO RO YAV LRTEZEMIZHDIAATHMER LR E2HBRTIILNTES.

N B YAV RO Ml L LT, BRI, Ao VBRI Lo ‘ ‘ ‘
ANV IOVEIREIREE B X 5. WL, R FE 2 AR > 7o Topological SC Normal Metal
EERIETH D, ABOT Y DIT, A VIR S THED 101 D AL 08

W BN TNTy SRENSENS. BEE, RS R 7z b
A0 YA VBEERETH D, Ty VEEOAALSERTFOAY Y OREE 2
BT 3. SO ehs, AT VBIEEKE Y DVBESKE, ThE  §
N, BER—VREE RTAY Y h— VR L A D Z e s S
5. RFERTHE, ZOFEAWR MR Y —IZHRLEZIA TN - ~NY BV

T/Tep = 0.2

Ty URERED LS ICAY VIR EES ODHERT S, ~) HVBEET 0 T/Tg = 0.9
RIEAINB AV VR BERSAICERNEND [H 2 R— L5 ol g o .
MWELSZ %R (Fig.2). —/AT, A4 IVEBEEEANZE V2 EA zi/a

TBEEERZLOICAEVREINTENDS AV R—LHE] B2 &%
AU, INDRF vy —rvBTHREINE bROIHIVEEHKTH D Z & 23
FERER

Fig. 2 Charge current density along the interface,
where the spin current is injected into the interface

from the normal metal.
References
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T2 BRI Ok 3L 7= Ta/VIND BBAEE A T F-~D A B 1A

RRF R Y, BRER L, TRV b, B F5H8 L, AR R B2, EEME KRR b2, sEH G — 12, NEps b2
(A HRABAE, 25K CSRN)
Spin Injection into a Noncentrosymmetric Ta/VV/Nb Superconducting Artificial Lattice
R. Kawarazaki?, R. lijimal, F. Tokoro!, H. Narital, R. Hisatomi® 2, S. Karube®-2, Y. Shiotal 2, T. Ono? 2
(MICR, Kyoto Univ., 2CSRN, Kyoto Univ.)

IXL®IC

22 [ BRSSPI O R 7o BB, MBS AN I SR v OBREIRREIC 22 288 7 A A — Rk
1R, 8 OBREIRIZI T 2 ARG OB T CTh 2 30 VIR 428 2 2 LEE s 2)78 & OFFR
RME AR 2 ENOITEER 2O TV D, ZE M PR O T2 BB T, 7 — =D A e
— I - SHEERSPRERT D NS TEY . 2 ORKOERERMEC S 2 DR BT OV THBEA
FF-n T 5 3), Bx I Z ORBCIREZFHNT 5 ik s U CTRBMERBIC I 2 A RO B JICER L
4), AR T EE, BWBHI A 7 ik a2 A U CRBBEMHIRDORKE— A & N OB EE) & i S
% (FRIEVELLIE) L ZOMAEEEBNA SR E L TAY UK EMNIEN S A U AEREORNE L THET S
WE~LEHET 285 THD (Fig.l), AV MPBEET DME~ S siE T 5 & amBEIEIRIT I 1T DL Ok
ZEEEBOWRDRKEL 2D, LIGAT R ) b IREPEIRICBEE T 2B T 5 A B LB G 451
T2, Ay —HEBRERIT —_—dDAC U AEFHENEr THLH—FH T, A —HEBKRE
T — "= P AE BB EZ AT 5700, AV —HEBEERE A = HEBE SR TIEEE
BOWRERFEMITR R D 5-7), AWFIEILAE M R O T B8R D FIZ@EgtGeTh 53—~ n
A4 (Py) ZHE S E72 N LEZREIEIC I T 0= EE O AR A2 T~ Tz,

ERGE

72 [l BCHn PRI O B AL 72 [TalVIND B AR E N T+ |k
2 Py 2 S 7-EHC W T, BRI (TR
e CHRBEME LIS INE 2 35 272\, IR EE (@) DR KA
PED O IRERA~D AV U PEBER R 230 L7z, 3k %
0T 72 7 —F 8 I AN N B 7 F LRy B
T—0T7 74— TEEKERE AL, AT
LTG5t 3 2%l LI E 0BG 4R T Sa/ T A
— X DB KAFIE &2 AR E CHIE Lz, o2
7 RVIN BRI ER A R DT,

EBAER

Fig.2 (IR E M aD i AT AR d,  [Ta/VIND]
R8N T OBIREERBIRE 2 TE 5 & X1 3— R
WEBMPERT D Z LI Lz, ARERTIEIERTH

Fig.1. Schematic design of
measurement setup

BTz Fig.2 ORIRIC SV C#T 5. 0.0060] |

BE T iy g §

& 0.0055} ; 1

1) F Ando et al., Nature 584, 373-376 (2020). E i I 1 Is I ; 11111 )
2) M. Sigrist, AIP Conf. Proc. 1162, 55-96 (2009). i
3) E.Baueretal., Phys. Rev. Lett. 92, 027003 (2004). 00050y | T.=36K ‘
4) Y. Tserkovnyak et al., Phys. Rev. Lett 88, 117601 (2002). 5 : 7 3
5) KR. Jeon et al., Nat. Mater. 17, 499-503 (2018). T(K)
6) Y. Ominato et al., Phys. Rev. B 106, L161406 (2022). Fig.2. Temperature dependence of
7) Y. Ominato et al., Phys. Rev. B 105, 205406 (2022). damping constant e
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26pB -3
EREGEZE T 2HEMEERICET 5 SOTHILKIEES I 21— a v
JREASORER 1 (LA 2, e !
(' EEKR, 2 IRK)
Simulation of magnetization switching by SOT with tilted perpendicular anisotropy thin film
K.Harada !, K.Yamada 2, Y.Nakatani !
(! University of Electro-Communications, > Gifu University)
IFLC®IC

2 ¥V EAE KR % R L7z MRAM O H T, SOT-MRAM & & (bt ol & = 4L
F—DEBIERTE 2 LTEFETEHEIATWS D, LiL, EEBULRESRO SOT-
MRAM T SOT D& & 3 L KB DHIFEDHEETH b | HEERBENIZDZD121E 7
SR NNEPBETH D, TR NHRE L TIEEAC DMI EMHREIATNS 2 25, &
FFZECIEAE A (Fig. 1) 1I<EH Lz, FHENROMBIRBEEEE I, ZT0EA
TEAIWEBPEET 2ERESEEEX, v4 7892 T 497> 3Ial—Ya
T & DERME D 7 > 2 R R R L 72,

BHEAM

42 15 nm. EE 2.0 nm O PR E MR e U, 2R TR 1.875 nm THERL
b U7z, MEFERNZ. BIFIBHE M, = 600 emu/cm’, B7HER K, = 0 ~ 6.877 Merg/cm?,
AT 4 v 7 HRER A = 1.0 x 1070 erg/cm, BEREEELE [y = 1.76 x 107 rad/(s - Oe).
HEEMa =10, RV A=A O=10rad & L7z, Z I THWEEHHERIIARE
MBS A =60 L7223 THD, BEGHOELTORAMEBOM (KM, KMin) 1%
Eq. (1) 2ii/=3METH 3,

K™ 4 KMin = 6,877 Merg/cm® (1)
A2 YDHENZ MU F=(-1,0,0) Lk, BEREEE I =05~35TA/m?. &
MoVLRIE%R 1, = 0.1 ~ 1.0 ns ORIZ(LX €, EREFHEE T IRMEEREFICBIT3
SOT b REEDZELE Y I 2L — a > TN,
BRRUER

