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Ni/Cu Z @& D B35 XMCD
[ ARTRE - A 1L R
CHROREE - SRR
Electric-field induced XMCD in Ni/Cu multilayer

Jun Okabayashi! and Tomoyasu Taniyama?

'The Univ. of Tokyo, *Tokyo Institute of Technology

WREGEOBZZ L HHIHIL, AV hr=2 2B TIRIEHEE T L
LENMEZ ATREIC T Do O HBE RN & 72 D, IREEMEIR &R IA D SR COBHIT LD
B AT OWTHIZENMTOILTWD, —J7, BB L EMEOREME TId, #E
(K26 D I)FHI 7RIS TN K D SRR B G MO % EBLTE 5, FHE A BaTi0; ~D
BHANNC L > T, RAA UAEEOEIC L0 KT EROERNBATRETH B, T2,
Ni/Cu REPEZJEMEE L, Him COEARIZ LD BEMKETENAE L S, BaTioy LoD
Ni/Cu ZEHEEClx, BHICL Y RE CTOEAGHZHEICE, T XV EE—H
NORALE ST 2 (1], L L, BRI X 5 oR 8 R0 e B bR E %
DEFRDOBIUZ SN TIE, BFEIC /2> TRV, £ 2 TAIZE T, BHAZHNTE
DY AT AL EBENEE O X #RREA I @M (EXMCD) 21T - 72,

[Cu (9 nm)/Ni (2 nm)]; DEJERERE % BaTiO, (001) i - ICHERE L7-, EXMCD JHI7E
I%. KEK-PF BL-7TA ([ZTHER LIz £1.2 T OFEMA Z V7o XMCD 2E#E 2 duE L TiT -
7o SIS T, SO EEE e, sk & Bl OMICES 2N L7, EXMCD
PIEE, SUBHERHAE & BRI CRIE & 72 HELE IS T T 72,

TEIGEIIN L 72 WS IR EA L 2 78 L, Ni Ly o Wi XMCD & Ly ¥fii T 0D XMCD R L
MO bR LTz, —J7, 3 kV/cm OFEHHIIRC X, mNBI(LIZZE(kL L7z, B
£ % BaTiO DR 725501349 1 % & FAE S AL, BaTiOy & Ni/Cu J& DR TOEALT]
DEAIT X 0 BRI ITIER LA LTz, EXMCD O 227 hAJTEIRIZ S B b3 RS, il
ERERE— AL NOBELEBRI L=, F7z. EXMCD A7 huvigfkix, BERINC
LU CRIICZE LT 2 2 & bR L7z, 512, Ni/Cu BOEWNK T EHE 2L st
TR DOH— B R AT o 7o, AR IR KR E < 722 EHUERSE— A v NIRRT
DN D 2 LAV | EXMCD OFERAFATE 5 2 LAV - 72,

FHER L WMRO R IR TEZFICE VIS EREET ST, EXMCD EIZ XD
LB TE— A > N OB E BT & /-, BT b &0 GRIICB W TREL < i
L7zv,

[1]Y. Shirahata et al, NPG Asia Materials 7, e198 (2015).
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Ir-SAF 115 C D GMR %0 5

fmiEs wME, IR S EESE . AMRE ¥ Bk RNE
(BEEFTR AT, Ay hr=2 A%t & —)
GMR effect in Ir-SAF structure
A. Fukushima, A. Sugihara, K. Yakushiji, H. Kubota, S. Yuasa
(Spintronics Research Center, AIST)

[XL&HIZ
EE‘ﬁm*ﬂTWMM%@&Lfﬁp&kﬁﬂ%%mtme\k?MU%%wﬁﬁﬂmhf%é

L7 A VEEDTZOIZIE, MEREESRENLETH D, Zuixt L, i, IrXf\~4j‘7§wfﬂ%b\7ZCoPt
%Eﬁ@ﬁﬁﬁﬁﬁﬁguf\MH@@E%%lT%&zéﬁ¥ﬁEﬁx@ﬁé(Aﬁﬁé)ﬁ%é_k\ﬁ
INEA (~25nm @) [ZINTL72%TH 09T ® AF#G 03 H 5 Z L[LAHEIhTWD, 20 MTIFE 7O MR
T—7 % FRICHGET LT & 2 %1Tﬁ%_mww%i*“@GMRE%&%K%%%@T#@ﬁ#ﬁM%ﬁ
L7z, Al Ir-SAF A £7> GMR # 1 ZEk L. Z OREKIERHT#R 2 i~ 7o 0 THE T 5.

SSEX

3FEEHDO GMR £ 1 (1) F7 Y —Cu A~<—+ : Sub./Buffer/~ Y —J&/ Cu 6 nm(A-<—1)/ SAF J&/ Cap, (2)
7 U —Ir AX—%: Sub./Buffer/ 7 U —J&/ Ir 3nm(A~<—4)/ SAF J&/ Cap, (3) E7 U —Ir A~X— : Sub./
Buffer/ SAF J&/ Ir 3nm(A~—¥)/ 7 U —J&/ Cap. 7 U —J&!% Co 0.8nm, SAF & |%[CoPt 3nm/ Ir 0.5nm/ CoPt 3nm]
THom, AERR L7z, EAEB L 50nmO OHESICNT. L%, BEE~ 7 %y s & HVE3T OFPH T MR
B —7 2 E L, BRI 2 1k (U — FRROBEHUT 02Q/AE) TITW, JHMEK 7.93kHz, JIE &
10p A, FFOHHUEN 200 ~40QFETH D DT, WERIZHEFIZH 75 EEIL05mV ELFTh D,

AIEHER

T7 U —Cu AX—HH AT, £1LIT TR RBKIPINBN, TOH% 3TICE D TR R~ I28E L
TWb, 2, F7 U —Ir AX—HFE A TIX+14T T SAF BOFEAICERT KPR BI S -, /-,
7V —Ir AR—PF - THRBEIC, SAFFEAEROBSIEIINBIN S, TONKEEMAIT T 7 U —Ir 23
—HHEF L@V (£17T) Tholz, L7V —EE CREBRAD®mOOIL, SAF EIZR LT, fofm
THREDOX A=V NI D7 nmd TR EEZLND, 2D OIS+ mQ U EO 2 b a2 /RT
TORE LT <, ZREMf-> T, BElNT%O SAF SR OIS 2D Z LNl TH 5,

AWFFEIX. MBARRENT « 4 ) R— 9 VI X0 IR SN2 R RO ZE B S HEtE 7 T 4
(IMPACT) 2LV, BEEIFRERERE (ST) 2B L TCELESNZLOTH D,

BE IR

K. Yakushiji, A. Sugihara, A. Fukushima, H. Kubota, and S. Yuasa, Appl. Phys. Lett. 110, 092406 (2017)

37.0 T T T T T T T 259 I L I T T T T 37.2 T T T T T T T

§ 3661 ] § 257 ot b 8 7Ot T

j7] 7} - . 7}

w w w

&364: - &25.5- : - &36.9' -1
36.2 4 1 L L L L I 25511 1 1 I 1 I 1 36.84 ! 1 I 1 i 1

3210123 32101 2 3 32101 2 3
Field (T) Field (T) Field (T)

Fig.1 T7 VU —Cu AX—H%FTD GMR Fig.2 T7 VU —Ir AX—H%FE 7D GMR Fig.3 L7V —Ir AX—HF 7D GMR
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Th-Fe-Co/MgO/Gd-Fe MTJ & -2 83 1) 2 & L il s < 52 ﬁr At

REPESE ST FNx, MEEE*. BRAEECRR*,
TNEER B> F EHE—*, AFkiZ*, ZIK’FE;‘:J& T B >
(B AEMER L, *NHK £245F)
Change of \oltage-controlled Magnetic Anisotropy for Th-Fe-Co/MgO/Gd-Fe MTJ Devices
Takayuki Ueno , Hidekazu Kinjo , Nobuhiko Funabashi , Shintaro Aso ,
Daisuke Kato , Kenichi Aoshima , Kiyoshi Kuga , Mitsuya Motohashi , Kenji Machida
(Tokyo Denki Univ. , NHK STRL)

[FLHIS
EHIERE R STPE (VEMA) 23T, BUR 78 ORI O 2 HliH 35 Z L B ARECThH b | IKIHEE

7715«@%%4%%%@’%% T —ORBHTIHERICHZEES N TWE D, Z O 2L F 2 M T 4
MT510iF, BERIEFINROHGFBONDEVVE TORFRMLETH D, T E TIZ, Th-Fe-Co/MgO/Gd-Fe MTJ
%?6::}‘0‘%“(\ MgO #af%fE & Gd-Fe Y238 DREIC Co-Fe/Gd B & AT 5 Z }:f JZE 9 nm @ Gd-Fe Jt28
T O VCMA Zh R A BRI LT 2, Alal, BEaE B2 -2 ER L, BWETEL 5 VCMA ORFIZS
WTHRGET L7z,
EEBAE

FREEAFRLY ) a Y HR LA A B — A 23y ZIZT, Ru(3 nm)/Ag(30 nm)/Ru(3 nm)/Th-Fe-Co(10
nm)/Co-Fe(0.5 nm) T HiJE MgO(3 nm)#aixJE . Co-Fe(0.3 nm)/Gd(0.1, 0.2 nm)/Gd-Fe(9 nm) & #JE . Ru(3 nm)
PRl & == TR L 7%, B E A A =LAV 702X 10 um AFE I L, In-Zn-0 L
EEMETER LT, EEE Fﬁ{ﬁl T TAL L TDCEELZHILIRET, v A 7 v —3RHEREE I
FOFEFOH— ATV AN—T%245 Lic, PIERKREIL658nm & L, FFIx L CHERE T M ORSR % HI
Lz,
ERER

Co-Fe/Gd Jg D72 W HE11X, AR 1 OmERALZ R LI, RENE WD, VCMA Zh 383 S /e )
577, ZHUZxF L, X 11278 L7z Co-Fe(0.3 nm)/Gd(0.2 nm)/Gd-Fe(9 nm) Y28 F )@ i, B RLR S 7 MEHS s
L. AR KIBICHIL LT, ZOFEFIZ, Z13VOEEEZHIINLEZ EZ A, EEFINGAEICE U THNE
S OmEINCHWREGTENEN L, £, AEOGI Z 01lnmiZHb Lz 2 A, mAMKESEER LT
DBEAICE > TEGFUENEN L TWD T B0 D, I LI — 11— B3R 7- VCMA R
19F)/Vm E/NERETH 722 H 0 59, 0.5nm LU O Co-FelGd BAfFAT 52 & T, 9nm/ED
JEA TR E DR AFFENBINIC 2 LT D VCMA B R 23BL S 4172, Co-FelGd/Gd-Fe St 78 Tik., MgO #afk
J& & iRmENERE & DR E D NER B RIROBRE G EEZ T 5 2 & 2 ERIICHZE L TW\W5, RiEd Co-Fe
JEIZ4 U7 VCEMA 20573, Gd-Fe B2 &0 BV ROBK R TR 2 521t B2 b5,

%%irﬁk 0.15 0.15

0.1

o
e

1) M. Weisheit, Science,
vol. 315, pp. 349-351
(2007).

2)  N. Funabashi, IEEE

o
o
&
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_— ov

=4
o
o]

-0.05

H—E 5[ degree]
o

H—E 5 [degree]
o

—+1.3V
Trans. Magn., DOI: 01 04 sy
10.1109/TMG.2017.271 015 015
1639 (to be published -100 -50 0 50 100 15 -1 05 0 05 1 1.5
2017) SHEREE R [Oe] 51 2R B SR [kOe]
. 1 Co-Fe(0.3)/Gd(0.2)/Gd-Fe(9) 2 Co-Fe(0.3)/Gd(0.1)/Gd-Fe(9)
25 g > MOKE /L—7 2 g D MOKE /V—~7
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HE[EL %L CooFeSi i 2 FI W2 iES b o R VRS Z I o /R R

ALy b T— M, B OGE, mF BB, FI s
(RO LEERY)
Fabrication of magnetic tunnel junction multilayer with perpendicularly magnetized Co2FeSi films
Y. Stutler, K. Shinohara, Y. Takamura, S. Nakagawa
(Tokyo Institute of Technology)

[ZLHIC

TEERACR B RS (p-MTIE, S R L - RHEE bom TEL TR Y, kRO MRAM
MAAEY L E L THIR S, JT4E Tl CoFeB/MgO/CoFeB # 1 T p-MT) HFNEHL ST A0, KpF
Z2TIE, BV TMR EEE2EO p-MTI OFEBEDO 728, A B 0K 100% 0D/ N—7 A X JLRBEMERHMF) & L
TSN D 7 ViR A AT —454: CoFeSi(CFS) % H\ 7= CFS/MgO/CFS i p-MTJ Z @O /ERUZE Y #1
ATWD . ZOFEE, MgO J& FERICAZES D T CFS 1%, FRARAYZ: CFS/MgO i DAL & CFS Dk gl -~
R ONDEADEEMACHEBUCHEE L WL LA/ L7, £7-MgO Jg Lo FEICFS 1L, ¥y v 7 EE
O FRENEEGAC ORI L CWDAREERAE N 2R L. b BT o CFS EOIFEERY L D3
BRI N2 D720, IREBENZECE D 2BAT v 72/ T HRALBHEO RIS LIz THET 5.

EBRAE

BN, 2 —7y bRy 2542 HV T MgO(100) B 0.0003 : ,
AR LI IERS L 72 SURHEIS 1S MgO EEA/Cr(40nm)/Pd(50nm)  “E 0.0002 |
CFS(0.6nm)/MgO(2nm)/CFS(0.6nm)/Pd(10nm) G, MgO i RF 2 /< '
o X FNLSDIEITAET DC A8y & TR L. RRIBR
IXFEB CFS /@28 300°C, FNLIAMoIT=IRE L, kI
300CTT =— WAL 21T~ 7. £z, TE CFS &Rkl L 7=1%,
IR CREFIRFE 4 2.0Pa, 10min &\ 9 & TIT o 7=,

EBRER
Fig. 1 (Z1EHL L 7= CFS/IMgO/CFS ik D ik % 73, Fig. 1

@TNIT & TS ROBAHEE R LI bOTH 5. Bl D 2‘2222_@ |
FIEDFRILED 100%IT3T 2 &8y, MG RFEEE S -

LT3 L BHRTE 5. 177, (KHSERORLEES Fig.  § 00001 |

LOIRT. BN 2 AT v TR AT DML DTz, S Of----mmmmmeee ;

T CFS J8 0 A Bk, CFSIMgO Rl ~DRERIREIT  5-0.0001] |

EBHRBL CFS ISR SRR EAODRLBSbDLE o] & | f
ABNG. L CFS FOTRBRA;IE, XROMEIZLY =0 0005 — i |
Pd % v v ZEARDEE L TWD Z &R ho 7729, CFS/Pd Magnetic field (kOe)
RECEDHDTHS LEZ BB,

B EZ R Fig. 1 : M-H loops of CFS/MgO/CFS

films. (a) Comparison between
[1] S. Ikeda et al., Nat. Mater. 9, 721 (2010)

[2] H. Sato et al., IEEE Magn. Lett., vol. 3 (2012)

[3] J. Okabayashi et al., Appl. Phys. Lett., vol. 105, 122508 (2014)
[4] N. Matsushita et al., Appl. Phys. Lett., vol. 106, 062403 (2015)
[5] M. Sawada et al., J. Phys. Soc. Jpn. 72, 1161 (2003)

out-of-plane and in-plane loops, (b)
out-of-plane loop at low field region.
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D022-Mn3Ge TE 5 0D T (B 5 5% 5 1M D R EAK A7

BE K, #2F EEE, @A BER, JIE R, REED B, JIl s
(DA HARBIERT, O THERT)
Thickness dependence of perpendicular magnetic anisotropy of D02-Mns;Ge films
T. Yabushita, N. Matsushita, Y. Takamura, Y. Kawato*, Y. Sonobe*, and S. Nakagawa
(*Samsung R&D Institute Japan, Tokyo Institute of Technology)

FLHIC

STT-MRAM (2 B 5 TEERAL MTJ &7 ORBMEEICIE, MERBKEGTHEER & AV mENZEI
ZIEOAERTE LTV D, D0x»-MnsGe [XIE 7 il T 25 72 ¢ T A K & 7e —dl R B G2 £ - C
W5, ZO, cHfidn S5 Z LIS LY MEBKETENEOND. Elo, N—T A X VREHERIZ E
TRV BEWA L iR b fFT& 5. 2 D D0x MnsGe KA MT) e & L CTHW DI, #Hn
R REIE CORFERIE N EE & 725, BEEER TR ERAEENEEIC RS EEZOND. ARETIE
THIENC XV Rk A s A 28 b & TR U AR A 2 SR L7

RBRAE

w2 —7y AR A Sy ZIEICTHIEZ1T > 72, ERLL 724 > 7713 MgO(001) F4k i Cr, Pd % 40nm
HERE L, & D% Mn3Ge DJREJE % 100~3nm O[] T L St TR L 72. MnsGe T B2 B IFIR E 12 4000C CTH 5.
ERL U 7= o 7 il sl 2 XORRIEIHTIE, e bRetE %2 SQUID (2 CREA L 7=.

