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The faraday-effect and transmittance of Co-MgF, granular film prepared by Co-evaporation
M. Miyamoto* **, T. Kubo*, Y. Fujishiro**, K. Shiota**, T. Sato**, M. Sonehara**
(* Citizen Finedevice Co.,Ltd., ** Shinsyu University)
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Fig.1 Optical spectrum of the Co-MgF: granular film.
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Article number 23640 (2016). Applied magnetic field (kOe)

2) N.Kobayashi et al, Nature Scientific Reports 6,

Fig.2 Magnetization curve and faraday-loop of the
Article number 34227 (2016).
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High frequency TMD effect in FeCo-MgF nanogranular films
K. Ikeda®, N. Kobayashi?, S. Yabukami?, K. I. Arai'
(Research Institute for Electromagnetic Materials®, Tohoku Gakuin University?)
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1) N. Kobayashi et al., Nat. Commun. 5, 5417 (2014).
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Magneto-optic effects of metal-fluoride nanogranular films with optical transparency
N. Kobayashi, K.lIkeda, H. Masumoto*, S. Takahashi**, and S. Maekawa***
(DENJIKEN, *FRIS, Tohoku Univ., **IMR, Tohoku Univ.,***ASRC, JAEA)
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Fig.1 Optical transmittance of FegCosAligFs7 film. Fig.2 Magnetic curve of FesCosAligFg; film.
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Quasi antiferromagnetic layer by using 90 degree magnetic coupling through magnetic oxide layer
G. Nagashima, Y. Hirayama, H. Yuasa
(Kyushu Univ.)
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1) A.S.NGfez etal., Phys. Rev. B 73, 214426 (2006). 2) Z. \ei etal., Phys. Rev. Lett. 98, 116603 (2007).

3) T. Moriyama et al., Appl. Phys. Lett. 106, 162406 (2015).
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Microstructure and magnetic properties of CoFe,QO;, thin films fabricated by sputtering method
T. Kawakami, K. Kamishima, and K. Kakizaki
(Graduate School of Science and Engineering, Saitama University)
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1) T. Niizeki, et al. : Appl. Phys. Lett., 103 (2013) 162407.
2) S.E. Shirsath, et al. : Sci. Rep., 6 (2016) 30074.
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Control of epitaxial strain and magnetic anisotropy in cobalt-ferrite thin films by buffer layers
H. Onoda?, J. Inoue’, H. Sukegawa?, S. Sharmin®, and H. Yanagihara®
(Univ. of Tsukuba®, NIMS?)
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1) T. Niizeki et al., Appl. Phys. Lett. 103, 162407 (2013). Fig. 1 RSM of CFO and MSO (115) on
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2) J.Inoue, et al., IEEE Trans. Mag., 49, 3269 (2013).
3) MM 2 39 Bl H AR ilTiRS 08pB-14.
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The effect of the annealing condition on exchange bias properties of Mn,VAl/Fe bilayers
Tomoki Tsuchiya, Ryota Kobayashi, Takahide Kubota, and Koki Takanashi
(‘Institute for Materials Research, Tohoku Univ., 2 CSRN, Tohoku Univ J)
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L Z-DYN
[1] B, BARSRESS 2015 FRKIGEE KRS, S4 - 12, (2015)
[2] LEMA, B AR TS 5 40 [BIE R H S, 8pC-7 (2016).
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Ru FHi= o CoNi A T k& D g4 E

SOMLIELE T, OHRRIECR Y2, BAMNTE 12, mAaLE 12

(AR @R EHIFFERT, 2 ALK AV b e =7 RN SRR E 2 —)
Magnetic properties of CoNi superlattices on Ru under layers
Naoto Kikuchi', Keita Ito*?, Takeshi Seki'?, Koki Takanashi®?

({IMR, Tohoku Univ. 2CSRN, Tohoku Univ.)