EREFEEZET 2WEHRETICBY % SOT b REEOK T LT, BAMEK
D% (K{l“a",Kl‘;‘i") = (5.877, 1.0) Merg/cm?, BRHEE% I, = 1.0 TA/m?, L XIE%
t, = 1.0ns ¥ L7358 O PRI (0) ORMZLZ Fig. 2 1TRT . MBhTIR, HKHH
T RROBAL O FMmA ORFHZAL. RS EF DL (—x ) ORIL D3I D
WREfZE L. BROBRTOEFT (+x M) OB O FImA DR AL 2% T, Fig. 2 X 0.
KT oMo IV LB TEFOLEMOBLAEHNTE D, RFOL
L CTRLORFED N T VB Z e 00Tz, Ehoy BRI ALF—DRKEVHETOD
FERIREBDOBAEDS 0.5 ZRZTKREMANTE D, ZhEHZT L RIETETRZ YIRS
% Z L THEERBMUIENET T2 L B X 6N b, KITEF N —RRAR R HIR & R
FHEEE T 2BMERICOWT, EREE L OVREEZ(LXERO, BIRYIE 2 ns £
DERIELI 72 AL DZAL % Fig. 3, 4 1SR T, Fig. 3 XRGEN—HE R BIEER O
R, Fig. 4 JMEMESTEL AT 2 MIEHEEORR TH b ROEEIBEILIEOR 2. F
GBI IED R Z RS, Fig. 3 & D BATEN—HRRBEMER T, BLEEO K
BOHMERED X 51BN B Z e 23 h oz THUTK L Fig. 4 X DERE AL H T 5/
PR CIE, BIREEL AN S WS IOV RIRIC & & TTHYLREE 2 2 3 A5
NBZEBTh ot Eiz, RIKEERBEIZ 09 TA/m? Lo TED ., BAFEEI—F
RHHEEEOZE D 1.1 TA/m? 12 LT 18 % KIRL Tz, ZoOFK e LTk, @R
BAMIC K o TAECEEAEZINF —D/ NS WHTFOEHFEBROBE— X > FAEE
D HHENPTRoTVEIELEZOND,

BEXH
1) F. Oboril, R. Bishnoi, M. Ebrahimi and M. B. Tahoori, IEEE Trans. CAD., 34, 3, 367 (2015).

2) J. Watanabe, K. Yamada and Y. Nakatani, I[EEE Trans. Magn., 59, 11, 1 (2023).
3) T. Nozaki, NPG Asia Materials, 9, e451 (2017).
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DMI 2B T A2 FEHIRBEEERRIC BT 2 SOTHLKEZS I 21— a v
A ILEBA 2, ha e !
EEA !, EEK 2)

Simulation of magnetization switching by SOT in elliptical magnetic film with DMI
R. Tsunoda!, K. Yamada2, and Y. Nakatani'
(Univ.of Electro-Comm.!, Gifu University?)

IFC®IC

AR, REFEMEX TV THS MRAM IZBWT, A Y M2 I & D EHLKERZ S 2§ STT-MRAM X SOT-MRAM D H#3E53
fIbhTwd, STI-MRAM 1, ETFREEALY VERERT Z & TRLKIEZEZ 372012, HEEOMAMENIEE &> T
%, —/7. SOI-MRAM 3., EFICEET 2ESBHEDICOAAL VERZHT 0. STI-MRAM DI /A M DR % @R LT
3, L2 L%ED S, SOT-MRAM TRIREN BB KIEEZ KR T 272D DMIY 2D 7 ¥ R MIRBBETH 5, DA, A
FETIE, BEERERE T2 22k, BMEEBICIENMAMEZEC B2 FIREREL. ¥ I a1 -y a VITXDIREN
BRI FETE 2 22 BR LI, Y,

AW TR, BIEEEOIENFMEEZ X S5IIEKRT 22 2HNE L, BEOEREEMAMICT 2 28 ICL 2 FEERREL, ¥
T2l —yaYE O REFEROEEEFTE L 2.
SZal—I g iE

RKIIa2L—2arTliEk, 4270~ 274 v 27T AEROE, SHENRIE. BERED 40 nm, BEEHD 2 nm OMHEER %
FUEIZC L C7 AR PR ELX BRI e Uk, MRPERIE. BIRIBHE M, = 1000 emu/cm®, AR T 4 v 7 % REH
A =15x107°% erg/cm, DMI E# D = 1.0 erg/cm?, BREH o = 0.1, WEE#ELL y = —1.76 x 107 rad/(Oe-s), A E > KR —/L £
©=03rad ¥ L7z, T/, BWREAEEE K, 13, BEEHTER A 25 60 TREE & 2 2{HE Wz Y,

Y2l —yaryTiE, FRET (T =300K) 2E LGS TORIREREEL L O RKIEHERE, AL, £k HEr L2
MEEEOER 22 ELHE BV T AR KIEEREE S X CRIEHER 2 HE L.
BREEIUVER

7 ARZ M i1, GEBEREES 100 %. D = 1.0 erg/em?. B UL A, =03 ns DFH L. 7T RARZ P 101, @B
2375 %, D =20erg/cm’. 1, =02ns ODHPE. 7 A7 A 1:1.35, BEED 100 %. D = 1.0 erg/em?. 1, = 0.3 ns DHE
DEHEETOBEBREEIC & 2 KIBELDOZ(L%E Fig. 1 1R T, Fig. 1 X 0. EBBHEEA 75 % OMEHEKE . 7 227 FHE1:1.35
DOFEMEHEIE T, KERHERD 100 % I2EGET 2 Z bbb olz, 51T, EEHEBEFAE L 2GA IR BHEERTIE K
HRTEHRDY 100 % & 72 2 BIREEOHEN 1.9 512 e dbhoTz, Tz, HAEX R Z2MEHKEOERZE% 20 nm X 60 nm 12 L
72HBEICBVTH, 7ARY M DMIEREFAE T 2 Z 2 X D IBAWRIEETRE S T RIEMERD 100 % 1CHET 222 h
brotze Y EX D, HBMEHERTIE, EEEBEFET 2 2ok, MEEEX D b IRWEREEOHH T KRR 100 % 12
FET R e Bbdr ol

ZZTC. 7 ARY A 11, BB 100 % OJE L. T ARY F DS 1:1.35, BEFEIED 100 % OGS OSHETOENR
IR Dbk % Fig. 2, 3139, Fig. 2,3 X b, FFEE TR, EEO LT TNMNRMEENHATWS Z e b s, —77.
AIGEBRIC BV T, 12 AL OBMLIZENARZRE, £ TO—HOBMEARRe T AMEZFNT WS, ZHUTKD, BFDLE D
BREEDIRE D, FRDRTFREITIED S L THRENRBLRIENRZ 2 v E 26N 5,

100 -
90 AN varibaay
/ “" ¥N¥YY
30 Yyy¥VYy
. et S it
PNIRIRE IIVNINY
0 I ,,/ 3333
~ 333333
1S3 6 i A[ 113333
= ss83s
550 [
XXy
40 weveve
e EE S
30 circle, Wire width 100 %, e . o
D=1.0erg/em?, 1, =0.30 ns
20 circle, Wirei)vidlh 75 %,
D=2.0erg/em?, ,=0.20 ns
L e N ellipse, Wire width 100 %,
0 D=1.0erg/em”, 7,=0.30 ns
1 2 ; 3(TA/mi) 5 6 7 Fig. 2: Magnetization texture at = Fig. 3: Magnetization texture at t =
S

. 0.3 ns (xzy = 1:1, Wire width:100 %, 0.3 ns (x:y = 1:1.35, Wire width:100
Fig. 1: Effect of the current density on the p=1.0erg/cm? t,=0308,T=0K, % D=10erg/em’ 1, =03ns,T =0
switching probability (7' = 300 K) I. = 6.0 TA/m?) K, I, = 6.0 TA/m?)
References
1) S. Rohart, and A. Thiaville, Phys. Rev. B 88, 184422 (2013).
2) J. Watanabe, K. Yamada, and Y. Nakatani, /EEE Trans. Magn., 59, 1 (2023).
3) R. Sbiaa, S. Y. H. Lua, R. Law, H. Meng, R. Lye, H. K. Tan, J. Appl. Phys., 109, 07C707 (2011).
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Simulation of magnetization switching in thin film by SST
T. Watanabe', K. Yamada?2, Y. Nakatani'

("Univ. of Electro-Communications, >Gifu University)