EBRER
Fig.1 IV > 7 @ X REFTHEORIER R 27777, MnsGe FEE 100, 30, 10nm O > 7 T80 CHHRE:

Mn3Ge(004) B'— 7 NHEFR T & 72, 6> C, MnsGe 3 (001)ELMI L CWD Z Ebnnd. £, v — 7 L&
JEREL R DIE EEAPA~T T FLTND I ERbND. ZRICE D, MnsGe 37 iElK © T HUE TH
% Pd OGS T O B % 58 < 20, AESASHE E G ANCIE LT\ D 2 30D . Fig.2 [ZIE E 5 [H O HAL
T FE CHIUEAL U 7o B LR MR RS R 2 75 97 MnsGe BEE 10nm K TlXid» & 0 & L7k X7 U U XA &2 R
TERDoT, 10nm UL ETIEE A7 U & 20— 703 C & 7o, MTJ REE Mg O IEIE | T b S RIS e B 7
BB O 72 5nm FRE £ TH TALENDH S, 10nm L 0 #WEE T MnsGe #iE A2 /ERI4 5 72

S 7D IR R E L RO B D.

SQUID HIEIZB W TEE Z K> T\ 272 & £ LI AARKRZOBEARFT B IEH L ET.

Né . N "\é 3 i 103 1.9 T T T T
4 %: § ‘é,: % ot ] [ N,l Out of plane !
Tl 2! pi & CHE s 1} ' -
¥ =i | Pd4onm =i %2 5 ] 2 ' |
3f L £ 0.5- : -
= < '
@% S Ol sussicesm et s T namgodr s o v ocT s
=1 2 .
- S -0.5F i -
° ' ——10nm
s -1t —— 30nm -
g : — 100nm
5 CR—" — 3 80 60 -40 20 0 20 40 60 80
. Applied field (kOe)
26(°)
Fig.1: XRD profile of MnsGe (¢ nm) films Fig.2: M-H loops of MnsGe (£ nm) films
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BCRIENERS & L 7o sRmE 2 S i b o
Fk X 0D E R I A O R Bl A

I POpE R, EMIES, BRSNS, (EAHH, ARZRA*, FAK, Uz
(AR IR, *BIfRY:, ~EHIHERY)
Study of current-induced magnetic domain movement on ferromagnetic multilayer wire with
antiferromagnetic coupling
M. A. Tanaka, H. Hamada, M. Shimazaki, S. Sumitomo, S. Honda*, K. Mibu, H. Awano**
(Nagoya Institute of Technology, *Kansai University, **Toyota Technological Institute)

REMEAMAR BT AR U 7RI TR I BB 20T 2 & TEREh 2 Z E Ak D, Z B Z2RA Li=H-
TRREGGEERDNE R 2D T D . BEMALIFE OB X DO FE i ERE) T % Dzyaloshinskii-Moriya #H A./FH (DMI)<> A
EUR— AR EOWRBIG DY, TR EFIMT 5 Z & TRENEE O & b-CIRIE & E b
IZHECTE DR D D . RO SCGRBIERE S %2 Lo 3 @i o i JEREVEARREATERER TIE, BEXK OER
BREDITIE & 1T p 58 AR L, HEHEEOMIEMROB L2 250 EOBE TBEIT5 LW ) HEN X
TS D, REFFE T, Rh J8 %9 L CRRBENERS G 3 % (ThIC0)W/Rh/(Co/Th), #3& 12 Pt % » 7'fg@ & fFiF
7o MR DX D FEEBREN B GR & FH 7.

FRIEEEEEE & 2 Xy ZAEEZ WU 7 N4 T7IET, ETFO Th/Co £ /@ I03 I sabséthfs & 2 35
(Tb/Co)4/Rh/(ColTh)4/Pt i & Rh J& % & F 720 (ColTh) /Pt MR 4 ERL U 7=, MR IS \E S o L
— W=D CREX & A2k L, 2V A TR & FIUIN U 72 5 O 77 — ) R BEMETE 52 CREX D2 8h & i~ 7. £ 7,
HIFRE T 07 1 ~OREHHUIN A CERBEENIC L DX OBEEZRE L, PREHHWVIIRhEEHETHZ L TE
U % DMIZ L 2 A0 R & S 425 L7-.

Fig. 1(a)l SOMmBENERE & &2 L 72RO F i)  BEXIZXF L C, Fig. 1(0)IZ(Co/Th)7/Pt AIHRD T[] & MEXIZx5F L
T, ZNZIH 4101 A/m2, 100 ns D /</L A E it 4 20 RIFIHN L 7= R oM — B s 22 mif 2 3. Kok
ftERE G 2 L72iB CIIEXIZE 7B LTV, Rh 258 £ 220V iEHCIIREX 23 E 1t & 13 H e
BEIL CWAE0Na05. £, HNFTRA~OBIGHIINTIZI T 5 Bt L DHEEOBELEHE OFHENH, W
THOREL S R —IVT A 7 7eREREE 2 FF D, SORBEMERE G & Rh 25 £ 72 W EEHCIX DML X 5 20
BDOFRMPEITIR>THRY, £DOKRKE X2 50~300 Oe 2
EThbZLNbhoiz.

Current 4_—

PL E DRSS & SRR & & L7230 ClImiRED
HA T VT 4 —%PRETDHOILPUETIERL, RAET
boHrEEZLND. —FT, EHOPtEOAE KR—
IVEHRAIZ K D A i BRI BB Bl G 2 kF L C 3B
T D0, RhEE S ERVFECIE FOM I aliics e
RENEEY L, SOBBEMERS S B CITE it & | UM -

WEENBE L=t Exbn5.
10 pm 10 pm

L 2D GIN M caid

Fig.1 (a)(Tb/Co)4/Rh/(Co/Th)a/Pt ik &

(b)(Co/Th)7/Pt #& & MIHEIZ AR L 7o ieBE DR

TR & % 258).

1) A. Yamaguchi et al., Phys. Rev. Lett., 92, 077205 (2004).
2) S. -H. Yang et al., Nat. Nanotechnol., 10, 221 (2015).
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A AT —GaBNE IR BRI = v X & v LR B IRIC
B 2 BITER ST R 22 T2 RORRBEMERE SR T — A & b DR

PIETH, TR, =g, REFH
(%K)
Detectiting antiferromagnetic moment in Heusler-type ferromagnet/antiferromagnet epitaxial bilayers using
anisotropic magnetoresistance
T. Hajiri, M. Matsushita, Y. Z. Ni and H. Asano
(Nagoya Univ.)

FEHIZ

SCBEREME R IE THz fE3 C OB EHENE, IMIRS-CE M 1S3t D ZEME, ININBES N 72
E, BRBEIR LT D E 2 < OEBAEE RS [1], L LN G, EROB bRt e Th b7
b, FOBREMEROBR T — A 2 P ORBHCHIENIEE LD e WO RIER S 5, I, Al b
T ERWD JE [2] SMBEMER & OFEBEICBIT S b RIVE G HEBAITIZE (TAMR) [3]
WL IFEREICEY, RBBMERORIRE— A vk O HSOHIE A3 A THFZE S FLbk s T
%o AW T, =EXF Vv LR L7eAA AT —454 Fe,CrSi/RuMnGe fEE BRI\ T, #
FFHERGSERHTINEIC & 0 ROBRMERE R T — A > P ORI L, F7ZEIINRGES 71 & 0 BEA
BEHLOENZBMN LT-[4] O THRET S,

EBFHE

KA AT —44 FeCrSi/RuuMnGe FEEIZI DC~ 7/ % b v AR Z Y o 22 L ORI L 7=,
RPFEETE 375 K T H=+10 kOe DA T 30 23 IEREF L=, SNBSS ZEIN L% £ 4
K £ CTHET 2 F TR, BEKUIEPTIEIZEGT 4 S B L IEEITo 72,

AT

Ru;MnGe D R —/WIRELL ETH 5 375 K IZINEE, [01015 1712 10 kOe THEE T E1 24T
ST FEEIIZ BT 5 4 K TORKIRGTO NS 5 I FME % Fig. 1 1239, FHIIIRESS 23[110],
[-110]5 M OREEIRPTIE AMR (ZHALL U 7= 6 #rm) 7 h#t 27k LTV 2 Okt LC, FIINEZS A3[100],
[010]/7 Al DEEIE TAMR W48 THds SV TV D BRI 72 it 2 "3 2 E BB 6T e - 72, [100],
[010]5 1A D B 5 ) 7e e BT AR X PORBEMERE R T — A PR SN TV D FEZ R LTV D,
F 72 FerCrSi (3<110>, <-110>J7 A3 e L IR #dl, <100>, <010>5 17 23 L& Sy dh [5]Cd 2 FHoe
5, FREER FeaCrSi D S R 5 PE DS SOBBEIMERIR T — A > P DOEERICEE L TV D Z L AVR
XD, FEEERESUIRK TSI %R’ G-,

A TIE Fe:CrSi/RuMnGe BEBIC BT S @ H I
RHaRE S B L OWESIEHLD RuaMnGe JRIE K [100]
T CIRERIFIE R L, KRS S & A
PLOBHRIZOWT O HIT I,

L Z D&,

1) H. V. Gomonay and V. M. Loktev, Low Temp.
Phys. 40, 17 (2014). ——— —— . : .

2) P. Wadley et al., Science 351, 587 (2016). 4 2 0 2 4 4 2 0 2 4

3) B.G. Park et al, Nat. Mater. 10, 347 (2011). H (kOe) H (kOe)

4) T. Hajiri et al., Phys. Rev. B 95, 134413 (2017).

5) Miyawaki et al., J. Appl. Phys. 114, 073905 (2013).

[110]

[010]

Resistance (arb. unit

Fig. 1. Applied-field direction-dependent
Magnetoresistance of Fe:CrSi (5 nm)
/RuzsMnGe(20 nm) bilayers at 7= 4 K.
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BURIEE SR EIINC K D PO A BERR B O R 2 b —2 g &

AP =L U AT 2, R Sefd
VEERIB(E R G WEE TP ER, 2R R T
Computer simulation of an Antiferromagnetic Domain Wall Motion by a Slope Electric Field
Keisuke Kubota!, Keisuke Yamada?2, and Yoshinobu Nakatani?!
1Graduate School of Informatics and Engineering, The University of Electro-Communications

2 Faculty of Engineering, Gifu University

FL®HIZ

WA, BEREZRIM L= A b L— DR %% 91 HEEBENTB T 2P0 AT O TV 5 [1], BEEBEIOFIEL L TOMBREIC &
DRERCAEVBIMEEAT D2 FER D LM, ZNAOOFETIIHEBEOMREATRE L 2o T2, BIfE, WEREIRBILOIZHOH
To7p L LT, B L D EER BN 0B S TR Y [2,3,4]. SUHR[A] TIRBIRIERIC L 2 SRR COREERBIZ DWW COFREN
1Tz, LavL, SaBEMER(FM) TORMBERE)TlE Walker Break Down(WBD) AL = % & ERERS BRI N RS 22 5N H 5, — ., il
REPEIR(AFM) T OREEERL BN Tlk WBD 23584 L2 ob Z ORBEZ iRk TX 2 L IR SN D, AWFFETIT AFM OREHERIFIZ I CHRNE
WL DHEERBN DO~ AV a~ TR T 4 v 7 VX 2 b— 3 YEITWD.FM COMBEBEIC T 5 AFM CORBESBI O 2 i LT,
ERER

FHRTCHWE FM & AFM OREHEMIBRIZRE S 1R x = 1000 nm, EE5R 2=1.0nm, BATEHR y (ZERKROFEHE Ui, HRHEHK
ITEAFOREE 10000/4m emu/om®, FFPETEEC 0.2 Merglem?®, ZZHAA T+ 7 % ZAFEHL 0.16 perglem, SORRBENEAZHATERL 1/n Gerglem®, $HKE
% 0.01 & L7z[5], ENhHIEL, RAGEEENEF T 55050 L Liz[4], MRERDRIT, BIEMRE S Hmicst LR FHEEREZHFIC
WL EEDZETERAL, BB EE AK, (erglem®) LEFR LTz, BEEOHIMINLE L, MERPL (p=0nm) & L7z,

X 1(a),(0)IZHE D FM & AFM ORBEDIFIZ(L 2R3, K 1@)7 5. AFM OB FM XV EEDSES EAN Y BRN T E 84550 o717,
F72. K 1(b)75 FM Tk WBD 22 & 72—J5, AFM TIiZ WBD BRREAELZ2WNWZ &8 hotz, LLEX D | BAEERIC L BEE R
TR TR (+x Fi1A) ~BEIT A 2 ERHERTTE ., ARM X FM KV EEDOSL S BB Y RRNZ Enshot, 212, AK 12 & D
FM & AFM OREREREE Db AR~ T, KD AFM CIESBIEA I3 UEBES TR FEE S LB L TIN5 Z L 3D, —J7. FM
TIERAATHEN LA 572 < 720 . WBD FAERITEEN DT 22 LB bnd, ULEOFRRNG, AFM O BNEEDILD Y I2k

WTFM XD EBMHERH Y. F72AK, > 1.5 Gerglem* TlX. AFM O 5 3R EE R OENMENH D Z E BNy oTz,

0.5 " ! j j j 0.5 3

0.45 K 0.45 - 5::3

04+ 0.4 -

035 0.35 +
~ 03 . 03r &
E omt § o2t E
a 02 a g2t >
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0os | /A AFM —— | 005 ¢ AFM ——

ol | | _ FM e ol . ‘ _FM e
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¢ (ns) t (ns) ARy (Gerg/om®y
(@) AK, =0.5Gerg/cm* (b) AK, = 4.0 Gerg/cm* Fig. 2 Comparison of domain-wall
velocity between AFM and FM
Fig. 1 Change in time of DW position by the slope electric field y
BN

[1] S.S.P. Parkin,et. al., Science 320, 190 (2008). [2] A.J.schellekens, et. al.,Nat. Commun. 3, 848 (2011). [3] D. Chiba, et. al., Nat. Commun. 3, 888 (2012).