[FLHIC

W7 v 2 LT 7 A AT Y (MRAM)IZARHFERIEIC X DIKHEE S, @EIENHIND T A ATH
%o MRAM (Z IV &0 2 58BEMEAM EHZ I, @ —#illfi K B 2L —(Ky) & RN & 28 7 EE (o) 2
KOOI D, @K EFROMELE L TESBICELEORAIGENRRT oM DD, FFRFICRKER AL U HE
FEAERDD o BWRTHMHEANH D, £ 2 ORI TITESBITELE 0 E KPS LT CoNi KAl
A4IZER LT-, Co & Ni ZHJE+E(monolayer: ML)D BN CARAICHEET 2 Z &I12L 0, @ Ky 2H>
CoNi EEMALIEEZ G LD Z ERHE SN TND 12, HEFEND O TR TIE, a ZIK< T 5729121 Co
ENiZLFEFREIEICRERET 2 ZENEELY, 20L& CoNi At fce FETH L LI EE 1T
hep FEE Cdb 5 BuffiiE & £ 2 & TARI D2, B —REEIR OFER)S Br-CoNi N LV KRER K A FFHZ &
RSN TN D 2, ABFFETrE CoNi @ NHIEIZ hep &4 £7> Ru # % Z & T Byr-CoNi #1525 Z LT
IV, BERTREEETRVE KoK a OFRBEMMEIOERZ B E LT,

=B

A 3% T & /) — /LIRIE CHLEE L 7= Al,O3(11-20)J£ 4K % 800 °C T~
Ty L, HFRIE L X —(MBE)EIC L Y BB F 721X
150 °C TRu % 20 nm ikfiiE L 800 °C T7 =— U v 7 &4T > 7=, IRIZ.
ZNHORu FHE E~MBEEIZ LV =RIBIZHBWTCod Niz 1ML
TORLHIZ20EIFEE L. Au¥y > Eale L, REFEE S
R R AT (RHEED),  #& S i 15 2 X MREIHT(XRD), &K%
IRENFUEHRE G (VSM) TR L 72,

R

@-20 XRD JIE DFERN D, WT Ok S Al,05(11-20) Ak T
@ Ru(0001)3 X Y CoNi(0001) or (111)ALM THOT X F o v /LR E
23, p-scan XRD JHIE DFEF D b Wb IE D MG S 417z, CoNi @
RHEED 413, Ru % 150 °C THIE L 723kt 578 o v — 7 72 B 9T4:
L 7golz, Fig. 1IZE=E T Ru & B L 72308k, Fig. 2 12 150 °C THK
5 U7 3B o IR C OBl %2 k9, Fig. 2 @ 150 °C T Ru % fi%
5 U 7o RORE CHE B SR TR SRR S AU, Ky = 6.1x10° erg/em?® & 7¢
572, ZHUE Ru FHUE OREIRE O B2 XD CoNi & OfE b Bl
bEINTTEDEEZOND, ZOFEBHIX LT XLV EEMAR
p-scan XRD HIEE&# 1T o7& 2 A, D ERNB B S hep-CoNi DFFHEE

RBTE T, 5%, hep-CoNi DIAFEEIS & Ky DI KA BT,

ARFFE 1% ISPS BHFEr JEA% S(No. 25220910) D 42 % 5% 11 7=,
SE XM

10+
09

~ 081 .

§ — H L film
07 i = H /film
0.6 —
0.5 [T A N NN R

0 2 4 6 8 10 12 14
H [kOe]

Fig. 1 M-H curves of CoNi on Ru deposited at RT.
Ms = 910 emu/cm?®.

T T T T | T T
1.0+
09 —
= 08F _ .
2 — H Lfilm
0.7 [ -
H /film
0.6 —
05 | | | | | | |
0 2 4 6 8 10 12 14
H [kOe]

Fig. 2 M-H curves of CoNi on Ru deposited at 150 °C.
M; = 970 emu/cm®.

1)S. Girod et al., Appl. Phys. Lett. 94, 262504 (2009). 2)T. Seki et al., J. Phys. Soc. Jpn., accepted for publication.
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AL L O f il Ni/Ni-Co F& 3 I D heg 7= 28 8

FEERMAR ' SRR - KPS 2 ZARIERE ' - SR SCR - FRTE(EE
("Fek, PIERER, CHOREEK, YILER)
Magnetostriction Behaviors of Single- and Poly-Crystalline Ni/Ni-Co Bi-Layer Films
Kana Serizawa', Tetsuroh Kawai', Mitsuru Ohtake'?, Masaaki Futamoto', Fumiyoshi Kirino®, and Nobuyuki Inaba*
('Chuo Univ., >Kogakuin Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