IFC®HIC

BE, THEEEXEYD—ETH 2 MRAM O ERTHORATW3, AV Y FEAMLKIEEEFH T2 MRAM @ 5%, STT-
MRAM oiixfEH Lo E= SOT-MRAM DAL OHIFEIDOREEX ¥ v o 7238 2 fi#k 3 2 MRAM & LT SST-MRAM 23425
INTWDB, F, FHBRICRER 2 SRR Z W 2 2 ¥ THENED KA TRERD 2RO A Y UHERIN S Z &
Fcrlxn b, 2hzfviey 2 MREL TOBURIENEITEI Nz Y L L, SST IC & 5 b Kz KRR K ik
EIRBEEDOBEBIIRZ L1220 TIE, RIS 2R > TWRL,

AR TIES I 21— a2k D SST I K 2RO R/ NRERERZEE 2 KD STT X SOT Db D L L Lz, 72,
SST DAY > DRI F 2 BUL RIERER D 2L & TRz,

BB

APIal—yarTRER=30mm. KEd=2nmm OEEMIES M2 HOMBREREZ R L, ~Z70A Y EF
NEROTHEZ{T - 72, MEVEBZAEMBIHE M, = 600 emu/cm®, EFHEE K, = 1.76 Merg/em®, $H5KEH o = 0.1, K
m#ELE y = —1.76 x 107 rad/(s-Oe), A >R —Af O =10r1ad ¥ L7z, 2 TEAFEEBIIALZEEEA =60 2 2 2EEZH
Wieo 7z, BV £, = 0.01 ~ 100 ns. A Y > ORI 6, = 90° ~ 180° TEAL X ¥ Te. B/NERFETEE OFHE CIIRE
T=0K. REMEROFHETIZT =300K & L7z

BRRUEE

Fig. 1 IZ& R Y O 6, \2B1) 2 BIR-VRIE 1, 1T 3 R NRIBEREE jo OZLETRT, MED, ER-OVRIE
t, =0.01 ns TiX 6, = 135°, 1, = 1 ns Ti& 6, = 150°. #, = 100 ns TIX g, = 180° D &k 5ic, B VUL RAIRIC & b B/NRISE TR
EENRD/NELKBIZRAC Y OMANENT 22000z, TO K5 REAERNLAY Y OMMAIXER ULAROEME b
WIS 253, 6, = 150° DBFERFFER OV RBIIB W TR/ DNIZRERZEMEL . RENICERTERNG NS Zehy
ol

Fig. 2 ICER VAN 1, = 0.02, 1.0ns, A > OHif 6, = 105° TOERBEE I 1T 2 KEERBIER Po, OELERT,
XD, EFOLRME 1, = 0.02 ns TRXERBEOHEME & HIT Per IZHFARD L. BIRHNC—EDHEE 722 Z DB TD ol —
K. BV RIE t, = 1.0 ns TREEAV/N S WETREE TIE Pey EHFRD T 25, D BEERIC Pey XM LIAD. —EDMH
WIORT 2 Z ey oTee F7ey Pey DWURT 2fHIZ 1, = 0.02ns ¥ 1.0 ns TRILETH 5 72,

Fig. 3 122> DHfg 6, 105 2 SARRIER P DZEALZ RS o T Ty Por BRIZITRT XS R —E R o fEZ AW
Foo B & D ERRMIERIZ A C Y ORA ORIV, $BENCED T2 2 20395 h o7z,

100 T T T ey . T T T o
6 ,=90°(S0T) 10° 11(?_:“_
& 9p=120° —Io—'l' tp=1.0 ns 3 10_2_
E10¢ 6,=135° | tp=0.02ns | o
P 0,=150°" 5107 A s10
£ 6 =185%STT) SN T ¥ 10
2 1F e 10° 10°5F
= —_ 10°4F 7 109
1077F i
0.1 L L L - 1 1 1 1 | E| -8 L L L | |
0.01 0.1 1 10 100 Wo "2 4 6 8 10 090 95 100 105 110 115 120
tp (ns) le (TA/M?) 6 p (deg)
Fig. 1 Effect of current pulse width#, and  Fig. 2 Effect of current density /. and Fig. 3 Effect of the spin polar angle 6, on
spin polar angle 6, on minimum switching  current pulse width #, on switching error ~ switching error rate Pe (f, = 0.02 ns)
current density jgy rate Pey (6, = 105°)
BE XK

1) R. Gonzilez-Hernandez, et al., “Efficient Electrical Spin Splitter Based on Nonrelativistic Collinear Antiferromagnetism” Phys. Rev. Lett., 126,
127701 (2021).
2) S. Karube, et al., ”Observation of Spin-Splitter Torque in Collinear Antiferromagnetic RuO,.” Phys. Rev. Lett., 129, 137201 (2022).
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Low damping in L1o FePt by controlling the number of misfit dislocations

P. D. Bentley?, Y. Sasaki?, S. Isogami?, I. Suzuki!, Y. K. Takahashi' and H. Suto!
INational Institute for Materials Science, Tsukuba, Ibaraki, 305-0047, Japan
2Kansai Photon Science Institute, National Institutes for Quantum Science and Technology, 8-1-7 Umemidai,
Kizugawa, Kyoto 619-0215, Japan

THz spintronics is an emergent area of research aimed at bridging the gap between 5 (5G) and 6™ Generation (6G) by
utilising new spintronic devices such as magnetic spin torque oscillators as a source of low powered THz emission.?
The realisation of such devices using ferromagnetic metal thin films however requires magnetic materials with both
large perpendicular magnetic anisotropy (PMA) and low Gilbert damping constants. Llo-ordered FePt is a
ferromagnetic material with giant PMA making it a suitable candidate for magnetic recording applications. However,
the damping constant of FePt is relatively large limiting its applications in conventional spintronic devices. Therefore, if
the magnetization dynamics of this material can be characterized and the damping constant reduced, such a material

could be used in applications in the THz wave range.

In this study, we used all-optical time-resolved magneto-optical
Kerr effect (TRMOKE) to explore the ultrafast magnetization
dynamics of continuous films of FePt deposited on
single-crystalline MgO(001) and SrTiO3(001) (STO) substrates.
Using X-ray diffraction (XRD), and SQUID magnetometry, we
examined the structural and magnetic properties of these two
FePt thin films where a similar tetragonal distortion (c/a) of 0.97
was observed in both samples, the L1lo-ordering parameter of
these films were 0.70 and 0.82 and the PMA of these films were
278 MJ m?3 and 1.79 MJ m3, respectively. Performing
TRMOKE with an optical setup described in Ref. [2] and a
Quantum Design OptiCool system, we explored the
ferromagnetic spectra of both samples at magnetic field angles of
Fig. 1(a) 80° and Fig. 1(b) 45° at different magnetic field
strengths. These spectra were fitted and resulting Fig. 1(c)
precession frequency (f) and Fig. 1(d) effective damping constant
(cerr) determined. Using Kittel’s formula and a least-squares
approach, f and e were fitted where our results show for
FePt/MgO and FePt/STO a minimum e of 0.045 and 0.033,
respectively. As seen in Fig. 2, we suggest that the smaller
damping in FePt/STO originates from a smaller number of misfit
dislocations and therefore reduced extrinsic damping due to two
magnon scattering and other extrinsic effects. Importantly these
results demonstrate the ability to engineer the damping in FePt
by controlling the nanostructure at the interface.

This work was partially supported by JSPS KAKENHI (Grant
Nos. JP21K14218 and JP18H03787), and JST CREST Grant No.
JPMJCR22C3.

Reference

1) Y. Kurokawa et al., Sci. Rep., 12 (2022) 10849.
2) Y. Sasaki et al., ACS Appl. Nano Mater., 6 (2023) 5901.
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Fig. 1 TRMOKE spectra for a continuous 30
nm FePt/STO film at magnetic field angles (a)
80° and (b) 45° . The solid red curves
represent the fitting of the blue dot raw data.
Calculated (c) precession frequency f and (d)
effective damping constant eett.