[4] K.Yamada, et. al., Appl. Phys. Lett. 108, 202405(2016). [5] Y.Yamane, et. al., Phys. Rev. B 93, 180408(R) (2016).
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Magnetic domain microscope with micrometer-spot laser for measurement of local magnetization hysteresis
Y. Odagiri, E. Yanagisawa, S. Meguro, S. Saito* (Neoark Corporation, *Tohoku University)

[ZLOIZ  BFE, STT-MRAM [CREENDHAL L b= ZF A 2O BBLEED N TS, ZhBHDOBR T
INARZTIERREN O T IR O BEKURFE DS T /S A ZADPERE~BHEE 1B 5720 | WX AR & 45 AT CORERUFFME
EDORNEBMREAIR T D2 LN EETHD, BEEIET: Kerr 2052 FIVW e — 15 R4 78 O BEAREE I 3RS X A& O Bk R
JEZBhE G CTHUS CTE 5720 o LRI OB KU EHR O 7= IIE SV CD, Kerr 20 BRI,
IS ST X AG O B i O FT L O SRR IS T D EE A RINL | T OBEEE AT 228 CRPTEROBR
JERER AR Z 1D LM ATRETHD [1], LUBE EEAE I X5 SR AL BRI FR TRk 2 7o e BB C /A XD BA %
FDH728 5 B LD E OB RUB I MR D 2 E WL o T, BT TH A2 L, R BI RS IC L — PR R
FAIATZ T, @y M ARDBEX B OBIELZATVN DD @A 72 KR I AR ORI E % FIREL 3 2 2L E B 56 %
1ToT=DTHET D,
SEFEE  RXBEL RIS RIS AT S o, ke @) g ®)| 4
VRV TO A IO FE S A AN U CEL [ « B — 3R « S/ NI A 557
Do TND, BEXBIE SR TR, r—F—MRBAZEE T 57-0% M ‘
HOSALE TESEREIZES (Fig. 1), —HL—PFRTIE, slBEm
T IROE S EZE X EDILERHD (Fig. 1(b)), ZNOEFIFFIZHEL
T, BEXBLEDE R LT CL — YO R AR T DL L LT (Fig N
2), L= HFERTIE, 77 ANN—HAREEHLAR Y MEO E L& X5 - . .
Sl DA LB OL — e — A 15 mm ECIRT, V— Lok e 1 Foousing for () magnete
BESTIIL— VAL o R EEARN T 258G LT, ZOfER, 50 light and (b) optical system with a
xR BB COAR Y MEZE 1 um (U —8B1%3), HDHVY 1ager.
13 3 pm (BEV—BIE2) ETH/NL TS, E-@ ML ORI B RO
RO L — P HIITRE LT E ML | FEEENEE Y 7 A EE J— tmaging camera
AL TEBHRELEZ, ZORE. 1 mdeg DR JEIAELfA THRE T&AHZE =
TR, EAURIE MR L AOROBRERNINIELY 22 dB © SN g W=~ popr  Aseure Lo
Isie, 20, MRE R OIIIHEDT0 , BT, 7HNIAF vivavepite ;
—FBLOER-BE L WAL — D ICE DT/ NF o7 7 25 L 2|
A0 00RO RS (LA 175 %, TREL TS, i
Rl Fig 3 (a) ICERR FO NiFe +F7/3% — U WIEOREX 54 %
(b) (¢) 1TIFI™F—> BIZRAIT/RLIZ 2 JUSOWT, K 650 nm OL— (o “ C3
‘H‘ﬁ%(%+@“bf:)%@?ﬁﬁﬁ)@@Eﬁﬂ%}i%ﬂ?j‘o (b) (C)Tci\ @ft@ﬁik@ﬁi‘ laser beam S Objective lens ?Xﬁ%?;%r)
BN A L7 MR LIRS BLIS TR FRIS (b) CIXAVINE
FI DRI CERE DY L = TN D I E N AL — A2 b FE A fRE L C Fig. 2 Schematic of the newly
WHZENDND, AEENZIDFHAN, BX BN BB EXTISSEDI LI developed magnetic domain
0, R — BB O EPRIEH O —Bh L7 B Z LM ROVITHIFF T 5, microscope with micrometer—spot
BEXH 1) S. Meguro et al., 29" Annl. Conf. Magn. Soc. Jpn., 22pB-5, (2005).  1aser.

Optical
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Fig. 3 (a) Magnetic domain image and (b) (c) magnetization curves of the NiFe patterned thin film.
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Improvement of write error rate in voltage-induced magnetization switching
T. Ikeura'?, Y. Shiota', T. Yamamoto!, T. Nozaki!, Y. Suzuki'?, and S. Yuasa'
('AIST, ?Univ. Tsukuba, *Osaka Univ.)

1 ILBHIC

T R SR PR V&R U 7R b BRI NS, 2 ORI B 11D & BEBEERR A T Y ~0
m%#%ﬁéﬂfwéﬁoL#L&#%sz@Vﬁt®ﬁ%@%%ﬂ%?éﬁﬁﬁﬁf&5&@&%%@
WX OV AR IEE ICBUR TH D . ERICHITZEEEIAAT T —RBWER)D EFENEERFE L 72> T
% ¥, WER ORI 1T @ W EBR RIS X DB EER ERFETH D Z R THIC L VS
Lo TWVAEN D RRHZZOMRBFEEZ T HH TR+ R&EeB\BERLROOND, —F, BERM
[REGVEZE T B HEEINEILE IS U CRIBICELT 5720, BUEKERIZRIH S5 BIE &3 510 < i s
BRI PEDOHE R, oi@ﬂ EMEOR EZEV T LN TE D, AUIETIE, ZOBEEICL HHRE
FHHE R R A FIH U CRRRTOBZ EMEZ BRIIcm L3, BXALT T —F 2T 2 FEICONT
2B A UETAY I ab—va kW RE LT,

2 #HERUEER

B 1 IZART 7 v —F TRALRRHIENIZ N 2 () SV A
&I LV E U D (b)EE RS T ME(Kema) Z AL DR A %
TR, B IZIER OB O E X AL L A EEFIIN(FEFEE fsw,
BIEFRE+IV)IIC L0 mERKE AR ST, mNFHIC
FIIL TV A, 7 AR &l & LosEdh 235 2
LI Y KiEEET 5, KT 7 —F TIXEITZ T,
Bz v AEINRNZ W S A 7 AEEG1 VYEZEINT 5 2 & Tk
PR E T2 BRI T L EZ AL UL A EE ZH]
L. WER ~DREAZFI~T-, K 1(c)ITFLskE DEVZ EME(A) time >
(X% = 5 —S(WER) % ol LTk A =, B 0 ©)

K& S LICBY B BRI E T BT = & 218 HEE

ELTNDLIED, ABDREREFMIEIEFGNRLRSTND, F

7. FNA T AR £ BB OTIRE 0 b OB X f % L0z

—EET DO, 7V AREEE tsw 2B L THAITIEKAF L Tk o

IS AE LTn, 5 O EBE /L ADZ(H) & il LT, 2 LE04

WA T AL & HIN L7254 BB 72 WER IR0 E23 i [ W3 7 REEREE

B, EORIIMIRE < 72518 LA i = & By LEOG § e OV

Teo FeFTIGIHEN R OWERIFIC SV T bR 5. : .

ARG ORI « A ) _— 2 VA L 0 HIERE S 1'Eoso 10 20 30

= TR IE B R 7 1 T A(ImPACT)IC & 0 | B R A

FHE 20 L CEES NI b DO TH D, K1 (a) S ABEOHAR, (b) BEREK
BIPEZALORRKIZ, (¢) = T —3 (WER) (255

1) T. Maruyama, et al. Nat. Nanotech. 4, 158 (2009). T 5 AEIEEIN) SR OB E M D KR

2) Y. Shiota, et al. Nat. Mater. 11, 39 (2012).
3) Y. Shiota et al. Appl. Phys. Express 9, 013001(2016).
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A Study on Analysis of Basic Property of Axial Gap Induction Motor
R.Sakai, Y.Yoshida, K.Tajima
(Akita Univ.)

FLHIC

FHEE—% (IM) [ TRECLMRE—4% & LTIA
SHHHENTWS., THRIYILX Y v ITHEE—X
(AGIM) 1ZX¥ 7 e —FiElEL 25 2 L CKlnlig
TN R DR E AR ET H I ENARETH H 70
EORMBENRESNTWAS Y, KETIE, HEEs—
2O MV EEAEBRRL, o5 L REROER:
NGFRF I, 0 ERERR EAHIRGF T 58560
FRTHD haA HE? &R0 HiEdEo AGIM
ERREL, AMRERMN (FEA) IZTHERDOT T
N¥ vy v THEE—4 (RGIM) L HEFERED g
EAToT-DOTHETB.

ZXIYLXry THEE—2 ORE - &4

Fig.1 Ikt 5 T D 0EK D RGIM DFZIR % 7R~
9. ELL 100 mm, = 7 AEED 30 mm, [EET- & (A
HFMOF v~ 713035 mm Th 5. BERGTIETY
ik, HGFERITIL%T, a7 mbixrHLIza L
=2 FOSHEIZTHE G AN 14 mm TH 5.

Fig.2 IZ#2E L7= AGIM D&% ~d. ¥+ v 7K,
[EliEEROBIHAE L RGIM & LS HREL, FME
oA =y RETESHT 100 mm, #HE (X RGIM
OaATEELRERZED 30mMm & 2Ty REED
7-HNE L RZED 58 mm D 2 % — L ERE L. &
MAET b A 2By, HER0%E LT
L7z oA ZEIC L > TEE T O[]
R 2 RAESITDH LN TE D280, HiEta 2
ORlET LA T vn— G L L.

Fig.3 |2 FEAIZ Ko TRHT L 7o s-T Rtk 2”9,
RGIM, AGIM (30 mm), AGIM (58 mm) D#c K k
L7 13N FH 0.617 Nm, 0.686 Nm, 1.266 Nm T&
D, AGIM (58 mm) % RGIM & [RIZE DAk T K
MLV B2 5T o7~ Table 1|2 kL7 BEDLL
#4759, AGIM (30 mm) (X RGIM & IZIXFRIZ&ED
KK MV THDHNR, af L=y RoEENR/NEL
RV, RAYEEIT2{ELL EOfEE o7,

KBFNC LY, BE L7 AGIM A b L7 # R L
WEHEHTH D Z EBEITICE > TRahiz.

unit:mm

Fig.1 Shape and specification of RGIM to be compared.

unit : mm
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Fig.2 Construction of proposed AGIM.

(a) Overview

14

Ll RGIM _—e<—1.266
’ ——— AGIM (30mm) o Y
= 1 - \
£ ——— AGIM (58 mm -7 \
z CIMESMM __--"0686  0.617 %
Sos8 - \
Sos | R S \
g0 Laee==™" et RSN \
CI i o ~ \
04 face=="" ~o N \
~ N\ \
SoON
02 b SN
‘\\\
0 " " " " Sa
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Slip s
Fig.3 Comparison of Torque-Slip characteristics.

Table 1 Comparison of torque density.

RGIM AGIM AGIM

(30 mm) | (58 mm)
Torque density (Nm/L) 1.470 3.159 3.015
Torque density ratio 1 2.149 2.050

S E 3R

1) Durgesh Kumar Banchhor et al., 2015 International

Conference on Energy, Power and Environment:
Towards Sustainable Growth (ICEPE), DOI:
10.1109/EPETSG.2015.7510124

2) ESEM, HMAEL, HETLIL,

WRFR~Y

T A v 7 AFFEEER, MAG-15-117 (2015)
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Development of a High Efficiency Rare Earth Free Motor by Three Dimensional Magnet Arrangement
H.Saito, Y.Yoshida, K.Tajima

(Akita Univ.)

IFL &I
BE, JR< Kk L TCWDRARAET—Z i34+
MO NMEA STV DAY, A HEERAA Tk
FOm CRIENREELL TWAT=D, fi G A %
L2V EEREL 77 — A7 —F— X OIFJEED Hi
T2 Y, WEOHFETIEEE FERICERL, haay
BT RUCED 7 =T A M B — 2 O KA kA S8
L= 2. AR CIIElEFIcE B L, BEAREE =kt
HINZEZHZET, BE—2MRED Ee b Fa iy,
ERTWEREETILOEN
Fig.1 |2 ELiBR 5 D SPM & — & DR & 36t A 7T,
[EE BRI NMETH Y, RGO, KA
FIXT7 = T4 M & AT LPEREA = V.
Fig.2() ICIEEET NVOEET#7RT. [EETOIME
EFEEIX SPM B—4 L L, BRGIRET e X
WEE AW, FX(b) ICREET VORI 2R
T, =WIeHm [@hm) (EGA 6mm, 2 — 27 & 3mm
D=y FNEEET D Z & CRAaRIBESEML, 7
T4 MEADHITEH bV 7 Ola] ERFEEE 72 5.
Fig.3(a) & N-T 5% 7~7". SPM E— % (Ferrite), SPM
E—4(Neodymium), #EEET VOFEK M7 ITEN
Z# 052Nm, 1.52Nm, 0.93Nm Th-7-. £7-, %
ETANHIIRERREIES A, B, CIZBITHHEKD
bl % Fig.3 IR T, $REEE T /LIT SPM £ — # (Ferrite)
AR 2 KIBIZIRJRC& T D 2 Edbins.
SPM “E—# (Neodymium) & tt_T b [FIFEE OHIR T hH
0, SHEDNNE VT2, REET VI KEIERLTHE
DRSO SPM E—4 L 0 {10 B35 Z LB
MTIp o7, ZOREFNG, |ETT VLS LA
ZE R A AR 2 Lz — & L [RZEL
LOENREERATRETH D Z LRI NI,
B TR
1) EHEHHEZ, JEER), AR T7 =74 b
Wit & 7= @ PERE PMASYNRM DA% & 4
M) FE2%E D, Vol.131 No.12 PP.1401-1407
2) CESRHER, HEAEL, BEBRX T heA 2
BB T 2T A MG E— X DOEBE
{LIZBE9 2% %%, MAG-15-117 (2015)
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Rotor core
E|E
E|E
o | m
o |0 !
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Magnet
v
Stack length 30mm
Permanent magnet material SSR-420 or NEOMAX-42
Core material 50JN1300
Number of slots 24
Number of poles 4
Winding method distributed
Number of winding turns / slot 40 turns

Fig.1 Shape and specification of SPM motor
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Fig.2 Shape of Proposed model
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Fig.3 Comparison of characteristics
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Performance Calculation of Field-Winding type Claw-Pole Motor based on Reluctance Network Analysis
Y. Ichikawa, K. Nakamura, *S. Jung, *N. Kurimoto
(Tohoku University, *DENSO CORPORATION)

[FLHIC

R, =2 o/NMEEHIEOERITK L, g
Z3WTibT 5 2 & T, #hi EEBROZEMPIHEE
o, M EMESEDLTATT RN OlE
ERTWB VA Zod0—o>ThD, REEEEM
Ja—R—E—XL, TKROWE LT Thimrab
72 REER 7R A IE D [B1#E -850 O H T [FLL PR IS & D
T RBEBREIND D Z LN TE D120, BREAR
ERIBIZEODLZ EMTE S, 2, REEREH
T 5T, —fRIKARBA R OE—2 X
0 b INEPH R R R 2 AT 5, L Lann s,

AT —Z OEMERIEICIE, 3T NETH D
&, ElEEETERICIN, ﬁﬁﬁ&'ﬂa{)lu%ﬁiu1ﬁ]/\7
A=K LB, ERMEEEET H-0ITIE, B
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bbb, TZTARTIE, VIIZHL ALY NU—F
fiEHT (RNA) 12HESL 7 a—R—LE— ¥ OFE
EIZOWTHH 2T =D THRET 5,

RNA [2&k %97 A—FR—ILE—42 OEHTERE
Fig. 112, 7 m—R—/LE—&% OIEARR % RT,
MR 72 RFE 2 14 L C, Fig. 223 & 5 12
Mricix U8 =7 vz vz, F-RRKOICRT LD
\Z, RNAET /LVOEHIZEEL T, #HiczoTwn
6mﬁ®W%%&ﬁ_Fubtoﬁgamm,mm
ICHASL 7 —R—LE—2 OHEIA, LU EH
Hoarnd, RKNRT LI, T—FXE2ER0ER
WZEIL, &2 OBEFEEFRKOICRT L9 7% 3%kt
DHMBRRIE TRT, 22T, KPS
SEIEZO~IE L MEIO B-H A HRD B Z L
TE 5, 2B, 2 CiREEEFELLITOW TR
FetE D IERIEMEEZ BB L, BETE 80OV TIHE
HLTWD

BHL7-Z7 a0—R—/LE—H D RNAET/ILDZ
MPEIZOWCRH T 272, AIREFEE (FEM) O
fE g & R R 21T - 72, 7235, FEM ORI IRIE
Fig. 2(b)iZ/R L7= RNAET /L ERl—& L7z, Fig 4
(R TR 3A, [Al#i5%k 450 rpm CTHERE) S w7255
%%%ﬁmﬁbw&%ﬁ@ﬁﬁérﬁo_®l%ﬁ
5 EMEITLLS —FHLTEY, RNA OZ 4N TR
ENs, £72, MPEOFHFERRIT FEM BBk X
Z 2L I CH - 7= DIzxt L, RNA X 10 pFRETH
D,%%HL@%*%W@@%&EMKO

Rotor

ﬂ"“’"&

&

Stator Field winding
Fig. 1 Basic configuration of a claw-pole motor.