[ZLCHIS MM EHIMR A~y RO Y72 EOBRT A A0 D EEROE— X e EOBR =L ¥ —
WS F CIRIATERH STV D, T30 AR OMERE M EIZIZPREL ) 72 & O AR FF I 2, B
EORIEHERINDGENRH L. £, BBHMEMEHIT A AT T UIE LIERERAIZES S
END. W T, MEEHEAEZ AWV THERBZFHLZENAa8THE V. ZhET, Fxid, EERRIAR T
(23517 D NijgoxCox(001)ge HEAHERIEL (x = 0-100 at. %) DOWEEZEE AT TE7= Y. AFZETIE, ED dig' %
F#2 NisgCosy Bz & BLD A & F5-0 Ni & FlifE S E7- Hitifh B KOS HERBEIR A T2 2 L1tk v, fE
R oD il 2 3R A 7

KEBAZE BHEMRICIIEEEZ RF v 7 X hr ANy X ) o Z3EEAHH Uiz, BAEREE R
MgO(00)FEM EIc~T B B X % v LR 872 Cu(001)Hifsdh NHUE, 285 mIEE kI 1ﬁ7x%m%
AW, LT, Zib D LT NisyCoso(100—¢ nm)/Ni( nm) ~JEEA L L7z (1 =0-100 nm). A&&FEIC
RHEED 35 X OV XRD, AL BEIEICIX VSM, BEERNE T B RIEE v,

EBRER Fig. 1(a-)B X W(c-1)ITZE LI NisgCoso HJEEE (1=0) LN BJEE (¢1=100) D fee[100]/7
A% U CRIER AT > T2 O 1 % 7”3, NisgCoso BEJEIRIZ % L CIZIED 4100, Ni BB L CTED
Ao BARTH DI ERBEINTWAD. F£72, NisgCoso BEDH N Ni BEL U & HIOMHENR K E W I &Ry
2%, Fig. 1(b-1)IZ NiseCose/Ni
“JEEE (r = 50) OHDEEE [010] [110] [010] [110]
OFk Ekﬁ@ ﬂmo%‘f%ﬂ%ﬂ Output Rotating fie

3 d Output Rotating field
5 NisgCoso 3 L T8 Ni DRSE i Rotathg
FrMESEE S, NisgCosp HiJE 0.05v (100) :[0_05\/ 100)
B (Fig. 1@a-1)) 1T M, T L ”

NisoCoso/Ni _J& i (Fig. 1(b-2))
OHNTEIREEETIKRTL
TWAZ &R0 %, Fig. 1(b)
(2 koo 3 FEEH OB LT
£H 0% fec[110]& 45 Z LT

K VRE LB EDOH I
AT Phopict LTy, B0
FIRREE DR D Ly T I
ﬁ;bﬁﬁ%mio v, TS

LB IO T IRR

gn@m.uﬁw_&m%,$ (c-1)
fEmO%E, MERONEZE)
IZBWTH, BmNICEIT 58

Nis,Cogo(100 nm)
/Cu/Pd/MgO(001)

Ni(50 nm)
INig,C0g,(50 nm) (b-2)
/CulPd/MgO(001)

(a-1) (a-2)

Ni(100 nm)
/Cu/Pd/MgO(001)

§%%

i . ~ & = = o) & 5T 5T 5T 5 5
LG AL ORI IEDN B D 2 g 22 =2 22" F g=g8g=g=8=g
Y . - il Bl Bl i il Sal B all B
EMTID. = A ’ #EHEOD 90 180 270 360 0 90 180 270 360
JE R L 2 SRR 2B S BT fE Rotation angle, ¢ (deg.) Rotation angle, ¥ (deg.)

BB IOEAELEL FEEARS Fig. 1 Output waveforms of magnetostriction observed for (001) single-crystalline
HCIRR L= %5t B (a) NisgCoso(100 nm) single-layer (b) Ni(50 nm)/NisqCoso(50 nm) bi-layer, (c) Ni(100
W2 DWW T HRE9 5.  nm) single-layer films along (a-1)—(c-1) [100] and (a-1)—(c-2) [110].