Fig. 2 High resolution transmission electron
microscopy of the (a) FePt/MgO and (b)
FePt/STO sample where misfit dislocations
are highlighted by the L marker.
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RER I R R T 7 — R Rl K B IRHES C o
T E Ml CoFeB IR DAL X A T 2 7 A5

fere AR IR, A BIE, Bl sk, i B8, =% W5, &fF A7
(NIMS)
All-optical time-resolved magneto-optical Kerr effect measurement
for perpendicularly magnetized CoFeB thin films at relatively low magnetic fields
Y. Sasaki, S. Sugimoto, S. Kasai, Z. Wen, S. Mitani, Y. K. Takahashi
(NIMS)

FLHIZ

MR T X L7 7 A AE Y (MRAM)IZEHEMEDO GWAHERBEA T FE 7L LTERSNATEY, i
EHBHEAINIHED TN D, [1] KRER bR REKIRPUL & BEMKE TV, NS v T ERE R
L TW5 = REE (L CoFeB (p-CoFeB) ik A3 sk 4 4 8 Jg (2 WV H 3T 5. [2] p-CoFeB J& D& FrE I
K o THETFOBRLENESCHALIHER D EIE N LT L7280, 7't XA JP0083 A > 7+~ T 4 7 ADBL
NOBEMBKIETELE X U T ERE Y N —Y A XCTRHliT 2 Z ENEEEL 05, BEASLVAL—F—
% F N T2 A S R ] Ay A ROt 5 — 2 B (AO-TRMOKE) 1334 100 GHz ORéfbisz= 4 A 2 7 A& J|ET
XL DKRE KRB FMEEHT D RSB OFARICE LT\ 5. [3] £72, SN L2 R CIEREfhEHII©
B DI T TN A XOFEFEI A ATRE T 5. —J7, p-CoFeB WD BIL & A F 2 7 AZHOWTAEFET A
> CHRIH FTRE ARG E N BA 3 2 1 B 2, ARIFFECIE, B 72 2 BEURFIE D p-CoFeB I Z 35\ T,
{Eii55 C TRMOKE FHHI Z 1TV MBS G PEC & 2 B V7 EB O FRRFR M I Z D W TR L7z,

EEBRA &

BBRAL Si R o~ 7 R b ARy HiEE WG CRE 2 ERL U 72, IR AT LA A &, Sample A:
Ta(3)/MgO(1.3)/ CoFeB(1.30)/ W(0.3)/ Ta(3), Sample B: Ta(3)/MgO(1.3)/ CoFeB(1.43)/ W(0.3)/ Ta(3), Sample C:
Ta(5)/MgO(1.3)/ CoFeB(1.20)/ Ta(3), and Sample D : Ta(3)/MgO(1.3)/CoFeB(1.40)/W(0.3)/Ta(3) (/ZH AL nm) TH
% . SampleA, B [ ZEVILELIE B T,=350°C, SampleC, D % T,=300°C CTHIE (2 B 22 i CELEE L 7=. TRMOKE
TEHOFEFRIIT DR 1030 nm, #: 0 3= UJE %% 10 kHz, 7LV AfE 230 fs @ Yh:KGW L — % — % Fu 7z,

EEBRiEE

1(a)lZ Sample A (2D CTRESS A B 4 5t BB 5 [ %k L C
On=60° & L 7= D TRMOKE JIERS F 2~ 3. (K5 T CHIR e
AL AR TR LN TV D, X DI FEN R Z vy 7 ER
et LDV TRUBFD FERN Y 7 TR BSOS T PERES oH T Lo LT

O-I

By LR R R, BEAKE < 2 BITHEL aur DI/ & 0 100 200
<720 intrinsic Z2IZITSV TN D, — 55T, KRR O 72 0.15 At (ps)
SRR T Lo 255 ms. —o e, 7 () OV T ]
LRSI AT 4 ACREL AT LTIER _0a0 S CE R OB
TRMOKE JIiENAZNTH D 2 & ARIE S LTz, &"O o5l ¢ | 4 ; ;
ARFGE D —EIE SRR A O ELEAFSE B $23E (IPMXS0320230 T A ; L ]
082)5 & O A B B AIFHR BUM [ 00 S4B 4 521 bz, ot 1B . DryA O]
0.2 03 _ 04 0.5
BE X toHy ™ (T)
1. (a)Sample A (ZOW TR A E
[1] T. Schenk, et al., Rep. Prog. Phys. 83, 086501 (2020). [2] K. Ou=60° & L7~ TRMOKE & &
Nishioka, et al., IEEE Transactions on Electron Devices 68, 2680-2685 . (b) #7257 2 ' 7 EH qetr D
(2021). [3] S. lihama, et al., Phys. Rev. B 89, 174416 (2014). FURHKAFIE.
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PR 12 fRIREE s, AfE 5 12, K bpkE 24
(Hdb kT, 2k Rk AIMR, 34 KT, 4#dbK CSIS)

Circularly-polarized-light induced torque in Co-Pd alloy films
Koki Nukui!2, Satoshi Iihama3, Kazuaki Ishibashi!2, Shigemi Mizukami24
(1Dept. of Appl. Phys., Tohoku Univ., 2WPI-AIMR, Tohoku Univ., 3Dept. of Mater. Phys., Nagoya Univ., 4CSIS, Tohoku Univ.)

1. ILC®HIZ
AT X DAL OFIENL, T OEEMENS L—P—T ¥ X MERGEHRONEIABLMDO ALY hbo=7
ATV ~OIGHAPEIRESd, EEORFZES R DB T TV A1), el (k) OMAEERICE
WTHEHHZED TWDOBAREN LRERICEASIN D AESEOHEL THA[2], MREBHE I AE
BEAZERTHIIRE LU, W77 77 —DRBICAT T s AN AV =T —a VAR HMBR TN D,
LG, BRSNS AESEN A C U AESEROND D WVITMEAES R OERITH E Y 72 <,
Z O OBRITHEA TV, FolfFk 4 1L, Co-Pt A& 317 2 FEEHE vy 230~ MEEic &
S>TAETICHR SN D E A ES RO %5 & idwm L72[5], MEOMMEZ & HICHED 5L, AFZETIE
Co-Pd &a& NI 31T 2 FMRELFEE b L 27 I DN TR,
2. EBAE
MRBEZE~ 73X har ARy 2 Y U 7RI R0 BRbiEf & i Probe light
O Si HAR FITE A 5 nm O CoPdy (x=0-0.8) A&z s 4 Polarzaton polarization)
oo SRRy ZIEIZ LD PSR X % 0 0D 0.8 F CRHAICE |
7z, Ry 77 a—7 RIS < BRI RRE R IC T T — %) 5
(TRMOKE)IZ LV . FRIEDR 7 I Ko THRAET Db =
HEZ 70— 7 ORI — R TRAME L7=(1X 1), # DR, mamj,/;}ﬂg;k
R PNIZ 20 kOe D AN 2 FlIin L 7=, : field
3. XERER 1 MRCFHRAL 2 A T 2 7 AE OIS
Hi1E1 Y PR E(RCP) & [ ) FIE(LCP) DR v 7 H % ot
BRI LB~ Y 7 (10 ko TR 2 BfbaisEs L _ o 1
DT FNEBR LI, 2D 250D 7 FNLDES A D ]
ZET, MRS L > THR SN DAL X A F I 7 R &4l
U, Rz RN 7 v N T5H2 LT,
(bR ZEEBfE 5 b — AL OIRBY R A & 7H ¢ %KD
72(2 2), Pd AL x DR E &b ITHEIE & AT OB R AN

Magnetization

1
N
L e

— Fit
— cos Fit =

Kerr rotation angle (A&/Gy vax)
z component of magnetization
A o
—_— :

HENnT=n, 26O Co-Pt Iz el L/ 2 : — sinFit ]
LNy olo, IETIRE VAR T -2 2R LoD, [ S S e —

I b L7 OMBLZ OV Tl D, Delay time [ps]
7o 3 N N 2 Co MBI RO~ T 4 ITHEIF LT
RIRTELL, PP E (No 21HO§909) L ST S & WAt Z A F 2 7 ZAREOH], B ITEREICT ¢ v b
(No.JPMJIPR22B2), fBAH 1M, FHZMIEEME, ®IL LTkh. D cos & sin DRSS b O TR,

K X-NICS, HAL K2 GP-spin DXEED & i1z,
2E Bk

[1] H. Becker, et. al., IEEE J. Sel. Top Quant. Electron. 26, 1-8 (2019).  [2] C.-H. Lambert, et. al., Science 345, 1337-1340 (2014).
[3] G.-M. Choi, et. al., Nat. Commun. 8, 15085 (2017). [4] P. Némec, et. al., Nat. Phys. 8, 411-415 (2012).
[5] K. Nukui, et. al., arXiv : 2405.07405.
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Circularly-polarized laser pulse-induced terahertz emission in Pt thin film
K. Ishibashi®2, S. Iihama23, K. Nukuil2, and S. Mizukami24
(1. Dept. of Appl. Phys., Tohoku Univ., 2. WPI-AIMR, Tohoku Univ.,
3. Dept. of Mater. Phys., Nagoya Univ., 4. CSIS, Tohoku Univ.)