'»

(a)Actual model (b)RNA model
Fig. 2 RNA model of the claw-pole motor.

Number of
division g 0 z
Stator 4 60 1
Gap 1 60 5
Rotor 4 15~60 5
Field side 12

(2)The motor division based on RNA

(b)Three-dimensional unit magnetic circuit
Fig. 3 Motor division and unit magnetic circuit based on RNA.
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Line :RNA
Symbols : FEM(RNA model)
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Armature current I, (p.u.)
Fig. 4 Armature current versus torque characteristics.

L ZD&, N
1) BEAMIG, W, e, REFEAN, AR T4,

ZEEREE, B D, 129, 1004 (2009).
2) #kEIE#, ==&y AP 4,30, C5-3-1 (2010).
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Hysteresis Modeling for Reluctance Network Analysis
Y. Hane, H. Tanaka, K. Nakamura

(Tohoku University)
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Fig. 3 Comparison of measured and calculated hysteresis loops.
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Electromagnetic and thermal Coupled Analysis for PM Motor based on Reluctance Network Analysis
K. Kawamura, K. Nakamura
(Tohoku University)
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Fig. 1 Schematic diagram of outer-rotor-type PM motor.

Table. 1 Specifications of the PM motor.

Number of slot 6
Number of pole 4
Stack length 11.9 mm
Number of windings/pole 48
Magnetic length 3mm
Core material 35A300
Magnet material Nd-Fe-B

Back yoke N pole | S pole

Nagner 44

Air gap : - :
T
Stator

M i M

Fig. 2 Apart of the RNA model of the PM motor.
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Fig. 3 Comparison of calculated fluxes flowing into a certain
part of the magnet.
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Fundamental Study on Heat Treatment Effect of Non-oriented Electrical Steel Sheets in Magnetic Field
Kazuya Kouhara, Tsukuru Kinoshita*, Hiroyasu Shimoji**, Takeru Sato, Takashi Todaka
(Oita Univ., * SHI., ** QOita Idus. Rese. Insti.)
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2, pp. 162-167, 2017 (in press)
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Iron loss estimation of amorphous wound core with lap-joint for high-frequency transformers
Naoyuki Kurita, Tomoyuki Hatakeyama, Mamoru Kimura
(Research & Development Group, Hitachi Ltd.)
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Fig.2 f-performances of loss per cycle of tested cores

Table 1 Comparison of loss coefficients in eq. (2)

BEE ABCRIT, ESIOPERIFEIEAN B Rk — - BEHE

Name Ay A, A,
= e 4] = e ke «‘ /;\3 . <
T’TTF%%B*A%*%(NEDO)@inE%TJJ DRERELNTZHDOTHD o Wound core A 8.00x10% | 1.65%10° | 1.80x10%
p 2B N Wound core B | 8,00x10* | 2.50x10°® | 1.80x10*
) _ Laminated part 4 7 4
1) G. Ortiz et al: Proc. of IECON 2010, pp. 631-638. (Extracted) 8.00x10™ | 3.48x10"" | 1.73x10

2) G. Bertotti: IEEE Trans. Magnetics, 24, pp.621-630 (1988). As cast foil? 126x10° | 3.24x107 | 1.32x10°
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Evaluation of building factor of amorphous magnetic material
Inoue Kota, Takeru Sato, Takashi Todaka,
(Oita Univ.)
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Magnetic Field Analysis for Micro Processing of Flat Plate Utilizing Magnetic Compound Fluid
S. Ikeda, H. Yamamoto, T. Shimizu, K. Nishijima, Y. Sakurai, H. Nishida
(National Institute of Technology, Toyama College)
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Collaboration and Invisible Gap between Magnetics & Power Electronics
Researchers

- Toward Better Magnetic Design of Inverter-Driven Equipment -

Masahiro Yamaguchi
(Department of Electrical Engineering, Tohoku University)

Many of the manufacturing industries meet revolutionary change in high-power electronics, controls, and
communication links. Everyone in this scientific/technological field believes that magnetic and power electronic
co-design/analysis greatly improve the equipment performance and extensively the quality of life. Nevertheless
everyone also feels invisible gap between magnetic and power electronic approaches to solve the problems. In particular,
design of non-linear magnetic core losses under non-sinusoidal wave excitation is a matter of common concern but
differently approached by the two communities.

This talk firstly reviews the magnetic approach to analyze the core losses, which is featured by physical and
material-scientific interests. Then power-system approach from the power electronics community will be introduced.
The author suggests magnetic researchers to try finding physical/material meaning of behavior models suggested by
power electronics side, and power electronics researchers to develop tools to apply non-sinusoidal magnetic field source
to magnetics side.

Reference

1) R. M. Bozorth
2) Preisach

3) D.Cliles

4) Play

5) Sakaki

6) Shimizu
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Recent progress in Fe-based amorphous and nano-crystalline alloys
for use in motor cores
Shin Nakajima', Daichi Azuma®, Yuichi Ogawa®, Motoki Ohta®and Ryusuke

Hasegawa’

! Soft Magnetic Materials and Components Business Unit, Hitachi Metals, Ltd., Tokyo 108-8224, Japan
2 Metglas Yasugi Works, Hitachi Metals, Ltd., 692-8601
3Metallurgical Research Laboratory, Hitachi Metals, Ltd., Shimane 692-8601, Japan
* Metglas, Inc., Conway, SC 29526, U.S.A.

One of the most effective methods to reduce core loss in motor cores is to use superior soft magnetic materials.
Non-oriented electrical steel (NO) is generally used for motor cores and core loss is reduced by decreasing its thickness
to suppress eddy current loss. The thickness of currently commercial NOs ranges from 0.35 mm to 0.15 mm. However,
from the standpoint of core loss reduction, it is much more effective to change core material from NO to Fe-based
amorphous (Fe-based AM) or Fe-based nano-crystalline alloys (Fe-based NANO).

Table 1 lists magnetic properties of Fe-based AM Metglas® 2605SA1 (2605SA1), Fe-based NANO and NO. Core
losses of 2605SA1 and Fe-based NANO are approximately 1/10 or less than that of a conventional NO (35H300). On
the other hand, these materials have some disadvantages in manufacturing motor cores.

Fe-based AM is obtained in the form of thin strip by solidifying molten metal at cooling rates of more than 10° K/s
which is faster than the growth rate of crystalline nuclei with single-roll rapid-solidification method. As-cast Fe-based
AM has large internal stresses introduced by rapid solidification. Therefore, the stress relief annealing is essential to
obtain better magnetic properties as indicated on “Non-field annealing” line in Table 1. However, the annealed Fe-based
AM becomes slightly brittle. When the as cast Fe-based AM on “Non-annealing” in Table 1 is mainly considered in AM
motor core, the core loss of the motor core is still much lower than that of NO. The thickness of an Fe-based AM strip is
much smaller at approximately 0.025 mm, which is less than 1/10 of that of a conventional NO. And its Vickers
hardness is 900, which is approximately 5 times that of NO. Therefore it is difficult to apply the conventional punching
technique to Fe-based AM core manufacturing. Therefore IE5 efficiency class axial gap motors using Fe-based AM
laminated stator cores manufactured with slitting and shearing methods, which are widely used for manufacturing
Fe-based AM transformer cores, have been developed and commercialized.

Fe-based Nano is also cast by single-roll rapid-solidification method. Therefore the as-cast state has almost the same
physical properties, such as thickness and hardness, as those of Fe-based AM. And Fe-based NANO requires high
temperature annealing comparable with Fe-based AM in order to create nanocrystalline structure. Therefore Fe-based
NANO is much more brittle than annealed Fe-based AM. In order to commercialize an Fe-based NANO motor, it is
necessary to develop a core manufacturing method that is applicable to brittle alloy thin strips.

References
1) M. Ohtaand Y. Yoshizawa, Appl. Phys. Express 2, 023005 (2009)
2) M. Ohtaand R. Hasegawa, IEEE Trans. Magn., vol. 53, 2000205 (2017).

Table 1 Magnetic properties comparison between nanocrystalline alloys and conventional materials

Material Bs (T) | Pisiso (W/KG) | Pioaoo (W/kg) | Pionk (W/kg)
Fe-based AM Non-field annealing 156 0.22 typ. 0.81 typ. 3.0 typ.
2605SA1 Non-annealing — 2.2 typ. 7.4 typ.
FINEMET® FT-3M 1.23 — 0.12 typ. 0.57 typ.
Ee-based Feg,Cu;Nb;SiyB;,Y 1.78 0.20 1.3 4.4
NANG Fego.sCU; 2Si,B1;P,Y 1.79 0.18 1.8 6.8
FegosCUy 5Si4B14” 1.80 0.27 1.6 5.8
Feg: sCU; oM0g,Si,B1,? 1.75 0.28 15 5.0
35H300 (t=0.35 mm) 2.0 2.4 typ. 18 typ. 78 typ.
NO 15HX1000 (t=0.15 mm) 2.0 2.0 typ. 9.3 typ. 33 typ.
6.5% Si-Fe 10JNEX900 (t=0.1 mm) 1.8 — 5.7 typ. 18.7 typ.
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Soft Ferrite Materials in Power Electronics

I. Nakahata®, K. Mori and M.Watanabe?
! Materials development Center, TDK Corporation, Narita 286-8588, Japan
2 Magnetics business group, TDK Corporation, Nikaho 018-0040, Japan

Magnetic materials are roughly classified into metallic magnetic materials and oxide magnetic materials by their
composition. And, by their magnetic properties, magnetic materials are also classified into soft magnetic materials
having the smaller coercive force (Hc) and hard magnetic materials having the large Hc. (figure 1)

Ferrites are well known as typical oxide magnetic materials. Since OP magnet and CuZn ferrite core were invented by
Kato and Takei at 1930’s, various kinds of hard/soft ferrites have been developed and used in many applications.

Soft ferrites are one of the important materials for power electronics, even today. Generally, the saturation magnetic flux
densities of ferrite materials are smaller than that of metallic soft magnetic materials such as permalloy and silicon steel.
However, because of their higher electrical resistivity, ferrites have superior magnetic properties at high-frequency.
Therefore, soft ferrites have been widely used as the core of inductor and transformer for high-frequency.

Mnzn ferrites and NiCuzn ferrites are well known as representative materials of soft ferrite.

Since these ferrites have different magnetic characteristics, suitable applications are different. For example, as shown in
figure 2, appropriate operating frequency range is different by their different permeability range.

There are various magnetic materials, and even for only Mnzn ferrite used as the core of transformer, there are many
kinds of materials with different magnetic properties such as permeability, coreloss and saturation magnetic flux density.
Therefore, it is important to understand magnetic features of various magnetic materials to select suitable materials for
applications.

On the other hand, it is becoming more and more important to consider actual operating condition and usage on recent
development of magnetic materials.

In the presentation, the recent topic on the development of ferrite materials and its application examples in power
electronics will be reported.

. ‘- MnZn ferrite 105
Soft magnetism NiCuZn ferrite
"
__| Oxide 10 MnZn
(Ferrite) .
: Ba ferrite Ferrite _ Snoek’s limit line
Hard magnetism 1 Sr ferrite 103
Magnetic | | R -
Material Silicon steel 102
Permalloy
Soft magnetism { Sendust
Amorphous alloy 10
L Nanoclystallline alloy
Hexago
[ Fe-based alloy 0% 102 107 1 10 102 10°  10¢
Hard magnetism 1 o o earth magnet Frequency(MHz)
Figure 1. The classification of magnetic materials, and Figure 2. Schematic image of relationship between initial
representative materials permeability range of ferrites and its appropriate operating
frequency range.”
Reference

1) T.Hiraga: Ferrite (in Japanese), p.89 (Maruzen, Tokyo,1986)
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Magnetic material and magnetic measurement of the traction electric motor
for high efficiency and miniaturization
H. Nakai! 1 Toyota Central R&D Labs., Inc., Nagakute, Aichi 480-1192, Japan

Compared to other types of electric motors used in vehicles, traction electric motors, which are used in hybrid vehicles (HVs),
plug-in hybrid vehicles (PHVs), and electric vehicles (EVs), have a long operation time and a large output. In order to drive a vehicle,
a motor must have a wide operation area. Motors are most frequently used under light- to medium-load conditions, and are driven by
an inverter. Based on the above characteristics, traction electrical motors must be highly efficient and compact. In order for motors to
satisfy these demands, high performance is also expected for magnetic materials.

Miniaturization of motors can provide an increase in the output power with the same volume, or in other words an increase in the
output density. Increasing the rotation speed and torque are effective means for increasing the output density. It is desirable for the
rotor to be constructed of a high-strength core material in order to increase the rotation speed. High torque density can be achieved by
improving the saturation magnetic flux density and the space factor in the core material. In order to realize a high-efficiency motor, it
is necessary to lower the iron and copper losses. Iron loss is caused by magnetic flux fluctuations. Therefore, reducing unnecessary
magnetic flux, which does not contribute to the torque, and selecting an appropriate core material according to the flux fluctuation, are
effective strategies for improving the efficiency.

Magnetic flux in the motor exhibits various behavior. Alternating flux is dominant in the stator teeth and the stator back yoke, while
rotating flux is dominant in the tips of the stator teeth and in the joint of the stator teeth and back yoke. On a rotor, a DC flux is generated
by a permanent magnet and a fundamental waveform of stator currents. At the area near the air gap, the magnetic flux fluctuates due to
a change in the magnetic resistance. Moreover, an inverter superimposes high-frequency magnetic flux having a switching frequency
on the above-mentioned magnetic fluxes. On the other hand, various mechanical situations occur in the motor. For example, for the
case in which the stator is fixed by shrink fitting, a large stress is applied to the stator back yoke. In addition, when the coil end is
compressed in order to miniaturize the height of the coil end, the stator core is subjected to stress in the direction of the rotation axis.
As described above, the manner in which the magnetic flux flows and the manner in which the stress is applied are different for each
portion. In motor design, it is important to know in detail the types of phenomena that occur for each portion. Understanding each
phenomenon makes it possible to choose the appropriate materials in a suitable shape. Magnetic measurement is important in order to
determine the characteristics of the materials. The next paragraph describes two important measurement examples.

First, we show the apparatus for measuring the rotational magnetic flux". In this apparatus, the number of teeth of the ex-
citation yoke is increased from four (in the conventional apparatus) to eight. The eight teeth are divided into two groups, a
main-pole and a sub-pole, and different currents flow in the exciting coil on the main-pole and the exciting coil on the sub-
pole. This makes generating a rotating magnetic field in the measurement part in the center of the specimen easy at high
magnetic flux density. By setting the ratio of the magnetomotive force distribution of the sub-pole to the main pole to 30:70,
this apparatus made it possible to measure the iron loss under the condi-

tion that there is a rotating magnetic flux up to 1.9 T, as shown in Fig. 1.

Figure 2 shows the thin needle probes on a steel sheet used to measure a o

magnetic property under out-of-plane stress”. Measurement is performed T8

while pressurizing the measurement part from the normal direction of the %

plate. Therefore, the wire diameter of conventional search coils is too thick g 24

to generate uniform pressure. Therefore, thin-film probes were fabricated on g o

the surface of the sheet by sputtering, and the magnetic flux was measured 20

using the principle of the probe method. Since the probe formed by sputter- 12 13 14 15 16 17 18 18

ing is as thin as 20 um, it is possible to perform measurement while applying Pl deneity: ()

pressure. The measurement results revealed that the iron loss increased or Fig. 1 Measurement results for the rotational flux."

decreased depending on the direction of the magnetic flux by pressurization. L.
Polyimide
coating

By measuring the magnetic characteristics, we can design an electric mo-
tor that considers these properties in detail, allowing the design of highly

efficient and high power density motors.
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Fig. 2 Thin needle probe on a steel sheet.”
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Required Magnetic Material Excited by Power Electronics Equipment

Keisuke Fujisaki
(Toyota Technological Institute)

Energy magnetic material of soft one as well as hard one is used in electrical energy circumstance in order to obtain
high magnetic flux density in small external magnetic field. Electrical motor, transformer and inductor are its
application. Because of power semiconductor development, power electronics technology is widely applied to electrical
energy. So power magnetic material is said to be excited by and used in power electronics equipment.