1) M. Enokizono, T. Suzuki, and J. Sievert: [EEE Trans. Magn., 26, 2067 (1990).
2) K. Serizawa, T. Kawai, M. Ohtake, M. Futamoto, F. Kirino, and N. Inaba: to be published in /[EEE Trans. Magn., 53 (2017).
3) S. Ishio, T. Kobayashi, H. Saito, S. Sugawara, and S. Kadowaki: J. Magn. Magn. Mater., 164, 208, (1996).
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(IR LT
B A T 5 D A AT

KT 2 - EIEE - R 2 - OKIERR ? - f3P SR - frdg(E st
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SHUREER, IER)

Structure Analysis of Sm-Co,_.Cu, and Er-Co;_,Cu, Alloy Thin Films Formed on Cr(100) Single-Crystal Underlayer
Mitsuru Ohtake'?, Ryoma Ochiai’, Ataru Suzuki’, Masaaki Futamoto®, Fumiyoshi Kirino’, and Nobuyuki Inaba*
(*Kogakuin Univ., 'Chuo Univ., *Tokyo Univ. Arts, *Yamagata Univ.)

[ZCHIZ & K, B ER IR G A 2 E~DIG I
M TSN TERY, £72, BHMEF ) a0 Yy Mg
HOEMBRFICLHWLNTWS. FHEERE (R) & Co
N7 % D2 RIS IT AN TAE 2 B> RCos 421 107
~10* erg/em’® DEWV K, ZFFO b ONEW Y, £/, R TH
DIFEF-HF S OHEILE (57 = 68), M, & T. 3N 5%
ERRRD HND. LNLRNS, 7L 7 IREETIT 66 &
LI R 505 (4Dy, «Ho, Er) 22572 % RCos HLHIFAIE
1100 °C LA FICBWTHELZETH D ?. RCos HAIFIL Co
A M Culf - CHEDERT 52 LIV LERLIEDS
NBHZED SmCo A& LTHmEShTEY I,
66-6sR-Co ATk L C b [AER AR R HIFE S L D . AT
TlX. Cu/Co ML x, y Z2&{bE& D LITLY
Sm;7(Co;,Cu,)gs 3 LN Ery7(Cop,Cu))gs A (at. %) %
Cr(100)HLfE & N EICHzRk L, AR 022 b 2 i A 7.

EEBRAE MBEARICITEEEZ MBE EiE4s Hi-.
MgO(100)F:#K 12 20 nm JE D Cr(100) FHiJE 2L, =
® _EIZ Cu/Co Mkt x, y &2 075 1 O TR LS H 720k
EEVC‘\ 20 nm E@ Sm17(C01,xCux)g3 %) L < X Er17(C01,yCuy)83
BN E TR LTz, R ERE O FARIEFE 14 500 °C & L7-.
FEIEEEAM 21X RHEED 38 X O XRD, BEAURFERHMIZ 13 VSM
el LAY

FERER  Fig 1(a)lT Smy5(Coy Cuy)ss BEITX L CHIE AT
572 RHEED /"% — 2 Z R g, WFRLOMBEL x (26 L T
%, Fig. 1R T D24(1120)F Mkt A a3 2 —
NENTEY, T XXy VERERINLTNDE Z &R
703 % . RHEED f#r 2> 6 E L7e Cr FHUEIZ k32 JiL
BEERIE RTS(1120)[0001], (1120)[1T00] || Cr(100)[011]T&H 5.
Sm;7(Coy_,Cuy)gs BEIE ¢ BN HINICAFTE L, AWICER LT
TR ZRF22 DD D2/ 7 FirbIEL STV D
Z L W53 7z Fig. 1(b)IZ Er7(Coy,Cu,)g; f£D RHEED /¥
H—r AT, y =0T, AEERRRY—URBNTE
D, LN E TWARWZ LRS00 5. y % 025 £ THY
MEEDE, Sm7(CoiCuygs i & [FIERIZ D24(1120)F L
HINT DEHTAZ = PBIREINTEY, Cu JRFIZED
o EAUC X0 A R MEE STV D 2 E R
%,y RN0.75 ETHEINT D L&, D2,(1120)F M & (X H 70 5 [F]
Py — U NBEIN TS, LER-T, D2JRAFED
LEAEDTZDIZIE, Cu AL 2EHREOHIEG BEET
HDHIENRGMD.

1) K. J. Strnat: Handbook of Ferromagnetic Materials (Elsevier
Science B. V., New York, 1988). 2) T. B. Massalski: Binary

Alloy Phase Diagrams (ASM International, Ohio, 1990). 3) F.
Hofer: IEEE Trans. Magn., 6, 221 (1970).