[FC&IC

T4 bUMBETRADAY CAEBROEEIL, KK DRALHIEC L — W —FFE T 7~ S O
B BRI TN TV B[1,2], T, B A~ AB)EBICES O CHREFHL~Y T A RFT 7
NIV NS S 2[2,3], BRISNTZBRIE, 74 P LETRADAY UAER R ORE L i X
EUR—VEIRIZ L DR L LTCERESNTERY ., Bi D MR U h L7 E N Eh R 2R &8T5 AT REME
NdbH, BiLUSNDMDO AL R— L ADORKEVEESRBICE W THEBEOT 7~V I BIGNf S D
D, TOLIRWETIINE TR, ARETITIAE U HR—VARKENT T FFPOMIEIZER L, #1HT
MRICFHIEL T 7~ PO OB B Eh L7 S RS DWW T3 5,

ERAE

BEBEZEA Ny X ) 7RI LY PERE BT AR EICRIE L7, BRI ISR E 45 EOAET
ANF L, BAET DT T~V % T T~V BERIBE S G (THZ-TDS) [4)12 L » THRiH L=, L—3—EJRIC
IR 800 nm, ~ /L AE 120 fs, #: 0 K UEKE S kHz DF X oV 7 7 A T 7 = A ML —F—%2HH L1z,

ERBER

112 Pt R CHLIH S - AREM 2 FHREFE R 7 7~
WSt oT —42 R4, 22T, BBy EAkEO Ty ME
FhEN+E—D~) T 4 0 AT 5AFEEE RE LD
VIFINTHD, MO~V T 40 2B DHET TV
VW T FVOR S (GiFE) BRERT A Z AR THGL, Pt
2B WTH, Bi & RBROPRIARIET 7~ RS 3B
AHETHDH Z L AR LTINS, Gl CIXGEe T — 2 2R L,
Y T A MRIFT T~V BB O BRI RIS O\ TRk
Do

Vy (V)

2 -1 0 1 2
Delay time, At (ps)

AHFZEIX. B B4 (No. 21H05000) . JSPS FHiFE (No. \ R
22122178). IST & % 43 (No. JPMIPR22B2). i 7, A B4 1. PtIIRICIST DM REHE T 7 ~L

o s o . - VRN, BB RO AKE O 7y M,
TR BAE R X-NICS, ALK T GP-spin DD b ZNERA. —D~Y T 1 B AT B IR

LTI, Y% BES LT s 7 L & ord
B Hk

[1] S. Iihama, et al., J. Appl. Phys. 131, 023901 (2022). [2] Y. Hirai, et a/., Phys. Rev. Appl. 14, 064015 (2020).
[3] K. Ishibashi, ef al., Phys. Rev. B 107, 144413(2023). [4] R. Mandal ef al., NPG Asia Mater. 16, 1 (2024).
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The magnetic domain switching by single shot ultrafast laser pulse on GdFeCo/Fe thin film

Hiroki Yoshikawa, Yuichi Kasatani and Arata Tsukamoto

(College of Science and Technology, Nihon Univ.)

[FL®IC

TE RS DX )48 208 AT BE
N5, TexiTnE TITHBE L ZEASTZIC

KERAIBRE 21T 9

KERAEK ~ 7% bor 28y Z THERLL - SIN(60 nm) / Gdas Fegs s
Coo.1 (10 nm) / {A:SiN or B:Cu or C:Pt or D:Fe (5 nm)}/ glass sub.D HE[E
14t GdFeCo BT | IELHRR YL 22 HLI R 800 nm /L A 90 fs (3
ERNE) Oy T7 v b—F—NaEmf L ST 5 2 &12kY
FIRICTRALER 2B L. TR & RO BAMEE G I TR LTz,

HREMRBERER Sample A~C [23V T, Gdas Fegss Cogs (10 nm)/
{SiN or Cu or Pt (5 nm)} #EHZIST D REHE 2 L [FAARIZ, Fig. 1 (IR

T AOS TERUE X 2 fifegl L7z, — 4. [Al UIURDEIREE S {4 Tl Sample
D @ Fe (5nm) % #2932 GdFeCo % Tl AOS JERHEIX & ffEid T~ 5
T EIETER DT, T2 L, REDEHE A AOS BIEDKI 3 i5E T
NS E BRI AR SN D Z e 2R LT, £ LT, 2

DIEHRE K S AOS BLGHZ IS S BEXKTERK T o 2 BT 5 7= D1

PR & RIS A X D 0 FR EE B B L % H ORI X 0 Kiis

WX E=1T>7- (Fig. 2), fif& L CEMRECRSIZE T 5 A0S

B CHIRE S D IRETRIBLX R Z — NI T 5 — B R/ —

BT, B Y ICET MR R Bl s, BLEo
& 912 Sample D (GdFeCo/Fe) (28 Tix A0S B4 L DX TERL %
Ble2 AT 72 A OEIREFRIRIL, MR C&E o T,

ZAUTKE L, £9 Sample D 2342 & JE B 10 nm ¢ Sample A |2 b~
EREREN 1.5 FFE<, BERE EFEOETICED, A0S Bl
DAETCIZLKRoTNDHHDEEZ HILD, LL, Sample D & [F]
02 15nm D4 BB R % A9 5 Sample B, C TlE AOS XK 23T
bivTe Y, BITHEITHEIC
t AOS X TR HER LT D D, L END
ESAR AN -2 Tl G E S BN AN -3 gV 8

AR - ARWFIEIE
L Z DN

() T o AREIRBM H OBk 2 32 1T TIT~ T2,

GdFeCo #ETIIE+7 = & FPOBE IV AN EZ B SV ZARE T 5 2 & T, 2B R RS
% (All - Optical magnetization Switching: AOS) Z#FHl 95 = L 23 AlHE
ez bt HEELEERER D X A v F 2 T TR, ZADOIERFEEA~OJSH b IS
TR T 5 B R O IR A OBLR N DA D
GdFeCo #R D FEEEEMAFIED BB LB L BB ARICHE H 2 LT A0S LR D JFEL L §F AR IFIic > &
EHED T D, AR TS DI FRALIKRE O B 23 B A /FRL L |

THD, FIZ A0S IFHRIEITHIG LT

Rt

B 14k & AOS BB DRIRIC S X

4 Irradiation Power

A:SIN B:Cu

C:Pt D:Fe

Fig. 1 The created magnetic
domain images on each

samples (A~D)

Irradiation Power

<

15t shot x3

2ud ghot

HI-AOS Domains

on Sample A on Sample D

Fig. 2 The difference between
the created domain on Sample
D and HI-AOS domain

BT 5& B E GdFeCo EE DS 10nm~30nm OREHI BN T, WTHOREET
. 2 FEO B 1AL TR & 2 BER LR D 22 M504 AS AOS 1

1) H. Yoshikawa, S. El. Moussaoui, S. Terashita, R.Ueda, and A. Tsukamoto: Jpn. J. Appl. Phys., 55, 7S3 (2016) .
2) #JIIK#&, Souliman El Moussaoui, <F FEZ{h, BEAR: ~ 7 X7 4 v 7 A4S, MAG-17-029 (2017) .
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SIAVERI B2 W B R mER LA A v TF o 7

mARSWY ARG, B N BBl L
(BEERREARTE, 1@ [ K E)
Current-induced switching of magnetic thin films with perpendicular magnetic anisotropy
S. Takagi, T. Horaguchi*, K. Yamanoi, Y. Nozaki
(Keio Univ. *Fukuoka Univ.)