One of the most important key technologies in power electronics is a switching operation. By using it, the energy
consumption in the power semiconductor becomes small, and then the electrical energy conversion such as AC to DC or
DC to AC in any voltage and any frequency can be realized in high efficient and in high responsibility. So an electrical
motor excited by inverter, a kind of power electronics equipment, makes it possible to rotate in variable velocity. Now
the motor drive system can be applied to all the transportation vehicle such as automobile, ship and airplane.

However, this tendency of power electronics excitation makes energy magnetic material in a new operated condition.
Usually, it is excited in commercial frequency without harmonics components basically as far as it is used in connection
with electrical energy network directly. In power electronics circumstance, an operating frequency becomes high and
electrical current and voltage has harmonics components. High frequency operation is required to make the electrical
components small, and harmonics components always generates because of the switching operation of power
semiconductors.

This tendency has been already realized in small electrical energy equipment such as mobile phone or notebook
personal computer. The operating condition is MHz to GHz frequency in mW to W electrical power. However, the new
tendency as transportation revolution and new material of SiC and GaN requires a new operation condition as kHz to
MHz in kW to MW, which can be realized by power electronics research. New magnetic material is strongly expected.
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Fig. 1. Required magnetic material by power electronics development for new transportation system.
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Reduction of Fe dead layer with nitrided under layer in formation of L1o- FePt fabricated by Rapid Thermal Annealing
K. Miyoshi?, M. Tanaka?, Y. Futakawa®, and A. Tsukamoto?
Graduate School of Science and Technology Nihon Univ.?, College of Science and Technology, Nihon Univ.?
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Coercive Force Hc of FePt (a) on SiOx,
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) Masay g 9. My (b) - (d) on SiN(t = 5, 60, 120 nm).
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Increase of FePt particles surface coverage by multiple particles nucleation with nano-template substrate
Masahiro Tanaka” , Keisuke Miyoshi® and Arata Tsukamoto?
( Graduate School of Science and Technology Nihon Univ.,”, College of Science and Technology, Nihon Univ.,?)
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Fig.3 SEM planer view images of FePt particles of
each samples.
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Compositional dependency of areal density of grains and coercivity for isolated L1, — FePt grains
on nano silica particle structured substrate with Rapid thermal annealing method
Tetsuya Makino?, Yasuhiro Futakawa? Arata Tsukamoto?
Graduate School of Science and Technology Nihon Univ.D, College of Science and Technology, Nihon Univ.?)
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WELTWD. UL, BERURRME &R 7508 B C R DK AR 2 R 3772 Llo A db blc & 2 M S e
RS ENINEE O ) OMRRE) E R T REDO R B ETE R & S EBT 2 Z RN E oo . & 2Tz ICmBIE
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ICM. ' p. 1493(2015) Fig. 3 Compositional dependency of Out of
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Formation of high coercivity particle array by Rapid Thermal Annealing of monodisperse FePt periodic structure
Toshiki Naeki?, Masahiro Tanaka®), Tetsuya Makino®, Hiroki Yoshikawa?, and Arata Tsukamoto?

Graduate School of Science and Technology Nihon Univ.? College of Science and Technology, Nihon Univ.?
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TLETLURAMNERELPY Fe Ry MAERIL 7. EZ2IRIZTHRIMR
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Fig. 1 SEM planer
view of FePt particles
fabricated by RTA.
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Fig. 2 SEM planer view of FePt pattern
(a1), (b1) Lift off, (a2) heating rate:
100 °C/h. (b2) heating rate: 180 °C/ sec.
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Fig. 3 M-H curves for FePt particles in
out-of-plane. (a2) heating rate: 100 °C/ h.
and (b2) heating rate: 180 °C/ sec.

1) A. ltoh, A. Tsukamoto, S. Okame and K. Mizusawa: J. Magn. Soc. Jpn. 36, 62-65(2012).
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Bumpy underlayer for controlling orientation and promoting columnar growth
of L1, FePt-based granular media
Akihiro Shimizu, Shintaro Hinata, Tsubasa Okada, and Shin Saito (Tohoku Univ.)

[XCWHIT B FEERIEIR D FE SR 1% 2022 45 & TIT 4 Thit/in? & O@EEEL RO 5N TRV D, 2z KB
T HRMAROBEKFELE S E L TET & A MEgEKFEEER 7L (Heat Assisted Magnetic Recording, HAMR) 73 H
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ANTRIEZXT Yy VRIS LHT L, 2T MRS T =2 THBOERIZIL, &R-F it & M E A
TOTHREZENTL2ZERAMTHL Y, ZNHEFEBT D720, Fig LIORTHELZRET 2, T80
H. cmbim L7z Ll FePt O ~T B = X X2 v LR O 72D, THUE ORI % bee (002) . hep (11.0)

LY Fa TR T =2 THBOEBL O DX, Bk & LT FePt-i{b®). M FHIE & LT Ar
HAETER S 72 Ru(RuP) J8 92T 5 2 & T Ko BEIERE RIS =2 7 DRpR LT 7T = 2 T A D
FHLAZ BT, ABKRTILRIME OB M X OREZREIZ DWW TR L 72D THE T2,

RERER BB IZa - NigTan (20 nm) /Cr (5nm) / CrgMoz (20 nm) / CogoCrasPti,Bs (CCPB, 10 nm)
/Ru (8.0Pa, 20nm) & L7z, bcc CrMo JE 35 X O hep CCPB J& i bee Cr — hep Ru J& B DR F-5EFN1 0D 72 6D 12 7%
7z, AaEHZL, Out-of-plane XRD HIEIZ L W CCPB Jgis L OV Ru &2 hep (11.0) Bl L C\5 2 & ZffER8 L
TW5, Fig. 2 (ZiX RUMED (a) R HEEMEE (AFM) 4B L0 (b) EfFREE M (TEM) 4%
A7, (@) £V RuPJBIZERAAK 8 nm OFEERIAY 3 ~ 4 (HEMRIKITHE 2R o o R (LT, MEIEER) TR S
TNDZENbnd, ZOMEREREOIKRZEITEE S/ TH 1.4 nm, K51 T0.6nm Th o7z, BITH
Ao Ru FTHUBICE T 2 REH ST 1.50m TH B 7280, FHll G oM ITIIERRETH 5, (b) L9 FE—
OREERT (BPEN) TIIETRROFLRFE—Th D 2 &0 D FEIERERERR T 5 5SRO & 5 AL A3M i > T
WD ZERDND, FEET MO REORRAEFHME L7 & 25 Ru (00.2) OmENEEXIG Lz, ZDOZ &%
Ru @ ¢ il 3HEEROELII S M Z N TV D Z & 2R LTV 5, il TIIHERDORIRDEE D5 A =
WZOW T TEM OBIERE R 72 882 Tk 5%,

SEX# 1) Roadmap of Advanced storage technology consortium (2016). 2) D. Weller, O. Mosendz, G. Parker, S.
Pisana, and T. Santos, Phys. Status. Solidi., 210, 1245 (2013). 3) T. Oikawa, M. Nakamura, H. Uwazumi, T. Shimatsu,
H. Muraoka, and Y. Nakamura, IEEE. Trans. Magn., 38, 1976 (2002). 4) K. Hono, B. Wong, D.E. Laughlin, J. Appl.

Phys., 68, 4834 (1990).

1.4 nm
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B
&

&
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Longitudinal media PMR media

Texture inducing layer
Sub. |

30
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Fig. 1 Schematic of proposed = : ; .
. g.2 (a) Plane-view TEM image (b) AFM surface topography image
structure for FePt granular media for (11.0) oriented Ru" film.

with columnar structure.
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L1, HIE G & Hf OFePtE &R T B ¥ X 3 v LI O 5k B Rk

CRIERE - KB R - AR - RPT TR
(P RR)
Growth Mechanism of L1,-ordered FePt Epitaxial Magnetic Thin Films
Masaaki Futamoto, Tomoki Shimizu, Masahiro Nakamura, and Mitsuru Ohtake
(Chuo University)

XU I L1 RIS % H> A 4 (FePt, FePd, CoPt)i% 107 erg/lem3Ll b DK & 72 Ky & B R4S BT

FUERIEARSMRAM 72 E ~DISHPRFT STV 5, Z O EHIAL RHLAEED D L1o SRR E ~DFRZE
ReZ i, A & T 272 0IIEEIE TOBUEENSE L 72 5, BtET A ZGH TR (D) dilioTEE
Bor, Q@EWRRIE, Q) FEERRiE, 2FEETHZ ENROOLND, dlifidf S5 728, MgO(001)
72 E OO T HE FICHEMEREZ = B2 2 v LR S LEATNTER S D, L, mERIRET
IR AT 5 & mRI IS O3 7 7y MlENE Z > THEEm ORI KL, S 512X
JEEIELL Cﬁkfbfﬁﬂﬂﬁﬂﬁﬁﬁﬂ%ﬁb\fcﬂ) TV MERPRIET D &V O MBS B AEET D, Fox i, ek
BRI RS 2 JEA0 FHIATEL & ORI S, R r V¥ — (J) . B X OBVLELNERE & A REB]
GUZEB LT, EEL3IHA %HH#J%Ekﬁ—%) f;@®ﬂ<1¢*ﬁnf%’ﬁo TWAH 1, AiFZETIX, RHEED, XRD,
AFM, TEM#% W THEEOHEREZ T TR E2 2R LT, Llo= X %3 v LR O Rk S % i
FfLie,

#REER  Fig.l (2MgO(001)(a = 0.4212 nm, J = 1.4 J/m?)35 JL T'VN(001)(a = 0.4136 nm, J = 2.5 J/m?) T #!
IR L= SRR 2 nmad L1o-FePtifi(a = 0.3842, ¢ = 0.3702 nm, J = 2.1 JIm?) D AFM{4 % 713, FePtiisi| %
WAL S clli2S FREAL A L CU 5 23, MgO_ECIEIMNmhz 74k, VN T HEE CI3E g (R, = 0.1 nm) 728 fge s
DELNTVD, LlgiimikEiRfETr 7
Ty MRE A IS ST Rm = R F
— K TL1o-FePtifi s FEH L W K& < T
b EX XUy LR E LSS FTHE
DIERPAENTH DL & ﬁxﬁﬁwu Ehiz,
Fig.2 13X MgO(001) FHi @ LIz ik L 7=
L1o-Fe(Pt,Pd)iE D & /\ﬁ%ﬁﬁETEM{%{ﬁ ThHY,
THRE TSI A7 4w MR Y T Fig. 1 AFM images of Llo-ordered FePt films of 2-nm
UM DA S TN G, AHHIAL  average thickness formed on (a) MgO and (b) VN layers.
T B L1 RIS ~ DA RE Tl —F SEERENEEN

Hi & O T RIS THER SN TE T *
LA b DR AR & R IC R & foeﬂf*i.“%:&
IFLTWD Z LR o T, BAEREEIX
BEMELOEE N KT 5 L KT 56

........

- 038nm I

K
o

S D, LLohk b DR 25 5

Z LT R0 B CHAINE U7 (< 10 Fio TE ‘L F (P' 'Pd) o
JH 7 - N g. images o lo-Fe(Pt, ilm grown on
nm) O CHNEIAC IR 2455 = & 1307 A MgO(001). (a) Lattice line contrast, (b) TEM image

HETHD EEDND, corresponding to (a), and (c) atomic structure around the
interface.
L 2 BN

1) M. Futamoto, M. Nakamura, M. Ohtake, N. Inaba, and T. Shimotsu, AIP Adv., 6, 085302 (2016).
2)  HR, %G, OKRYT, R, Mil%E, RREE, 15 H0R 116, MR2016-14, pp. 13-18 (2016).
3) VHAK, A, BA, KT, K, WEF, R, {5570 116, MR2016-40, pp. 63-67 (2016).
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BT LA NERELERBA ] Co-Y &4 TEBEORES b e
CHM CEKREA, AT, FEE M CRIERT)

Crystal structure and magnetic properties for Co-Y film for heat assisted magnetic recording
“Shintaro Hinata, Kai Hayashishita, and Shin Saito (Tohoku University)

[FLOHIC FEMKGCRBLARITARE ~ BB ENER SN TEY . U4 Tl 4 Thit/inch® & 0 i RE§k B A% H A%
EINTHEY ), ZOEBLOZDIZITET v A MiEGEEEK (heat assisted magnetic recording, HAMR) HXH3 8
RENTWD, ZOmek 7 CiE, MbEREabk & LT, MHMkic X 2 BMEELIZHIT 5 107 erglem’ B O FE W —
RS SRR T M (K 2 AT 28BN E ] S0 5 BUERE AU TSR S 41TV 2 HAMR SR IR EH T L1, FePt
BERERRLITH D0, MHMEDOE VST RRISGENTZD Y 7o MRRA LT, B2 EHICRILL
WL WRRBES N D D, AFFETlL. K, 2 L1, FePt S AFIEFSETH 0 JFREDOIRWAS TR O D2 & A9
% CosY, (1:5 #H) A4 2ITiEH L. £ D HAMR BEAR~DEHIC OV THRF L7z, AKFEETIE, Co~D Y I
ﬁu{;%i%{;ftéﬁfﬁiﬁ*ﬂdzowf 1: 5 FHDTERREAFIZ OV TIRET L. £ O & KEFHEIZ DWW TIRA L 720
T&D E)o

%ﬁﬁ% COIOO-xYx Eﬂﬁo)ﬁiﬂﬁai Co &. Y &”—bjy }\O) T T T 1
= Ay SIEIC K5 T ORIBIRIE Ty =500CICERI L2 Coyg,Y. AL LT L coay
JEHERR 13 NigTag (40 nm)/ Cu (20 nm)/ Cop, Y, (20 nm) > ILHON - (LT
L L7z, 2 COMRICENT, Co-Y MMERESRIL ¢ x (at%) ’ '
B LTV 5 Z & % out-of-plane XRD (2 & » CTHER L7z, 60— NN —
Figure 1 1Z1% CoygoxYx 1D In-plane XRD 7' &2 7 7 A 1
w%@b@Y%Exﬁowfijy§%®kbiﬁﬂﬂ 504 ; g
CoY 1:5HEBLV2: 1THOMANRY —ZRLT, ] : o)
707 7 A VORI E L x SRS LTS, x = 0-7.5 40+w-JJL_-J“W¥g;
at%|Z BV TUL Co 38 LTV CoY 21 17 ALK D [EHT#R, x = ] | =
10.5-20 at %IZ 3BV TiZ CoY 2 : 174HI L O - SAHD [T 304 w
ﬁﬁ%wéhko:@ﬁfﬁ\uYh5f®M$%§§ 0018 JCUEN. Z
(CTh D x=16.7 %D EHI BT 1: S FHDO TR ] ‘ > ~
NP LS HE 2017 ML ORMEMERS NG Z & 2R ;:::ﬁf&““*“ﬁﬁ:
LCW5, Bl bFEmARE Y OFREHZ OV THEE % 10— N a3
FHE L= & Z A, x=23at%llB W TIIE 1: S FHOHZN ] 2
BRHIEZNDZEDPHEALNE STV D, F72, x=40-60 01— . . St
at%Z BV TIE CoY 1 : SAHDEIFTHRO A BBIER S T, 20 40 60 80
Z OFERIE Co 1T 55 20 at.%LL LD Y 23 Co & Fidh Diffraction angle, 20, (deg)

B DL =y AD A AN AN 3 A
= i)% FEﬁﬂﬁ H %%}F/ﬁk L7s & &R ZLTND, Fig. 1 In-plane XRD profiles for NiTa/ Cu/ Cojp0xYx films

Figjlrff 2120F (a) x = 16.7 at.%Fs LY (b)#23at-% Ea%as deposited at substrate temperature of 500°C.
DIEBREF 25 kOe (235155 M7 #ifE R LT\ 5,
FRRE X ORI E N E N EdSE X OWEERE D ~ L2
RIS UL e 5/ B TN LIXF D o lz 8\ CTHI TR 3r
PHBUCH LCHN, BETHS = & 2FRL TV, (@)

2 —— Forward
Backward

(a) (TFUWNTIE, BUBHE /IR L ©S b B B IRIED §
B7p HHRAMFAE L TV D, ZAUTRBHNIZI W THRE o
R OENRR R % R SRR LT\ 5 2 & g
B LTV 5, (b) IZB W TIHIEER 5.5 dyne-cm DR %
5
k)

BHEPEZ Ty S B A L7 i E&E s s, F7-.
PRI N A B AT CIEailis b oL 7 fiRREIC e AT U o
ZHEENE U2, ZOFREEIT x=23 at% OB CIXEW
BRBIEME A R TR ERINE & A EEEET, 0%
() 70 TR B R  JT MERE AN EN AT IS 25 kOe L W ELRT
HHZEETBELTVD, £, ZoRBHZISOWTE A
T U ABROERBER (RGNS & H =
25-17 kOe @ "V 7 iR OEMANMEIZI VEHL- L Z
A KRSV LI D50., K658 k0e b DEKAE
R LUT2e LEDOFEEDS . CooxYx B4 % HAMR H
KIZBWCTIEAT 5121%, CoY 2: 17 RFEEET. »
DOFEEMKE ST DL Z T x =23 at%lL EOMHBE N E
NTHDHIENREIND, iEH TIL Co-Y L i Cu
& OF BEIEE D BRIZ W T b Wi AL 5 A8 O R4 S
RERZZCTiRB,

% % b4 ﬂ 1) Roadmap of Advanced storage technology

consortium (2016). 2) M. Yamada, Y. Hotta, T. Yanagawa, M. Ohtake, F.
Kirino, and M. Futamoto, /EEE Trans. Magn., 50, 2101604 (2013).