— 131 —

Sm,7(Co4_,Cuy)s3 Ery7(Co4_,Cu,)gs

(a-2) x=0.25 (b-2) y = 0.25
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(b-4) y = 0.75

2240

@ o0 % o0 ®
2130 1230

o o 6 6 o 9

D2,(1120)[0001]
(d) | Cr(100)[011]

D2,(1120)[1100]
|| Cr(100)[011]

© R (= Sm, Er)
© T(=Co,_Cu)
e Cr

LR o NG
ATt
C1{011] e

Fig. 1 RHEED patterns observed during formation
of (a) Sm17(C01,xCux)83 and (b) Er17(C01,},Cuy)83 films
on Cr(100) underlayers. (c) Schematic diagram of
RHEED pattern simulated for D24(1120) surface. (d)
Epitaxial orientation relationship between D24(1120)
crystal and Cr(100) underlaver.
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GdFeCo 7 = U fMEIAR TR i U 5% SR AN — 105 O FR e

Z)IEEZE 1, Souliman EL Moussaoui 2, &)1 K& !, 4 HE— 2 A 2
(" BARRZRZBEE T2 FERE, 2 AR T4H0)
Investigation of magnetic inhomogeneous structures at interfaces in GdFeCo ferrimagnetic thin film
Yasuhiro Futakawa', Souliman EL Moussaoui’, Hiroki Yoshikawa', Yuichi Kasatani?, Arata Tsukamoto®
(* Graduate School of Science and Technology, Nihon Univ., 2 College of Science and Technology, Nihon Univ.)

[FLBHIT: MR ATVRCAE Y M A L —F 7 EOT A A TIIREFENEE 70D, 2D
DT /3A AT, Landau-Lifshitz-Gilbert J7 200 5 —IH O Gilbert JilE E K o 1 X 0 BAL SR RO HEHT AT
IR D SEREE i BAE 2SR E S5 . o X0 ORGSR AT L7 NI RIS 2 . BEVER OGS,
A 72 E ORI BEHTRB I N DN BEROFGDEESNTWDER, 0 o & OHBIZIMKIZIZIINTE
B3, OIS/ 2 JE IR BN 36 1T DL O BB O fEH] - HIEHA R D STV 5. AIFFE T, B
T LT [ — R R G2 BT 5 78/ 7 7 A GdFeCo 7 = V) MK OREMER R EICE B L, a & DA
BZ DWW THRFETZ1T 9 . GdFeCo 7 = U BEMEIR TSR E I SUUZ L BUR AT Ao L, W LA LS 014 1)
BB, A A D Q% 3514 % . GdFeCo HJB D & 2 IFRHEIPH (2 33\ TR L omiA b B
Fith /X7 A — 2 PSEEIC X 0 AIC KR E S BT 2 2 260 L TE VO, 2T imir kil
N T RN AR HE D B 70 5 RS T B U T2 R 5 02 %t~ 5 R — & DIFE A TIE LTV D, R Tl
Z DOFEBERAE T3t U, BERFFHE DRI A O & 52 il 2 @R 2 1R L, MitaiTo 72,

EEAE: MKEREOFNLIZ I, MRV ) F(Vibrating Sample Magnetometer : VSM) % HV 7=, JHITER
BHZ T Gd (LR & IR K & BB & B EEA D x =22 at.%, EMORALN 0 & 72 D RHUAIE S A2 Bde x =25
at%) & L, ¥~ 7% a8y ZIETHIE L 723 0BHEE A, C @ SiIN(60nm) /Gdy(Fes75Co12.5)100-¢ (£ nm) / SiN(5 nm)
/ glass sub. (x =22:A, 25:C at.%) (t=5 ~ 60nm) % /=, £7=, EHE A ORI EROBR AL —DO¥E
fbx B E L, FEEOTFIECTERLL 7-30EHE B, D : SiN(60 nm) / Gd(1 nm) / Gd.(Fes7.5C012.5) 100 (£ 1m ) / Gd(1
nm) / SiN(5 nm) / glass sub. (x = 22:B, 25:D at.%) (¢ = 5 ~ 60nm) % F /=,

GdFeCo 7 = V) Bt A R SRS N —BEDKE § o O_SumpesA + SamplesB
HEEE A, C 2B B BRI L OBUZ A % Fig 1 [RT. £7-, 3 SoElt GledemaCons

EHEE B, D (236517 2 fafnfifb OISR A 2 Fig.2 127 #UEHEE A, C %ﬁ% EMﬁT

TIAER L= SR EEE T, SOMBHL M. O K& RIS SRS B0 Tl

e, BRIRARAEMEIZE R IR AR & R 71— & O JE S O b § ?’"Wf*”“”“ﬂ

B DA RFER BB L TWD b0 L LTHATE, KEFROH LT o 'T':ick:(;ssifj(nmg;o o 7
iﬁ%ﬂﬁiﬁﬁﬂ:fﬁj&Tﬁ‘é LIRSS, kL, ELHBEOR Fig.1 Thickness dependency of Msin
FHEE B, D TIZRUEHEE A, C THERR ST & 9 REAFIRAL OBEKAFNEIX samples A and B measured by VSM.