[TLHIC

A ARV R(SHE) & R IR HICIREMER 2 825 L 7o RISk LB A EIINT 5 &, SHEIZL Y
FEREMER I U A BB BBREMEIRICIEA SN D, 20L& BBERICAE S N TV A7 7 — Ly
RO REICERE SNl 2 v & ORZHAE AT X 0 BB R ORI Ry 7 MER L, Bt KiE S
HZENTAREE 0D, SHE 1A B VLB AIEM(SONZ A LTA L 5720, 1EkI1T SOl DV E4E & 2 Hv
T RDEA TH -T2, Lo UL, 39 SOl A B B 72 2 FR(LSA-C L 12 B8\ T 3@ SOl A BHZ DL~ 5 A
EURAER S D Z LA S, BTSRRI EE 2 FEBLRTRE A28 LW A i A OB L B S 2 ISR
DHEA TN D, Fox 1355 SOl MEHCTH 5 SITAI R B & T 72 T B R LI O B a5 AL i L iR O S5 E % H
FELTWD, ZHETORICENT, SIAMERIEID PLICICET 2 A MV BEERETLHZ L, S
DIZHHAEREIZ R L CA Y MV REPBRE R T LR EZH LN L1, &2 T, AT
SI/AI ERWTE O BT LR~ DA 52 FiE T 5 720, B0 BIMEE T & SIAl RO F A
AHIE D BELR & G~ 72

ERTFE

IR R ANy B SR NS EARBEIC K0 BEE(L ST SR T SUAIEANTEL A 1R L7
DL, O LICEERBKRTIELZ AT 2 PUCoPL3 JEEZ il L7z, 7235, SUAMBURMTEL OREBRAURHE 13
R CORAIEERZFH T D 72O A L 72 fiE AlSIEOE S0 X0 Hilf# U72[1], 7ERL L 72 A% Z R,
T NI TZT7T7 0 HNWZY 7 MATIECED A=A SR L L 7=, P/ColPt D H 5 = — 1
IER(AHE) DJIEICIE, EN R OV BT S ek 2 T OF S 2 HUINATRE/e 7 v — S8 2 7z, B i
AL O EBR T, %P IHE IR 2 BN L RE B ORAL T M 2 9L L= #% . N IICAE
OB A EIIN L7 & | Bish & AT H I BT 45| Uiz, Ri A — VARG (Rane) DRESE, R O (P
BRET S 2 LIk | BRHERAK SO R & AT,

EBREES L UER (a) B,=50 mT

Fig. 114, U5 HT 2 Rae O E A7 ) v AN =T Th 5, Bt Q 7
DAEHEHENNZPE Rape AT L, HINBEGO EAIZI YV E R T U R E_ // ,¢
=T DI E IR LT 2 LD BB ERILEE SR L. oL, ) —
SUAHERFTEL D 2 €2 N2 RO 57 b TR E NS HNBERTT & & [ S
N—F DX OBUERETH-72[1], D F 0. SUAIBAM RO 2 [/ mA
WIS L BEEE L7 D Tix72 < .Co gD LITHE L7 PtJg D /3L 7 SHE (b) ,thfsomT

WCEDAEUWMICED M REEINEE 2 NS, —7 T, BLKERD
BRI DR 7Y SUAIEUEVLEF O M BUEARME IR E L TE{bT 5 2 & bR L
TEY ., SIAMERHEI O A &I LD bV BEBI/ER LT g Z & .
DGy Ino Tz, SUAVBERA R - Tz @ eh 3 72 B il i b SRR 0 J281Z ) =10

0 10
. . [/ mA
AT BT B, _ SmR
Fig. 1. SOT switching experiments
L 2B N for [Si/Al gradient materials]

[Pt/Co/Pt films. In-plane assist
fields were set a (a) Bx= +50 mT,
(b) Bx=-50 mT.

[1] W E 5« BARYESESE 78 [MIFER KRS
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Si-Al B & EIZH KT 2 A B hv 7 RO AR

ST UNENR ISR S RN S S NS = ey S
CERFT, 2K, SERAE )
Composition ratio dependence of spin torque efficiency derived from alloy films using Si and Al
H. Nakayama?, T. Horaguchi?, K. Yamanoi?, Y. Nozaki':3
(*Dept. of Phys., Keio Univ., 2Dept. of Appl. Phys., Fukuoka Univ., X3CSRN, Keio Univ.)

[ZLHIC

EFAE DN TH DA I, BEMHEERNICEASND EZOBILIZ NN 2525 2 LN TX 5,
ZOBST, BEE - KEBRE SR AT Y OFEBUIANT T2 AR ERE L U URAICHIE SN TE 72, itk
DEFNFRAE CHAERICIE, Pt W, Ta 72 EORZ 2 A E U HUEM BEIER(SONZ AT DM BB AR AR TH
o7, LML, I, AKX SOl O/hS 72 Cu DR A HIRER{L L7ZAFEBHL]RC Si & Al BEE T aic ) 7 A
— MV A — L THRARRAER L 728 BH2] CL & SOl ABHCICH S 2 A B Uit AN G Sivic, 20 2 &1
59 SOI MR C LI IE 2 7 1 2 Z L1 & 0 3 SOI MPENZ LT 2 A B Ui B RE 2 R - E b b =
EEBEHRLTEY, 9 SOl MEHIKIE LR WS AT F TN A ha =7 AT 34 ZAOBFIC AT CEE
Thb, AFFETIE, EHICHEILETHD Si & Al O E “FEO HETREMICE LSBT 4 s
EL, ZDOAE Y M IR EFRIZO THRET 5,

KRBT
RAEHNTHLRL I 2 2 b S 72 Si-Al B lE 2 B b Si Bt B “HEO FETHER L, —oid, B

23 Sub./Si(10)/[Al(ta)/Si(tsi)]10/Al(0.5)/NigsCus(10) (HEAZIE nm, LLFEAR) DR A ANy X ETHhbH, 2T,
(tsi, ta)iE(0.25,0.75), (0.5,0.5), (0.6, 0.4), (0.75,0.25), (0.87,0.13)& L7z, Z DK TIX, A/ Sy XKiT-D
EVEB = )L X —ZFH LT, W SifEs Al @A ZAMET 22 & TR /At E TRy, £
ORI Si, Al BOBEZZ ST 2 LIk THIBI L2, & 9 —l%, BHEEN Sub./Si(4.8)/
Si1xAlx(10)/NigsCus(10) D = ARy X HETH D, Z I T, xi£ 02, 04, 06, 08 & L7z, ZORETIE, Si &
Al ZRIFFIZANR Y 2T 52 L THERILESETEY, FxDL— a5 2 & TEOMAE 2 fil5 L
7o 2V S A AMEO MO S 1 A A RS T T B EE T i Al

BEAITHO T Lc, £/, AV b7 sl g (ST- (@) 40

FMR)IERBIEHWTAE Y M 2 EER(L LT, " ﬁ
EBRBRLEY : 5
Fig. 1(a)lZ2c B A 3w Z K, Fig. 1(b)lL = A3 Z ECHIHI S ~ 20 !
72 STFMR A7 ML Th D, MIESEMEIZ K-> TR DR X _a0] s f
XU PABBLI, FHCRE AN Y ZED AT S TR d\:\$ I
RORE L T2ote, TORRIE, RBRFCLY SEAl Galo BT
WA 72N B2 5 2 & 2RI LT WD, ARERTIE, EH aof f\\
T T MBI £ 2 WA 5 AP L A< AR i 00 i - A
B L. BIEEMEOEVICHKT 5 Ay hAs#RpRIc> 3 ) ‘
VTR BT B B et

=105 \ j
B TR S A

25 50 75 B }Dr‘}ﬂ' 125 150 175 200

[1] H. An et al., Nat. Commun. 7, 13069 (2016).

[2] T. Horaguchi et al., submitted (preprint is available in:
https://www.researchsquare.com/article/rs-955888/v1).

[3] L. Liu et al., Phys. Rev. Lett. 106, 036601 (2011).