Fig. 2 Magnetic torque curves with external field of 25 kOe
for (a) Cosz.4Y 167 and (b) Co77Y 23 films.
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CoPt-B203 7' 7 = = 7 SR DRERURF & IR 1 6 JIE 3 BARER (b DI A R
CH L F L o ars A Mgl TEEY, B EUKEA D, A D
EHPES R LERASH, DHHERT)

Effect of mixing different oxides on magnetic properties and microstructure of
CoPt-B20gz granular media
°Kim Kong Tham @, Ryosuke Kushibiki ®, Shintaro Hinata®, and Shin Saito
(® TANAKA KIKINZOKU KOGYO K.K., ?Tohoku University)

[FL®HIC BATOREMKCEFEAROREE & LT CoPt &4 {tMERE (77 == 7K BNIA< VD
NTW5., 77 =a 7HROFREEE 2 & HIIET 7200, a7 REE RO —filik S E R ko %
LE— (Ky) % 1.0 x 107 erglem3 A LICHIR T2 & 210, fEARIER & RS By F L AR & 5 2 L 34
Thd. @ Kz AT 537 2R RL A BT 57201213 CoPt A4kt & Bt T T/ 7 7 A & DR
DR RET A Z ENTFETH Y, ZOLDITITERHA (K Tn) B ZRNDS ZERAEHTHL V. —F
T, CoPt BEMERE SR DAL DO T2 DIZIZE TnBILMIREN TH DL Z bbb TND 2, ZD X HiZ, H—
B ClE T T = =2 TR & Kb &R L & OB N RETH D, AhlFE &1L, KRS D B0s (Th:
450°C) ZHARF(L L L THZ CoPt-B,03 7' 7 = = 7 BERIC AR L 218G L, BURORE KRR & Rk
IZOWTHRD Z & T, LEOWNAZ O W TR 250 THET 5.

Oxide: B,O;  SiO, TiO,

B203-15 vol% oxide (oxide: B,0s, SiOy, TiO2, Cr,0s, Zr0,) (16 nm) %
EL, BRTERLE. FBIEYO TnidZEE 1 450, 1600, 1843,
2435,2700°C Cd 5. FHuJEIE Ru (20 nm) / NigoW1o (6 nm) / Ta (5 nm)
/glasssub. & L7-. Fig. 121X, Fix D Tn 2 AT 55 2 LW %Ik
L 7= CoPt-B,0s—oxide 7' F = = T KD Kim TEM B4 R~4. %
HZIE X SR BT TRl L7227 7 = = Z RO kiR (GD) b
ARLTWD. GD I, 2 b & LT Tm 1600°C D SiO, Z W L
7=%i%, 30 vol% B.Os & IZIX[F%% 0 5.8 nm & 721, 1840°CLL L
TnZ 8T 5Bt ERNT 5L, 48 nm LTIt ng 2 &
Nbhnot=. FRICERT 5 L, 30 vol% B,0s Tik, CoPt ffkki
R IKRESSBAOHMM BB O H 2~ 3 Bz 23 R
FRICHEN TV AR REZ T 6D, IR D T O &AL
WD, BEMERE RN IZ BRI /1R 0 O b AT R AR 23 T A =

;ﬁﬁ% CoPt 77 == F KL L TIX, CogPtyn-15 vol% @ 7 ?‘:" il w

p - Ny, o Fig. 1 In-plane-view TEM of CoPt-B20z-oxid
TS (EFROIER) . ZAVUTH B AR OREIZIZ R i grlgnular ?ngd?g.e g;vivn size (EGD()) evalzuagte?iXIb;

IOl R Th D, Fig. 2121%, & Tnf 2 BME® A RN L7=—  XRDisshownin each image.

5| & LT (a) CoPt-B,0s-TiO, &, ZH D72 (b) CoPt-B,03 7 7
= RO RIE TEM 4§42 /~3. W TEM £ T, BHEEF O
WERERLR 2 T 3l Ru A Sk o W & —F LT 0, CoPt ik
BRI RUSE RO Flc~AT R 2 X vy LRRE LTS 2
LAVRIEE NG, #IT (@) TlX, —O D RuiEdbkio EIZHIHE A
VR A 0 U CEEOBMER BB E LTV A, 1, (a)
DR OREEFESRLD Ky 1 1.1 x 107 erglem® T ¥, CogoPta
KA L IZERBEThH- 7. ZOREIT. BEomitnz
REUI LT8G, BN ZNEID T THHT 5 ATREME 2R
L TW5. ERORREDOE—(bE2X 5 EnTEhuE, RE
PR BEARIT A% O E i EALICE G T MBS LTHRETH
D, FTORFUZEE L THEOBBPH-ND.

T CILIR AR L AR ORERURFME 2 OF & THRRAT L, ORI
b & & Kofb & DISTIC DWW T RIS SR T 5.

SEZ3E 1) K. K. Tham et al., Jpn. J. Appl. Phys., 55, 07MC06

(2016). 2) R. Kushibiki et al., IEEE Trans. Magn., (2017) (in press). Fig.2 Cross-section-view TEM of (a) CoPt-
B203-TiO2 and (b) CoPt-B20z granular media.
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A F R LV AER L 72 MnGa 'y F /3% — 5D FORC fi#HT

RE K, N WIS, S/ R’
(&l B RF)
FORC analysis of MnGa bit patterned film fabricated by ion irradiation
D. Oshima, T. Kato, S. Iwata
(Nagoya University)

FCLHIZ

2L 2 E T2 MnGa % W2 A FVBRINEID By b3 — VRO ERIC IR LA Tx 72 1D vy
ARG — EARIZ B W T, R (SFD) 212 2 Z LN EE LR D, £ 2T, ABJETIEX, SFD
DOFN T & LT FORC (First Order Reversal Curve) %1235 H L, FORC fEATIZ L D MnGa B v bR ¥ — i
® SFD DB b ¥ A ZARAFMEZ G~ Tz
REBRA &

RF <~ 7' % b v A%y 2352 X0 B MgO (001) 54 12 Cr (2 nm) / MnGa (15 nm) / Cr (20 nm) /
MgO(001) D fEAE % CRRIE L 72, Cr I AR 400 °C THBE L, 600 °C T 60min DKRA N7 =—/L%&1T-
7. MnGa J&8 [ ZFEMIEEE 300 °C TEME L, 400 °C T 60 min 7R

ANT =N fFol. AF—=  JIFETRY V5T 410k o =

DLUA MY A ER LT, A A TR % AV 30 keV o0 -

DKrAF % 1x10%ions/em* BE3 52 & TITo7-. ERILT- < q

Y27 LD FORC HI5E 1328 B R ARG A L 0 47 o 7. T2+ it size 20

EREE 0 2 4 6
Fig. 1 IZE > Mo X23(a) 520 nm & (b) 90 nm @ MnGa £ > k H, (kOe)

SRE—VWED FORC S A T 75 £EFT . Ho B LU Hy (2R @f”

ARG & N T AR A2 F L TWA. Fig. 1 b E Y R A X o Or

2% 520 nm DA, H. & H, DA X Gaussian TlEFET 2 & g

IZTERNVD, By MY A X728 90 nm DA 1213541 1E Gaussian -2+ Bit size : 90 nm

iR ARGV S “ﬁ%%&@@%m_iﬂm%%#%b, e e

Fig. 1 ()0 k& 5 724 W‘ﬁ@% I ey FNIE SRR, Fig. | 0 2 Alf—l 6 8 10
bYD X 5 723 DA iawmﬁiﬁ&ﬁoﬂ%:&%@% - (kO®)
RS T UEE@.)L/“O/\E;. H,=012381F 5 H,ONFND, F Fig. 1 FORC diagrams of ion beam
PIRCEERER Hoy 35 & OWEUE(RZEAH,, % RS - 7=, Fig. 2 12 Hy, patterned MnGa films with bit sizes
B I SFD (AHyW/Hy) D B M A Rk A 7. By Mo of (a) 520 nm and (b) 90 nm.
AMINEL T2 BIZONT, Hy MEIMLTEY, A4 RE 15
X D8 = ERUCEB W T, By MNEDO X A —T DR
ARV bDEEZLND. LMELARRS, By hA XD g
B IZAEVD SFD HEER LTV 5. Z D SFD OHI K DRI, <
By M A ZDRNEL D E VIR RRE—UBRDIZ B T

AH, | Hy, (%)

EORBPREL 2D, NMTEROE Y b A ZADELOEH U5
KREL B EtEZOND. 0 ! Ly 0

10 100 1000 film
2% Sk Bit size (nm)

1) D.Oshima et. al., IEEE Trans. Magn., 49, 3608 (2013). Fig. 2 Bit size dependences of average

2) D.Oshimaet. al., IEEE Trans. Magn., 52, 3201804 (2016). switching  field Hy, and  switching field

distribution AH,/Hy, of MnGa bit patterned film.
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FER XMCD BASEIZ L 54 4 BEE L1o-MnGa
vy hRF — VEO FETHIRERCIR RR O FEAM

) M, fwmE EE, OKRE OE, DEE MRS, PR S, e R,
BOR O WERES, A R (BEEKRY,  *JASRI/Spring-8)

Local magnetic state of ion-irradiation L1o-MnGa bit patterned films probed by
scanning X-ray magnetic circular dichroism microscope

T. Ishikawa, K. Fukuta, D. Oshima, T. Kato, T. Nakamura*, Y. Kotani*, K. Toyoki*, S. Iwata
(Nagoya Univ., *JASRI/SPring-8)
B

FxI LI NET, RERFEEBKAE ST ML LloMnGa SHIA A2 FHWT, A4V BEBIE Y hoSZ—
DOIERAZITV, A A VBB L DAY — U AEREEN, W, SEE, By MEE A=V 0Dy — fEiE
OIERUCE N EEZEZBND Z &R L TE72 0.2, 4A], F4 X SPring-8 BL-25SU (25T, AR v M 100 nm
DF 7 B— b X A - AR X A ArE (XMCD) BEMEE 4 VT, MgO (001) HEfS ShEEH B 1R
L7= MnGa 5/ RZ —r Dty N L DRGSR & 1 oDy ho%Z—2NO XMCD A7 MVEHETSHZ &
\2& Y, MnGa /% — D JHATH 72 BEAIRRE D FEAl 2 kA 72 O THAAE T 5.

FEE 1k

L1oMnGa(QODEE, ~ 7% b ARy X Y o ZHEEE2 AW CER L, BRI Cr (2 nm) / MnGa (15 nm) /
Cr (20 nm) / MgO(001) sub. & L7=. MgO EHDFEHE 7 T v =29 572912 600°C T 10 4y MIBVLELHL, FEARE
JE 400°C T Cr N v 7 7@ & i L7z, Cr J@iifFi%, 600°C T 60 4y VL L7-. Z D%, HAIEEE 300°C T MnGa
2R L, MnGa JEDOMHANLD 729, mifE#% 400°CT 60 pMBVLHEL LT-. B —A@tEEICL LYV b
NG MERLE A AU EANEEEIZL D 30 keV O Kr A AU MEIZE D, MnGa S N — U iEaER LT,
Spring-8 BL-258U O£ XMCD BAMEEIC LY, ¥ —rHNOE v FEER & XMCD A7 hLZ2HlE L
7.

Fig. 1 1%, L7 MnGa &/ % — i (500 nm v F) DEER XMCD BE#M#ESE A2 R LTS, AKX
BOTHENLE—1T Mn O Ls W TH 5 639eV & L, AF v U#HPHIE 12 um x 12 um TH 5. E£+2 T ORLA
ZMAZTXMCD #4281, £TOE Yy AL TWA Z L 2R L. Fig. 1 3MA8fL7-%1c, (a)-0.2
T, (b)-0.3T OREAEMZTKRETHO XMCD BH#EEL THS. 02T OREETILIELEAEOE Yy RBRKEEL T
N, —0.3T DR EZMA TR R TIEBLZ 00y MAKEELTEY, KEBLLTWE Yy hEZ 9 Thny
v hNBH D ENGDD. SRS ST, IESROBRTE(LNEEEZ LT, ZOKIELLTNE v
S KERT 2 2 EAEREINTZ. 72, By FE YT 10 um ® MnGa X% — 2D 12O B > M X a8t
L7254 T XMCD 2227 M DOMEZEFT -T2 L 25, 639eV & 650eV [T TEFNFN A ETED XMCD v —7 %
RLT. BEREFRAMANC L VBLEE— AL FE AT =R hD<L7>/2<S7>5 KD AL 0.02 LV H/hE
RIERE LN, 25 OFERIZRIMNLO MnGa 2> XMCD 2227 b 2E k< —&L7-.

%3 3Lk
1) D. Oshima et. al., IEEE Trans. Magn., 49, 3608 (2013).
2) D. Oshima et. al., IEEE Trans. Magn., 52, 3201804 (2016).