FERONZRG, BEE L GdEE&IT 5 2 & T, M bliffsns

GdFeCo DRIRHFE & IS\ & FRBLATIE T 5 = & &7 LTz, R e
g M
BEERTIE O BT PAL 25-20 FUECIRREE B R FIIS Y B3 | .
FORH(S1311020), Pk 2630 fEECRBRER RSB G B Bx S [ 1
FEIATE (WFZERE IR M) -/ A B L 28t 27 (Grant No. 26103004), 3 ?@&ﬁﬁ &;%JW%A
EHRA b L — VW EHEERAE OB IC L D fT - 72 0 10 '20 30 40 50 60 70
§%Kﬁﬁ Thickness t (nm)
1. C.D. Stanciu, A. V. Kimel, F. Hansteen, A. Tsukamoto, A. Itoh, A. Fig.2 Thickness dependency of Msin

Kirilyuk, and Th. Rasing, Phys. Rev. B 73, 220402 (R) (2006) samples C and D measured by VSM.
2. A. Tsukamoto, T. Sato, S. Toriumi, and A. Itoh, Journal of Applied Physics, 109, 07D302 (2011)
3. R.Ueda, H. Yoshikawa, T. Sato, and A. Tsukamoto, Digests of MORIS 2015, Mo-P-06, Penang, 2015.
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Fe-Ga VEFIC 35 1T 2 i J8 I e SR M D I E AR A7

EEAS, BOF 3, miR FE, BE O GRAER)
Thickness Dependence of High-frequency Magnetic Properties in Fe-Ga Films

Yasushi Endo, Takumi Sakai, Takamichi Miyazaki, Yutaka Shimada (Tohoku Univ.)

[ZL®HIT Fe-Ga HEBIIERBROT A, KEAFIBLIA, @E 28R OIS DRE &0 o 72 R 2 e R
EETAHZEDNEL, WWHEVYRT IV Faxz—H L W\Wo R BHRT ANA A~DISAPHFE SN TWD. &IT

W, THEELERE BRI T 5 @i - /N - SRV — @R T A ZAOAIFIZ AT T Fe-Ga MR H
ZHEDTND Y. LN - T, Fe-Ga #L, 7 /310 AISHICHENT 72 5Lt ic E@?‘é*ﬁpﬁ Jis < ﬁzbi“bfu\
L. THETOMETIE, FICHKOT A, merk g E s, 2o vy 78O Ga MK FEMEICBE LTk
MENTEE?). —FHT, ZRNOOER/NT A —Z OIERIZ L DB LI L T+ 2manirbhis 51,
E VDT 20 nm LA F O L0 EWFEEE TORRIZ 2N E THE STV, ABFZETIE, MRIEVIEED
Fe-Ga B2 31T 2 @A MR EZ RET L, TOBEIC L 28 i EimT 5.

EERAEK FeysGagy (Fe-Ga) HIEICEI LTI, DC =27 % by 28y Z 2 HWTHERL L. £ 05t
L, Glass 2R EIZHAE L 7= 3-100 nm JED Fe-Ga = TH 5D, CPWIZEH LTI, 7+ MUV Y757 ¢, DC
TR IR ANy ZBEOY 7 M T7EEHWCTER U722 ORI T 7 2 Mtk (B S @550 pm,  FE#%
TERg 1 7.0) FIZHFES 72 Cr (5 nm)/Cu (300 nm)/Cr (5 nm)FEEIECTH Y, T ORARIT A KISz 1
R— MUK TH 5.