Fig. 1 ST-FMR spectra for (a)
multilayered and (b) co-sputtered
samples, whose compositional
ratio is Si:Al = 60:40.
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TMR DNV 7 IEE#RENZ %3 5 BigF e

FEHEAT L, Scheike Thomas!, JMJIREE L, /INEMRA L, —45keE] 1, =i B 12
(NIMS?, 5 TRk 2)
Theoretical study for the TMR oscillation as a function of the barrier thickness
K. Masuda?, T. Scheike?, H. Sukegawa?, Y. Kozuka?!, S. Mitani?, and Y. Miura®?
(NIMS?, KIT?)

[FLHI

~ U RVBEKIERST (TMR) A iia U TIRE OB L L CIREIT 282X TMR KB & L THIH T
4. ZOBBITGE DIZ L - TFe/MgO/Fe(001) ik b v x4 (MT)) OE K TMRZIEO % RICAHRET 5
ECTREEN [1], Z0% L OEREMTIIE W T2 = "—HP L7228 3A O % FFoRENIH S & L TH
BFENTE7Z [23] £O—FTZ O TMR BB O R BUFEREITKIR & L CTHE STV 720, Fe/lMgO/Fe(001)
MTJ DEWTMR TV DD D At — L > b R UEIC Lo TR S5 7%, Z OBREICAHINE 72 %)
R (B ARty MEOTWRIESH b RV OBR L) 2BE LIomEOHGRNE [4,5] 13 TR
{LARAE & BOEATRALIRRE D E 7 1B W T U 2 TR E 2+ 2@l 32 2 E R TE 20572 TMR REh D
HHBWEEZ A LN T 52 EIXTMRIRICHE LT E T b RV BIRICRHT 223D 5 LT CE
EThiHrEZLND.
hix - R

AHFFE Tl Fe/MgO/Fe(001) MTIIZH 1T 5 TMRIZBI DR HFERE 00

EEGHINCIRET D [6] Fex DT A FT O, broLE mN/\vﬁ\vﬁ\dﬂ\/\\/\
ICBWTHEZRD A U RBIZE LEZR D Fermi I 2> 2 >D
WHBKOERSERELZZET L2 L10bhD. 2L RE ot '
REFIREIZZ N E TO TMR OBFZE T UIE LIZ# OIFEIED 54
SN TET MTIRETO A L KIEEELIZ & - TEXS{L S5 ol
B HxEBHMAE S AREE DI A E Y A IRRED ERA IR (a) _ | |
% N VBEOGEREICBWTEE L, £ Fe EMOIFEAT " ; -
BALIRE, FOEATRALIREE D 712 ST b o LRI 4 i X | s ]
FRNTRIIC B R A LT, ZORE, MR{CREIC BT 258 _ ;W%;%agﬁmfﬁw_
f%m
]

2001

TMR ratio (%)

P w
=] =]
< [=1=]

w
=]
=

F, RIS HEE &5 TMR B3 3A O J& HI Cfafgk N U

TR L INTIREN T 5 2 & Nbhro e, THUTEE O EERE R

LEAETOIMRTHD. FONTMITH KA S TMR IRE) O

FIEZ AL Y ACRIEE DBA L M RIED Fermi iz (O , .

FICEOTREDZ LB LN o7, AT HITHE ML 1 13 o »

N . - . . . barrier thickness (A)

IR HEE MTY Z/ERL L, Zhic 20T b7z TMR BB Of5 5

EARE LN FEM R EELER L., 2ORRZM 1ITRT Fig. 1 (a) Theoretically calculated

A, FHEAER [M 1a)] EERTHE SN TMR BB O 7200 and (b)) experimentally obtained

S X0 WA [M10)] 2B FBLTND S & Bbhs, TMR r.atlos as a fu'nctlon of the
insulating barrier thickness. From

AMFIEIE ISPS BT # (22H04966, 23K03933, 24H00408) K% USCHE  Ref. [g].

BB T — 2R8I - ERM~T U 7V RRE T v o = 7 h R

(JPMXP1122715503) DO 4E# %1 TN b D TH 5.

L ZD TN

[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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T B X 3y )L fee-CoFe/MgO/CoFe(11 1) A sfmsilt b o R AT
BT 5T/ fEes R A A DR & BERIBTEL ~ D 2%

Cong He', H4H A !, Jieyuan Song'?, Thomas Scheike', Zhenchao Wen', —jfji ELIfE ",
RAGEEES ' FEAE ' =88 2 ot !
(NIMS', HiK %)
Nano-crystal domains and their impact on magnetoresistance in epitaxial
fcc-CoFe/MgO/CoFe(111) based magnetic tunnel junctions
Cong He', Keisuke Masuda', Jieyuan Song'?, Thomas Scheike', Zhenchao Wen', Yoshio Miura',
Tadakatsu Ohkubo', Kazuhiro Hono', Seiji Mitani', and oHiroaki Sukegawa'
(NIMS', Univ. Tsukuba?)

FCHIC

SRIGEHE B xRS (MTY) 12815 b R VEERIRET (TMR) 2RI, RNERMMK T X L7 78 A
AEY (MRAM) XU LT HAE L hr =7 2T A ZAERIZHET TR RSN TE 72, ZRETIS,
Fe/MgO/Fe °> CoFeB/MgO/CoFeB 72 £ ? bee(001)! MTJ Tl K& 72 TMR A ZEE SN TR Y EHE L
LTHWHENTE 7, ZOKEZA TMR IV ZA REEZT LIcae—L o b i Lo TRl
TW5, FiT. H LWRESELA Z 5 fec(11DH MTI RNEEGRIER SN D, ZOHTH Co/MgO/Co(111), CoPt
/MgO/CoPt(111)%5 TlE 2000% % i 2. 5 KX 72 TMR L3 PRI STV S, 205 (111DHE MTJ O K TMR ##
IERE ISR AN LT b3z ka2 b0 & FllEN TS D, FEBRTIEZHE T CoyFero (CoFe)/MgO
JCoFe(111) 7 /LT B X 3 v LA OFEDL L =i TMR o (35%) MBS HhTW5D 2, —F, EB TMR kb
FEER TN LD b NS ZOTEMORE AT 2 BN H D, ABFETIEIER L 72(111)MTJ Wik &
JRF-yfERe e A - BIMEE (STEM) BIE2IC LV RFMANCHTHRTZRER. 3 DOERR DT /i RAA %
FFoZ b, &BIT, DI BED KA A D28 TMR LEOK FIZhdb > TV aJREMEE R L7z 3,

ERAEE
BELLDMTI 1 TEEEZE~ 7R o ANy ZEEZHOTER I, BEfMEs L7747
ALO3(0001) BLf5 b ZEAR FIZ Ru 73 7 7 /CogFery (CoFe) (20)/73Y 7 /CoFe (5)/Ru (0.75)/CosoFeso (2.2)/IrMn
(10)/Ru (10), (FEJE : nm) ZHHW 7z 2, NUTEIL Mg E% 0.5 nm A8y XL, Mg U v FAE R L
(Mg4Al-Ox) Y% B THREEICL DRI U2, F Wik OIS S8 220203, INZEmE AR SR E 7 e
(FEI Titan G2 80200 ChemiSTEM) % H\\ 7=, BUAIS 728 LW R A A U HErE (Type-3 KA A V) OIFH%E
FAWT, BENBEEHERICESF JFHEEHRA & Landaver A& H)i L TMR L& 35 L=,

EERER

MTIJ Wi I O BRI EF (ADF) -STEM #1222 )/ B — AR 2 WS Z & TT R TOBEMHEE TV
TEX XY LAIDREENER SN TS Z ERbhoTo, TR F—258I X #5056 (EDS) & v 7-#l
FRAIAT N 5 MTI BULBRZIZ )Y 78 IIEIE MgO Mk & 725 Z & 3o Tz, F1-Wriki O JAWE O STEM
BEEATo T fE R, HiRFHE COME TH D Cube-on-cube #it D (Type-1) (ZH1Z. MgO [ 2Y 180°1H N[l
L2 (Type-2) . S HIZIE PRI STV ey o 7w 30°IHER (Type-3) 2337 LT D Z &AL
Sz, B, Type-3 Bl KA A DAL, CoFe & MgO O KX 7248+ ARIEE (19.6%) ZfEMT 5 X 5 I1HE
ENTWDZ ERbhrolz, H—FEFEICLY, Type-3 FAA % L7z TMR HIIFEFIT/NE L, #
FAREEE DK E VN Co/MgO/Co(111)H MTI IZH 1T 5/ EWEER TMR O ERD—>E L THEZxHILD, T
O OFERIZ(1D)E MTI TIIRAFEB ORFHIRWHBER S 2 & bR LT 5, AWFJEIL JIST CREST

(JPMJCR19J4) . O} JSPS BHiFE: (20K 14782, 21H01750, 22H04966, 23K03933) D F 84 5% 1F TiTbiLi-,

L 2P &N

1) K. Masuda, H. Itoh and Y. Miura, Phys. Rev. B. 101, 144404 (2020); K. Masuda et al., ibid. 103, 064427 (2021).
2) J. Songetal., arXiv.2308.04149 (2023).