Fig. 1 Scanning XMCD images of bit patterned MnGa with a pitch size of 500 nm. Before taking the images,
the sample was saturated by applying a field of +2 T, then negative fields (a) —0.2 T and (b) —0.3 T were
applied for taking the images.
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CoCrPt 7' 7 = = T EE K GOER IR
74?Hﬁ7VXF%%

EHEZSE, B, Jgmfmi, A B, Jbk &
(HAER)
Microwave assisted switching effect for CoCrPt granular perpendicular media
K. Shimada, T. Shimatsu, N. Kikuchi, S. Okamoto, and O. Kitakami
(Tohoku University)

[ZLCODIT RtERIC~A 7 0l Z2FNT 5 2 & CREMGDN DT 5 ~A 70
W7 o A b Ak K iz (microwave-assisted magnetization switching, MAS)"2(34% 3k
OEBEBMIGEEIZAVWONIHEIO —2E LTHETHD. ZNETIZ

CoCrPt-TiO, 7' 7 = = 7 HiJB IE LR D MAS % ittt L 725 R, & B %
FInd 23z &<, BUEILE ML L2 R IR i RIK TR 50 W2/ D 2

ERHESNATOD Y. L, o 7 o RBEI T D IRIE I R R
b MAS IZHEB L TIREIRTH 2 Y. ZORRO & LTEIRIZ 0728 Fo 1 optical microscope
BESHBFIMEN TR LR EZ BRS. £ 2 TABIETHE, FTHBICEEY o ene ample

A 7 B ZHINT D EORE 2 D 2 & T, REam AR 2 N L7z
RHET D MAS DT & B L 7=,

EBAZ KB oML P2 nm)/CoCrPt-TiOL(15 nm)/Ru(10 nm)/[Pt(5 r\\v

nm)/Ta(2 nm)]x13/MgO sub. & L7=. [J5 % & e FHUB ORI REG S & s ap 27

DB BN Z, REEIE B ORI = B3 R — LR DS 53 DL
BB LT, EHEDC /% by 28y ZPIC L O RIE LT, Figl O
SRR L 9 ISR TR BRI N T L, O e

$7:(dB)

0 20 40

ZARET D 2 L TR G IS @ E R NN S D . ks, [ o s fGHz)
Gy S DREPERITERE LTz, Fig.2  Transmission

EBRER Fig2 FRLERBOMRKOEBFEL RS BRI, PRy of e
f=2~26 GHz O#IPAIC BV THLIT 2dB L FICHI 2 b TV 5. Fig3 (omfayy  fabricated sample

Normalized AHE Voltage

ZEIIIL TWeWGH &, fy=11 GHz O & & Z FIN L 72356 0 B A — L 2h R messrrseastrim
ReAb b 2 7. SR A EI LR RE T b L SIN TR R — LR & 5 ? /
RAL TR O E R TR T o7, — 5, BN EEIT 5 = & Tk b5 )/ '/

FERTSEE LV, Y B IR EVE X 723 0BC O MAS (2O W CREMICE R D TIE

b5 i by

NOEFIEY 2—ABN L DRBIORE EFRICE2EELRKEIW2), MAS © -5 }f / s
!
;/

SEXH Fig.3 Magnetization curves
1) Z.Z.Sun and X.R.Wang,Phys.Rev.B,74,13240(2006) without and with rf field
2) Y.Nozaki and K.Matsuyama,J.Appl.Phys.,100,053911(2006) (f.=11 GH2)

3) S.Okamoto, N.Kikuchi, A.Hotta, M.Furuta, O.Kitakami and T. Shimatsu, Appl.
Phys.Lett., 103, 202405 (2013).
4) M.Furuta, S.Okamoto, N.Kikuchi, O.Kitakami, and T.Shimatsu, Appl. Phys.Express.,6,053006 (2013)
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FEHME Ry M LD~ A 7 wijlT v A Mgbis

@l ORM, WA B, g A, db b B, BE R
(ALK
Magnetization switching of layer structured magnetic dots under the assistance of microwave fields
D. Kanahara, S. Okamoto, N. Kikuchi, O. Kitakami, and T. Shimatsu
(Tohoku University)

XL ®HIZ
~A 7 a7 A MgbEE (MAS: Microwave Assisted magnetization Switching) (37 TS 5 55 FE &AL

BB OE M E L CTERZED T D, GHz H#HB O KIRIEA RS 2 FIN L, KT — A > MIKAR%
FEEBAHET S Z LT, MBS KBRS 2 2 R rEE b, TRETONERICEBNT, Ky b
WIZAE EBEAAEL D L, MASBIRAE LRI L2 ZehMEShTns Y. 2ol 5 e —F
& MAS N RITIFRVFHB H 0 | hEE— ROBIENEE CTH D 2 E R0 5. AT, BT — Rl
HFEE LB AZ AT 2BERMEAR Ry MCER Lz, BRSEAETREOMECREAZE X 5 2 &
T, FemE RN TH S, AN, ASHREE IR T & 2 WH ALAE A 23 3B 22 555 12D
TOMRT&EIT 72,

EERAELBR
FEERIZ V- IR 1, MgO sub./Ta(2)/Pt(5)/Ru(20)/[P(0.5)/C0(0.6)]s/Pt(10)/[Co(L)/Pt(0.5)]s/Ru(10), Hifir(nm)
L L7=. [Pt(0.5)/Co(0.6)]s( A %hH )5 PRt HET=9.3k0e) % Hard

J&, [Co(1)/Pt(0.5)]s( Hi=3.5kOe) % Soft & &+ %. kMizi: DC _% ' o
v 7x by ANy ZEAWE. ZOZRBEEETRY V7T 74 Sos |
EAAA Yy F Ik 0T L, R EAR Lok A REE D F

DM R » k&g L7=. D = 100 ~ 2000 nm O #i[H T L S & 7-. % 0

FH Hall % (AHE) JWE M OERS K U~ o 7 m R isar S

MFAD AufEE bbb DE TR LT MASTIE T, doBiHe EO° |

& WEIZTIIC -10 ~ 10 kOe ORI THINL, AuBBICERESE = | oo
It & FIUIN L A2 ks he= 500 Oe 2 EEiAICFIINL 7. —Bil& LT 0 5 0o 5 10
Fig. 1 2RV 2 HIM L TV WA O AHE 2 L - THIE L7 Magnetic field H. (kOe)

D =2000 nm & K hOREACAIRZ 5T Hard Jd, Soft izt Fig. 1 Magnetization curve for the layer
DEFVEDRNIEIE LIZ AT » TIROBACHIARDF B2 FIQ. 2 ¢ stured nanodot (D = 2000 nm)

12 MAS EBR L 055472 D=2000 nm @ K v MMIBIT 5 KGR 6
Hew 2 22 Bt JEE AL fie ORBE% S U CoRd™. RS Hard J8, H#RA
Soft J& D Hew 278 LT 5. Hard J8 D Hey 1 fif DIV fir = 20
GHz £ CIRIFMZITHAD LTHY, 60%D Hew (KIS AL72.

— 75 Soft J& O Hsw IZIEFRZHITIRAD L, IR A I FEI TR & 72 How
B R L, 95%D Ha KRN HERS S V70, G, K0 v
D TD MAS EZROFERIZONWTHLHET L TPETH 5. 1

w 0 10 20 30
rf frequency £; (GHz)

1) M. Furuta et. al.,J. Appl. Phys. 115, 113914 (2014).

Fig. 2 Switching field Hsy of each layer
of layer structured dot as a function of rf
frequency
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~A 7 a~ 7T L 5D MAMR H STO (21 2 AN s R o fiEs

MiHEER, 4 FFuE,. Simon J. Greaves, F#H *
GO TR, T 3RAER)
Micromagnetic analysis of the effect of external field rise time on STO oscillation for MAMR
R. Itagaki, Y. Kanai, S. J. Greaves', H. Muraoka'
(Niigata Inst. of Tech., 'Tohoku Univ.)

FLHIC

FJEPE T A MERGLEN(MAMR) 5 2, %Jﬁ?ﬁ%\é IRFETF(STO) D BIEAT % & JE e SR & LA (MP) 2> &
DRI EE L, @SR GVEEAR~OERE FTHEICT 5 Y, STO I3 MAMR Thi b HE AR ERTH Y |
L LT W E RSS2 AT 5 2 & RWVIEAEBREEQ)TRIET 52 &, KD FMR 2757 5 4
W OMARERET DL ENRDOLND, Fxl uaﬁm v F¥ v v 7HIZ STO #4fi A L7=E T L (kA STO)
1T, STO BT /LS STONCH A STO N L EICHIR LEENZ L 2R L= 2, DF Y, ~v Kb STO
WZHIIN & 3 5 AR (in-gap field) &2 BLZ58 < LT STO | i;mz CRIELR, ZZTIESTO OEERFBEFEEH
& LT, INLSTO D~ A 7 a~ T X7 4 v VT &1 T o 72, 5idk~> RO in-gap field Z487E L T rise time
EEZ SRR A NA T8 2 A, STO OFIRICIEERERNHBONT-O THRET 5,
BHRETNLEYVIERDIIT

Fig. L IZRT L 912, @AEBIERFGL) E A U EABGSILN SRS
STO %% 2 %, SILITFEED A % FGL ICIEAT S, STO DiE T4 Table

112, STO FFITINZ DML, mIE(z FM)Esyr DA EFR L, A
DB —ThH D EAE LTz, fHTICIEE L@ EXAMAG V2.1 % v,

apl

v

Y
Mg

MFGL‘, ::

HEHRKR ‘.| X z

STO I 1 GHz. 20 KOe,. rise time (0 to +90%) 7 E7z % 2 FEEHD SRR :
(Hap) 2272, 1% 3.0x10° Alem? & L7=, Fig. 2 |2 STO ORIEEFT, [ ee———o
BIDOREHIIREZ] CThd D FIHNIRAE LV AR LT D, #itdilli: FGL Fig.1 Schematic of STO.
WAL DN ST (My) & HELRL 3 (M) 2 FGL &R THE L, ﬁ@%nﬁu Table 1 Major parameters of STO.
L THIIE L TERLTZ, MJIMg=1 D & & FGL ORG L 5E e 15‘;; ZSn'an
ICHWNTEEZL TWD Z & &R, FKED . rise time 75§’fEb\ anM. 20KG B KG
(0.083 nsec) 5 A1 STO N L E T FE IR 5 3. rise time 7351 1(0.283  Hiin z direction 314 Oe 31.4 Oe

nseC) A, EEENRLETH L, DED ., M,/M, DHaRHE SN Exchange, A 2.5x 18)';2erg/cm 1.0 x 1;)‘;2erg/cm
< N 73)0/%{\@] L. %ETEJ% {EZ@’Z Tbﬂil‘ Yo J & 2'0x108 A/cm2 BLU Non-magnetic interlayer (IL.) thickness = 2 nm,.Po =0.5,
4.0x10° Alem® & 25 2 12354 b RIBR O AN L B iz, Width (9 x height (y) = 30 nm x 30 nm

NS TRFER Sy RBTE WD & orisetime 2L 720 | LEL —FGLMZIMS - Hapl
72 STO DRIRAES S = LASHHED 1275, WA 5 R TOMMEE wm,,,ﬂhmm ) ’lﬂmmm\ ,IHH M'mm
RSB RIS T 280 D B D, M TIRLER STO 0% 2 'HHH"I WWWW WWNWWHHHH
BEBDIOORMELRRD, 1 ~

ARAFFED—HRIL ISPS BHIF £ (FEARIFZE (C)FLEE 5 16K06321) %
FOIHFHRA b b — DI FEHEE RS (ASRC) DB 4212 K~ 7, =
BE R = TR R TN
1) J.-G Zhu, X. Zhu, and Y. Tang: IEEE Trans. on Magn., 44(1), 125, * 0 1 Timzlns] 3 4

2008. Fig. 2 Volume-averaged FGL oscillation vs.

2)  A&Jf, B, S. Greaves, #Tf: & FESWHE MR2017-9, 2017. time. J = 3.0x10% A/lcm?, AC external field = 1
3) T.Katayama, et al., Journal of App. Phys., 117, 17C503, 2015. GHz, 20 kOey.

10

0=

Hay [kO€]

&
o

=
S)

Hapi [kOe]
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MAMR % H\\ 72 “JERREkIz BT 5
L & T B O OGRS G DI DN T
Effect of Exchange Coupling between Top & Bottom Layers for Dual Layer in
Microwave Assisted Magnetic Recording
B R Simon  Greaves FIhe
Tadahiro Kikuchi Simon  Greaves Hiroaki Muraoka
AL RF B IEE T
RIEC, Tohoku University
1. EaADBE

N=RT 4 AT DOREEACITHED, #H LOGis s s
TEINTWNWD, TO—DI~vA 7 BT A MEK LR
(MAMR)%Z I = @308k &V 9 HFERH Y, AV h L
7 FEAERE(STO) D & JR I R R D A e B 2 AL &8 %5 2 & T
TODREINL—ODEERIR L THMLRIZSE 5 Z 3T
FEL 2B, ZZ Tk, ECCHHAD linkt% LiE L Tg
DM OZRHFE S H B ST THAT D,

HEFE
AW TIE LLG FRERIZL DV I 2 b—r a3 Y [2]%1T
ofz, FLUCHESGGEZ TR L, K11la)DET LD LS I
ECCHEMRD BEgid, ~ FIZITV AN S 3nm ASfRRarEE
P&V @O 2nm ARG E OREERE & e o T D, BRI
& TREEE O II AR A & 0MB & . K& &1F 6.0 erglem?
Thbd, FBILFERMESE 2nm 2 HA T, 4nm SERIGH:E
B0 O 3nm BEREMENE, ASHLRE A 1T 4.0 erg/lem? Th 5,

VIalb—va UTIIRIFICR LTy R TR E TR
RAEHMLUZ2MR S 10m/s TEIC, STO O & JEH RN O J&1H
% 0~60GHz OFEFH ALY . ZDFEEHENEIIZIBNT
RARATREZR )8 Otk fg o B MRR (H) %2, LEET
J& DO HTER % B b ¥ T~

3. MERLEBE

X 1(1b). X 2(2a). X 22b)ixZznFn LE & THEOs#
FEAM 0. 05, -05 erglem? D & & D BB B L
ERFIREZ2 H, DBILRTH 5, (1b) TIE FIB DR b k&
(FR)ED B FREE)OHFN, EEOKEERRE/R H AR &
Klpole, ZHIETHEOBALLRAET DA, LE
DAL DR ZBN T -T2 Th b B X LD,

()& (2b) & R D L AZMBE G NA D L & FEEN
40~50GHz IZB W TRIERFTREZR H D2/ S < 725 T
DDONRyoTe, TIUTADRZEGES N T OO
BEWEE LD THD, TROBLOMEIC L D
WhEL X, REBOEHENREL 22 B2 BN
%o

4. BEER

[1]H.Suto,T.Nagasawa,K.Kudo, T.Kanao,K.Mizushima,R.Sato,
Phys. Rev.Applied 5 014003 Published 12 January 2016
[2]S.Greaves, High Performance Computing on Vector Systems
2007, pp.229-244, Springer Berlin Heidelberg ISBN 978-3-540-
74383-5

2.

Switchable H, (kOe)

-

=3

=]
T

120f7

g

#£1 RSN
B DY A X(L)E) 7nm X 7nm X 5nm
KDY A X(T)E) 7nm X 7nm X 7nm
fafnfifl 750 emu/cm3
FIInRE S #) 10 kOe
R 42K
H 5 PEE £k (Top Soft Layer) 5.0 10° erg/cm?

5% 7E #% (Bottom Soft Layer) 3.0 X 108 erg/cm?

F 5 ML ¥k (Hard Layer) Variable
2o TER 0.03
STODH A X 40nm X 40nm X 15nm
L+, e =00 emgicm’
120 : : ‘ ‘
Rl N
s (1115
¢
£
2 8
tjE s
&
m,
HR R T I
Frequency {GHz)
(1a) (1b)

1 BB L FRORRHREE 2 0 erglem? D & &

EW.e=05 erg;’l:m2 £, e=-05ergiom®

12077

'
T T

Switchabla Hy (kOe)

g

l;l 2‘0 I 40 40 6 20 40 li)
Frequency {(GHz) Frequency {GHZ)
(2a) (2b)
M2 Ljg L NEoitfi& 23 =05 erglem? D & &
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Z—R—ayEa—F FX10 AW A 70wl 3T 4 v 7 ¥ a2 L—F2OE#IL
FHFER, ST, & EA

(LFEBERFRTFPE LFERER - E1THZ)
Speed-Up of STO Micromagnetic Simulator Using Supercomputer FX10
Masahiro Arai, Fumiko Akagi, Kazuetsu Yoshida
(Graduate School of Electrical Engineering and Electronics, Kogakuin University)

1. FzNnx

WA, REMEREL 2 A To bk 2 R Bl ORREHFRBECIE, BEEEOBEME R b FB 2T o~ A/ a~ IR T 4 7 AV
2L —vayPRHANLRTWA. FIThH, BRT 1 A2 & (Hard Disk Drive: HDD) D~ v RROMHRZ S O FENTIZ I
FEFICEL AL TWS., —F, BREELLOTFELE L THBEIN TS~ 77T v A MER TS
(Microwave Assisted Magnetic Recording: MAMR) [1]i%, &~y FEBAREZFRFICHTT 52 EDNEETHS. L
L, ZHFRHON 900 TEULLETHY, @xdy FHATICLBEOY —27 A7 —2a U CIIBAEZET 5.