YERL L 72 Fe-Ga IOt SIS MENT 121X TEM %, Z OFMLAOHTIZIZ EDX 2 W=, 72k, fidhid 2y
L, BRICBEIfRZR < bee MM TH S, £z, FREKEEICE L CiX VSM & EREREFHIEER
Z, EEREEEEICEI L TIX VNA & CPW 2t btEl-7n
— K32 R FMR JIEHE V% v 7-. e Qo"—‘
BEBEUER Fe-Ga MBIOBLIBIIRITBILIC £ - TRz %ﬁﬂ%izfy
-400 -200 0 l zéo l 400

t=5nm

STW5 (K1), ¥74bb, BEES5Sam LU TiE, FMEEER ORI
JiaE 90 EAL S E D L, BAL AR S AR & EAR IR

Magnetization, M/M
o

Normalized

LRY, ARSI LD L0 THS, —h, B TS am B F cesomm e O]

RN EN aiE S ANEAN 073 el S s i 2 (N A N T § ' ' ! +

WTNDEBXBNS. ZOfEIL, Fe-Ga EOMBFHENBIE 3% o -

Lo THLSRADZLZRLTND. K2 FeGallcbi s 28 [ Y

FFIRER DT () L X e 7R (o) OEFIZ L 524k Th 5 1000 0 1000

% A VIR 30 nm LA T CIZBEE OB & & £ 12 15 ppm 2> 5 24 ppm External Magnetic Field, He, [Oe]

NEFELUHINL, BT 30 nm LA E T 18 ppm £ T L. 2 Fig. 1. M-H curves of Fe-Ga films.

O OMEIZT R TEEE SV 7 OfE (98 ppm) (2R TR 72 o7z, g” T T 1 T T11%%%

ZORRIE, BEAORKSES [111] FREa-TnsIeick 3 SN Ll

2H0LEZLND. o lZBILTE, BUE30nmm TiAkLARY, £ £ ] %8

OIEIE 0.084 Tho7=. BIE 30 nm LA LTI, a i3 0.068 £ CHA 53 1" g

L7=. RS OffilE Fe-Ga BRI Y (A TEL, HREAD e 5,00 1 v 1 v 1, 1, 11778

PUTRL, SERBIMb -2 sick b eExbND. Zhb 32 0 0 et
DOFREFIL, BEICRRZR <, &N H D WITHERI 72 AN —MED A Fig. 2. Thickness dependence of A and

LalCE LS WBEEZTWAZ LA RE LTS, o for Fe-Ga films.

BE APEO—EIL, RIERFAE Y b e =7 R EINREE 2 —, RIERFEEEE- L7 b
n=7 ARG H—DOIHEO L O EiTbivTs, £z, RO, BRI (B) (No. 26289082,
No. 17H03226) P& FHITZEESER % (No. 17F17070) OO b & TIirbiviz.

BE R
1) A. E. Clark et al., IEEE Trans. Magn., 36, 3238 (2000)., 2) B. K. Kuanr et al., J. Appl. Phys., 115, 17C112 (2014)

3)Y. Yu et al., Appl. Phys. Lett., 106, 162405 (2015)., 4) Y. Endo et al., J. Appl. Phys., 109, 07D336 (2011)., 5) =S
f, Digest of The 39" Annual Conf. Magn. JPN 2015, 124 (2015).
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7OV A L ——FRFE(PLD) & V7= MgO Jai | L1y-FeNi o g

IR, GUEAR |, WANEN Y, HbwA !, siARKER !, wHEIEM
BETERA 2, NSRS, NEIBRZ S, KRR Y, @ALELE Y, TR
(R RS, 2 AR VERTZERT, 3.JASRI, 4 RALKRZA& @AM EHFSEAT)

Fabrication of L1y-FeNi on MgO substrate by using Pulsed Laser Deposition system
M. Saito, H. Ito, J. Ochiai, A. Mori, Y. Suzuki, M. Tomita
T. Miyamachi, F. Komori, T. Koganezawa, M. Mizuguchi, K. Takanashi, M. Kotsugi
(Tokyo Univ. of Sci., ISSP The Univ. of Tokyo, JASRI, IMR Tohoku Univ.)