3) C.Heetal., Acta Mater. 261, 119394 (2023).

4) T. Scheike et al., Appl. Phys. Lett. 120, 032404 (2022).
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MgGaxO4 /X U 7 HIsgRENE b o X A5 O 7 RUmEfflc L 5
ko RV RIRBTR B D HE K

Rombang Sihombing'?, Thomas Scheike'. Zhenchao Wen', Hiff % !,
RIOSRERS . =48E] 2, oft IR E !
(NIMS', HiK %)
Enhancement of tunnel magnetoresistance by interface modification of
MgGa,04-based magnetic tunnel junctions
Rombang Sihombing'?, Thomas Scheike', Zhenchao Wen', Jun Uzuhashi', Tadakatsu Ohkubo',
Seiji Mitani'?, and oHiroaki Sukegawa'
(NIMS', Univ. Tsukuba?)

[TLC&HIZ

FREEVE B xS (MT)) (X, N—FRT 4 A7 RTA4 TOBERA~Y RRBRT VA LT 7 8AAEY
(MRAM) Oftgkt /L 7ed | RAWAE Y ha=7 ZAHATHEHASNTWSD, b OIEHTIE, F 3
LD BRI Y TR ZHERF U722 D HUE (RA) O RO SN TnD, LivL, BEDOTZEN
V7 ThoDH MgO 131 X v v 7HRE S RIFERAREIULOESRIIRNEECTH 5, 8RR Ex /L MgGaO4
(MGO) NV T ELTEHMA LI EH X2 v /L Fe/MGO/Fe(001) MTJ {23 T, MgO /XU 7 MTJ (Tt
RN T EE R L OO R E UV TMR B (iR 120%04 ) & ST Y . MGO IZE#H Y
THEFE LTHETH S D, fill, CoFeB/MGO/CoFeB M ELAZ( LT MTJ & BH%E i, #E D MgO & % MGO
FETFICHAT D Z LIk » CREBRE TR TMR OB KA EHE SN TS D, LrL, AICL b5k
TD AT = A LIFEH S TR, AR TIE MgO ffiAIZ LD MGO FaEMiZh R ZH <5701,
Fe/MGO/Fe(001)RI- " Z % v /L MTI ZBAFE L, fERE L THRAICEI2FE LW IMR RN EBL L2 & %
WET D,

EER A A

BBEEZE~ 7 % b v Ay ZIEE Z T, MgO(001) B Sh FE 12 Cr 2N 7 7 /Fe (50)/ Tk MgO 1
AMGO (1.7)/ L MgO i A/Fe (5)/IrtMn (10)/Ru (10), (% v 2 NIFEE, nm) ZAfE L7z, MgO & T MGO
FRELZ 1E MgO K O MgGarOs X D BERE % — 7> R 225 RF ANy Z &2z, EF MgOfAEITY =7 >
¥ o A= HOTU = WERHIEE L TE2, 7o, FEITEEANREE IS ME & PHEEEEEDO T O R R T
T ==V EEEAT o T, fERL L7 MTI 7 = NI EZEREG P EVLER (200°C, 2 kOe) Z#1T-o72%%., um A X
D MTI AN T2 AT E T 5 1512 £ 0 TMR i 2 =350 D ARRIC S W CRIE L=,

EEMER

MgO fiABDEAIZ LY TMR O KRB A BTz, ETEHICMgOFHAEE LTH 03 nm EHATHZ
& T TMR W KIEZ BLY | Fe/MGO/Fe IZ31T D IERBEIE 121% VLD HRE WV 151%D =R TMR L3 @]
W& 47z, 5 K TIL TMR biE 291% £ THER LIEROIKIRME (165%) DOF2 5L 7257, S HIZ MgO ffiA
EAEEINT 25L& TMR LR T & RA OZF LWEEINAA LIV, FREEMIEP I E DL Z LR -Te, LR
T, Y7 MgO REEMICE > Tabt—L 2 b b RADGEREHRKTEHZEE2RLTWS, MTI Wi
DOAELFZBIEMSIGE (STEM 8) KO 3/ X—088 X 8550 (EDS) & HW iz L0, i AL
72 MgO 12 X W MGO H1® Ga J&L 1@ Fe JEI~DILEAINH] S5 2 & T, Fe/MGO Sttt LE R &
LT TMREERNEH L TWAZ ENRBINT,

AL Kioxia2023 AFEEGERHIFSE, TR E 7 — 2 Bl - i8R~ 7 U 7 URFZER 7 e o= 7 M3
(JPMXP1122715503) KO JSPS B (21H01750, 22H04966, 24H00408) D X4EA 51T T{Thhi=b D TH
Do

ZE 30

1) H. Sukegawa et al., Appl. Phys. Lett. 110, 122404 (2017).
2) S. Mertens et al., Appl. Phys. Lett. 118, 172402 (2021).
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The effect of tetragonal distortion on magnetocrystalline anisotropy in
bcc CoFeMn alloys: an ab initio study

Tufan Roy?, Shunsuke Kubota?, Masahito Tsujikawa?, Masafumi Shirail?
(!CSIS, Tohoku Univ., 2RIEC, Tohoku Univ.)

Magnetic tunnel junctions (MTJs) with a large tunneling magnetoresistance (TMR) ratio (>1000%) are required for
device applications in spintronics. Rocksalt-type crystalline MgO is generally used as the barrier material, which offers
predominant transmission of tunneling electrons with A; symmetry and responsible for a large TMR ratios for
Fe/MgO/Fe and related MTJs at low temperature [1, 2]. However, the long-standing challenge is that the TMR ratio
decreases rapidly with increasing temperature, mainly because of thermal fluctuation of interfacial magnetic moments
[3]. For stabilization of the magnetic moments against thermal excitations, ferromagnetic electrode materials with large
magnetic anisotropy energy (MAE) are desirable. Under tetragonal distortion, bcc Co is known to show large
perpendicular magnetic anisotropy (PMA) [4]. Metastable bcc phase of Co could be stabilized by doping of Fe. A recent
experimental study reports bcc CoFeMn/MgO/bcc CoFeMn MTJs to show a reasonably high TMR ratios at low
temperature (1002%) and at room temperature (350%) as well [5].

In this study we investigate the electronic structure, MAE and Curie temperatures of bcc CoFeMn alloys by using
first-principles calculations. We used coherent potential approximation to account for chemical disorder. MAE was
evaluated using magnetic torque method [6].

Figure 1 shows MAE as a function of tetragonal distortion c/a and Fe composition y in bce (CoggMng.2)1-yFey alloys.
A positive value of MAE indicates PMA, and a negative in-plane magnetic anisotropy (IMA). The PMA is highest for y
= 0 and decreases gradually with increasing Fe composition in the region c/a < 1.0. It is to be noted that bcc Fe under
tetragonal distortion shows IMA [4]. In this study we discuss the role of the band filling and hybridization between local
orbitals near the Fermi level on the MAE. We also present the results of magnetic moment, Gilbert damping, Curie
temperature and electronic structures of the CoFeMn alloys.
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MAE (meV/atom) 0.15
0.4
0.10
=
<03 0.05
®
5 0.00
g 0.2
5
s -0.05
(0]
S04
-0.10
0.0 -0.15

08 09 10 11 12
c/a

Figure 1: Magnetic anisotropy energy (MAE) as a function of tetragonal distortion c/a and Fe composition in bcc CoFeMn alloys.
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