AW CIIHERMAEET A 2 L2 B, HERKBEOA— R—a P a—& FX10 2 A L CXFHLo Tk 2 st
L7z, WHAHLTEE LT, A ve—U#T 4 77 UIZ MPI(Message Passing Interface) & Fi\) 5 Z & THi%t> CPU
TAHFNIRELT 9 FE[2], OpenMP ZH W~/ F AL v NI L DWFEREIT S FiE[3], T LTLERE - S>OFHEES
7z Hybrid WAL FEE I 2 b—F (TE A L CHlg L7z,

2. HEEFAVROHESE

EELORFTOET VL, MAMR O Ay LT AV L—H(STO)DFH & Li=. STO [T ERE LD - DIZA Y
NEgz 2 BRAWAEE L, 77X sT7 v 7 FREmSiE 30 nm, STO £FDIFEEIX 25nm & L7=. 1 SDEHIT 2.5
nm O FETH Y, ZFEEKIT 229376 HTH 5.

K 2 L—&TlE, W bzEh% (1)U~ 3 Landau-Lifshitz-Gilbert(LLG) T e XA fE < = & TRz,

A+ a?) ‘Z_I‘t’l — —YM x (ﬁeff _ aﬁst) _ MLM x {M % (aﬁeff + ﬁst)} (1) Table.1 Specification of FX 10
MIEBAL~ Y by, Y05 A DREUER, ald s > L M, MR Processor | 1.848 Gl 16core X 1
Bl HoprdBBER~2 MLt 5. Hyld STO ~Eifiz fid o)y | Theoretical peak 236.5 Gigaflops
CEIMEN L REEA E AL DR ML) TH D, £, performance

BBER O T B R OFAITI b % < ORI 2 HS 57, 7y [ Memory capacity 52 GB

M7 — U =i (Fast Fourier Transform: FFT)Z W T\ 5728, FHEERH HDD/SSD 1.1 PB+2.1PB

D 70 %IFFFHROHATH 5.
FHEICHWE R RFEDORA— % —a B a—4% FX10 D ALy 7 % Table.1 |Z7R7.
3. 7uJ7 05k
MPI O34, KENABOSEIRLEEMSE 70/ T I 0 7 Lk T biwy. £9, MPIBE¥E AV C#EST CPU /
— R T ERET S BUG LIz, — FE T 0 7 25 L TR A2 &/ — NICHEIZEID B TH Lo 1TmE+
52 & TCRBABOIWFTULEITH . 0%, BEEIICL VL, — FOHE/KREEZHRAGT 22 LT, HEERICFENRE
Canwk ot 5. @EMEICIE MPI_Allreduce() % 7213 MPI_Allgather()% AV, & DOPEfEZR Ll 5.
OpenMP D& Id#tpragma 7> DG E DR LERAT 57200 CWIHLEIT2 5. WhHLEEH T 5 for L— 7 DHERIIC
#omp parallel for schedule(static) private) Zffi A3 2% Z & TULERFIPH N B C Bl S, KELBE OIS Z4T 5 .
Hybrid W44k, Tix MPI & OpenMP D% £ T FUKIC LB %2 7 0 7T DT IMAT., WHUEELT S .
FAFUITFI R R O RN %2 D 55 BER, #iko FFT 217 5 3HEEICR L TYTo 72,
4. HEHER 100 —

Fig.1 |1~ OpenMP ICH13 5 AL v ¥, MPLIcBIF 57 rt 2%, & ~&—0OpenMP
B hybrid WHHLICHT 5 A Ly FE (Fob 2503 7iciEE) Lak B 80 MPI_Allreduce()
FEWER O BIER A W FUL ORI Tk LR 4R, OpenMP 135 3 Ko m_g'(lgather() )
10.2 %, MPIL_Allreduce(i3# 8.4 {7, MPI_Allgather(O/i34711.84%, 8 @ YOTiC, Jprocese
MPI_Allgather0% il L 7= hybrid 5{LIL#) 22 (oo digifbicpmy L ¢ £40
fz. ZOZ &b MPL & OpenMP OfiJ; 2 FIH L7 Hybrid WE5HEZS & 20 \ T—
—FHRNEOND Z L Rbrote. £72, MPLAllreduce)TIEFH 8 ——_

FER DA OBICINE 21T 5 121, Z O BIEMRN > T LE ST 0
LEZLND. ThED, HEALEL LRWT — X OKEE1T )54
X MPI_Allgather() % i\ 7= 53 GHEBFRI N Z L b o 7.

1 4 7 8 14 16
Number of threads or processes

5. $¢8® Fig.1 Relationship between number of threads or
KNI HERFOA— N —a P2 —& FX10 ZfAVWT~A 7 processes and calculation time for different
YT RT 4 w7V 2 L—HOWFHIZ L D EE L ORF 21T o 72 types of parallelization

SRR O EEDIC MPL Allgather( % FV 7= Hybrid WAL 2 i+ % = & CREMM &M CX /.

BEE AWIFRO—IL, EFHRA b LU— UHFRHEEEEASRCO) OB E Z 1 TfT o 7.
SEICER

[1] Y. Tang, and J. G Zhu, IEEE Trans. Magn. Vol. 44, no. 11, pp. 3376-3379, (2008) .

[2] P. Pacheco, FkEEf#: MPIL ¥4~ 0 7' 2 > 7, p. 43-56, HEEEE, BAT, (2001)

[3] 454 OpenMP (2 L5470 75 3 v 7 LAl at Bk, p. 11-73, #ui%, BUR, (2007)
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T [H W GGLER H F A B~ > R OME &%@

A BRE R &b
CGRAERZFEXGEEHIZERT, *Hris TR TAEE)

Improvement of write head for PMR
Y. Nakamura, *R. Itagaki, *Y. Kanai
(RIEC Tohoku Uni., Niigata Institute of Tech.*)

1 [FL®HIC

TEERL L RUZ K D HDD A3 2005 4RI HYC, s BE S — REHME I L7228 EAR IR B Ak B A3 o
WTW5, ZiUFmEMKGESE (PMR) OEEEIZHT 5 trilemma D7D TH 5D, ZOWRNE T 57
W, BHEOREIZE TS TCEIRADZRAFT =T VA M FRABRBREENTOWER, 87 v A M AT
HEIALBRORNZ ENEE LW L1, Intermag 2017 THHE SN TV D [1].

EHOIE, BEBE S XOERZHED TR G| BURO PMR fEAZA~ Y RIIZLEO SRR H 5
LB X, BEEED TS [2, ARETIE, TEXLET/NERA U F T X AT, @il TH RO EIA B
2T D PMR AL~y FORREMZ | FEM f#HTIC X o TR 2 M 5,

2 BTk

TE 2 B8 LT 3 IRTIERIEIE IR R AT 7 2 77 2 (JSOL 8L IMAG ) [3] ZfE/H LT, K7 hv
KT VA LBEBRANTRT v vg ZHOTE A-gIE T~y REREZMIT LTI, A X7 XA L
= :4w%ﬁxﬁém%npk:4w it | LD L=do/di TRDZ, ~y FHEIOIEERIEITZE L7

N, BRI, BERETME, B AT U A BALER R SIRER L,
3 Avb@%T»m ,
Figl (3, SUREIAZA~ Y | [4] 2% i~ .
TUELEZbODBEKTH D, Fi- s X ¥
Fig2 (2454 b MRIRIRE LI Rt #l;::: o z::'”‘:f'im LT T
wEEhE R~ K [5] 2T ML LT=D Soom| |40nm Shield - : .
DThBH, TOM, Fig2 ZHEAICHL 25om  _fwm A
T~y RS R AEE L ORI L. B 1 Wigole -
BRGSO AT, BN ORMEIRAE,  Fig. 1 EF ML LB~ Y B Fig. 2 ERARIHHRIRE ~ > I
AU BE IR AR E R LT,
4 R ~+-Model-2 ~4-Model-2R ~4-Cument
Fig.3 1%, HA~y FOET /L% Current, EREMBICIHRLD T . |
HAET VA& Model-2, = 0 EHR L B EMRE ) 4 —r 3 2 I
— 7 THEATS b D% Model-2R & LT, BRHICHT Bk 2
PR OBICAE U AMRIREEZ 70y N LEbDTHD, = 5 °
nesoA /5775'/7< 1. Current 23 68.43 pH T®H 5 DIZxf g ?
LC. Model-2 % 17.6 pH. Model-2R 73 19.9pH T o7z, 8 ° = 0 s
ZORERNG | BLHA~ Y FIZEA ﬁﬁ%ﬁ@ﬁrk/l' N Magnetomotive force [AT]
Y ADWTI S N BRI L W 55 TWD 2 LR S Fig. 3 FRNCKET % FA L RE R
S OIZEEMICHAE L, TORRETIMET D,
[B% k]

[1] S. Bance, et al, Digest of Intermag 2017, FE-05, April 2017.  [2] H#Mth, {558, MR2016-37, pp.45, Dec. 2016.
[3] https://www.jmag-international.com/index.html [4] H. Naka et al, Toshiba Review, 70, 30, pp.25, 2015
[5] H. Muraoka, et al, IEEE Trans. on Magn., 35, 2, pp.643, 1999.
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22pC -7
Readback resolution of dual-layer recording
W FRRE
Jin Saito
HAER
RIEC, Tohoku University
1. [FL®HIC

AR AN— RF ¢ A 7 458 (HDD) D dR A & & L E D
M ERRDENTWD. A 7 alifEREAnsZ ik
0 REE R B R A L CRBR BT D kR
RINTWDIL. Z ZTIIFEE 2 B RO EEFAED G
BOEZESELTEST 52 &2 BICHEABRREOHHE
B U TR LEOBREREE R LT,

2. EEAREZE

2 BEAERITI LEICAR—= 7 uADEICEY 1B
HE 2 BHOHARMEICKRE REND D L EH BRHCIEEA
BT\, i O — L 7 Bk OE WIS
RD. ~v FIZIEW 1 BEOEEZE 45 = & TR
W2 BEOHAEZKREL LTERZMIETE 5208, 4T
AR— 7 AD T DWH O BRI ER N AT
L. AEHERTHET T2 EBBOTIC L EA LA Uitsk
NENTWILEEZMYE L LTHRITTHAL e —LF 7 %
FET 2. LB CBEOH N EEbE s Z LickY 18
HEM# LTHbHENERELTED. 2 RuOFERER
2] & Wik E O THRERIC LY 20 & & O/ARK
B iH L.

2T 2R AR 21T OB, 18 B O bs
L& coBERTREOHRAL IBENFME T2 EH
B LEAEOHZEWT NG AT BT H 720 THIBIN
Wil 25 2B 1BELV Y E Y PO LTCEHEL
1 BEORVIOE Yy 2B ETIHEZDHEDOE Y bR
MERNCHRIT D Z N TE D,

3. #R

J& 173 3nm, J& 22 8nm, iBhfE7s 5nm OFF LT
EiTo7z. 1 3B EZ W oo — 47 %R LT
W5, WBEE WD Z Lk g L Lo st
ETFBOENELESTHZENTERZ. K2 FKE Y o
HLEEY 7Y LR R N T L ERLTNS.
Bhg s W WA TIIHDERETL DL Z EITED 3@ED
B3 Xk

FETHICEY e X NI LTENECTWAED, Eko
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Micromagnetic simulation of selective resonant readout of two-layer antiferromagnetically-coupled
recording magnetization using a spin-torque oscillator
Taro Kanao, Hirofumi Suto, Tazumi Nagasawa, Koichi Mizushima, and Rie Sato
(Corporate Research & Development Center, Toshiba Corporation)

[FLHIS

OB %2 o 3 WITHAR S BT o5t LTk E LT, A MLV 7 IRHETF-(STO) & flik/E
DI ZFIH U7 HIBFEAH LARR STV D Y, 2 OFETIERRERE O LB E KIS STO O J IR JE 5k
ST HZ LTIV BEEIRT 5720, FildEBIORIRIICT 7 B A T&E 5, ZHETIZSTO 2 Hunizit
IEEAH LASTIREZR 2 & & UL LBOBAICER b~ ru~r 32T v Ialb—var?d
WLV RLTE R, AENT 2 BOGEICERRNILEGRAH LR THLI I a~v A7 u~v T X T (v I

Talb—va Ik RET, 2§

$2aL—YavORE Ei_§§ o
Fig. 112, STO & 2 J@DREEkb(RM)DRREL <7, STO & LT, MKz 3]

XY RERUDESIALNBEARRA LS - ENEERO bOEMNE, ¥ [y 3

T, TR O % AB IR A LT 2 BORNEE (AFCJ8) 7bieoTly &
%, ZH 51T STO ORI WS & TV EE A b b3 LIcvnbhs Y 7 A
MEE, Foi SRR b LR R 5 — K bR D, KLY A o

7 MO S B O RS ORBEATH T L 5 (SRR SN TS, AFCH  seacery
PRALDIE 1o & 0 SR E RA S £ 5 129 5 7 bl TRREEIs g L B

Hard
@Q%HﬁM = 0.2 kOe %Zﬁm&:ﬂﬂsz\éo 20 nm
Fig. 1. STO and recording magnetization (RM).

=2 >

Fig. 212, 4189 @ AFC BHERLEICX L TSTO 8 o7 (o5 oA eI =o1mA T ]AdBd
DRI P E (2)(D)F £ OFEHR SV — () d)D, STO & _ S B " JAd B
A B BHBHETOR I 2 R, @O) D LD g R s R Q%?d
(C0 HETOICK LCEERIEIRIRIIE N L B o ul 7 anma o] -7 pmeal 0
T, @OICEZNENY 7 MEB & ADRHE 89 o, wbe——— 1P (@
FLE”Down”, “Up” COIMGAE & 7 m v b LTz, 5 o= o ‘y
ST DR ED & & RFHERS TG0 B Jon| al S U
WEREITE S LA LD ICRIR T —IcF  sh 2l N e [N
4y 7RBNG, ZHULSTO &Y 7 MEREA S E Lo e i
W FWHRE L, STO ISk 5 Eai iy 3 ~.§°ﬁ zs(c)i = ?-053?#\“ o L }Bd) 15= 01 n’lf
B L7 72T D, = DRIEOLEILE AV TREL HSTO (kOe) HSTO (kOe)

FHhEHNT L2 ENTE D, EHIT, (¢)(d)TiX  Fig. 2. Oscillation frequency and power of STO as a function of HSTO.
LIBIZH G- L2V 9 —5 D AFC J8 Db &

ICEDRBENT LA ERN TR, L2 > T, STO OFIRE RS A Z (L &5 Z & TH AFC JEITIEINT
2T 7B ALBAT Z N TE D,

£ 3CHR: 1) H. Suto et al., Jpn. J. Appl. Phys. 55, 07MAO1 (2016). 2) H. Suto et al., Nanotechnology 25, 245501 (2014). 3) T.

Kanao et al., MMM2016, GH-05, New Orleans. A IEILRFFH AR BUA% (JST) O 8 Bl S Jie BH 95 2 THRIK RO o /) N— 3
BIHHERE T 0 7T NS+ /)] OIFRIZE > TR I b,

— 234 —



22pC =9 BALE E ARSI EE (2017)
WEME B D BRI YE W I 2R HE 2 1 B YRR Y iR D & 3 h 224 L,

SRR, EINRE Y, ZINRE Y, BAH?
(" AARRF R PR TR, 2 AARRF BT E)
High efficiency excitation of All-Optical magnetization Switching with increasing of effective optical absorption in magnetic layer
Takeshi lisaka !, Hiroki Yoshikawa !, Yasuhiro Futakawa ', Arata Tsukamoto 2
(! Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.,)
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Reduction effect of All Optical magnetization Switching threshold in GdFeCo stacked on Pt
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(* Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.,)
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