LI

IHFETIELT A Z VOl & & R L~DBENL XX AR OL TR INDL LT A X VT
—REMHEMEHCIER N EE > T D, 29 LIEal 2 b4 X EMA Fe & Ni OATHEER I, BSOBER
HHVEEAT D L1-FeNi \C{EH L, ezt CE 7=, L1-FeNi OBKFHEIIRAEOE 7 1Y —It K& <
W SN D Z LN Kojima b NCE W RENTWS, £72FD—F T, Shen b 2N LV HE OO IR &
WIZBWTIE, 2SR L—¥ =735 (PLD) #EX2 VW5 Z & T MBE JEIZH XV layer-by-layer iRV
ERENARETH D Z EARENTWD, £ Z TH 41X PLD 2 VT Llp-FeNi Z1Efl4 2 = & THAIEOH
EEERERE T (K) O EE2RATZO THRET D,
EBTE

ABFOERIZ X YAG L —— %Y & 3% PLD ZH 2, HARIZIE MgO vy, 7 =— VLB 24T\,
Fe v — REERELZHK, Au, Cuz Ny 7 7@l LTHELT, FeNi BL O FIA~yFE2EEL, ¥
HiEZm EEE 5720, Ny 7 7 8O %28k 2 128 2 CREICIHA L7z fE %, EBAEEIX 300 Cl
Kb ETWD, 0%, HR R HEREEZ T FeNi fi% 50 ML
KA LTz, K, DI Ea BEJIZ, FeNi 25RO IR BERFIE 2 A L,
REFORE T 7 4+ 1 2 —% AFM TEIZT 5 L 3L, i 1T XRD Cff
HrL, SQUID % v CREG R % 5FA4M L 7=,
EBRER

Fig. LICAFMIZ KV BIZE L7 FeNi EOREE 7 + 1 ¥ —D—fil % ~7,
A O R IE FeNi/Cu(50 nm)/Au(10 nm)/Fe(1 nm)/Mgo-sub.f%vi{mf“
300 CTH 5, FHEIFBNEROIZIEEL CTEHTH D Z LRI

, KE SH500 nm FLE O B E N KO SN, TOT7 7y b

73> MgO B D<110>HALITih 9 Z &R SNz, 2D &7 b FeNi 5 :
1% MgO HEBUICH LTI E X ¥ o v LICRE LTS Z LRI SN, Fig. 1 Surface morphology of

Fig. 2 [ Z KD SQUID (= X 0 HIE L7=Réfb i a9, M, = 800 FeNi deposited at 300 “C

emu/ce, K, =1.43 x 10°erg/cc TH 0 ,HINBLIK TH D Z L3 pinotz, B o5 80OF —
EAE LT FeNi FEIIIC A L K, 28K < 1L L, REo b b i 5 r
BENT, BBURE D RO LI SRR HET L2 2 E2VRIR SRS, 8 0L
W HH O XRD 1S & 2 A5 S OFEM, MFM IC L5 2 7 0 AREHE  E 0l
DEEE, BRAEREE OISOV THEREZITY FEICL TN, > igg B

s - — Out-of-plane
85X 5 oo p

= -800 A
1) T Kojima et. al., Jpn. J. Appl. Phys. 51, 010204, (2012). 20 0 20

2) J. Shen et. al., Surface Science Reports 52, 163, (2004) Magnetic Field(kOe)

Fig. 2 Magnetization curves of
FeNi deposited at 300 °C
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RTA AL L 7= Pd-Sb VA L1,-CoPt MERED b i I & RS R
Eloy BIEE - MK S - MR 15—

(B ERT KR B LR
Crystal orientation and magnetic properties of Pd-Sb added L1,-CoPt thin films prepared by RTA method

Y. Kokubun, K. Kamishima, and K. Kakizaki
(Graduate School of Science and Engineering, Saitama University)

1. %

B HRACIZ R, B EEREER DN AT RE 72 FRER LA 2 R D BT B,
L1,-CoPt BT & s R B R A2 A4 5720 VRl b2 2 eI
RECED Z e, IR OGEEEA L L THER I TWVS, 4
FFEEE Cld Pd 35 KOV Sb 2N L 7= CoPt #5235 T, L1,-CoPt &4
DWALRE S Hh T d 5 <001 > J7[m 23 i B 57 mICEL 3 5 2 & 2
w72 P, AFZETIE. rapid thermal annealing (RTA)Z 8 A L, ZVLsf
SRR 5 2 & CEAMER X O EHEO [ EE ERE LT,
2. ERFG L

R I3 Z—2 y M of = 7% oo 28y ZEEE & -,
& —/7y MIZIE Co A#(76 mm®) L2 Pt F » 7(1 em?), Pd F ~ 7°(1 cm?)
BLOKRRD Sb ZED (T2 b D &AW, Fr o "—HN%E 2.0x10°
Torr LA FICHES %, Ar H AE% 2.0x10 2 Torr & L7z, A8y Z B
NET 44 Wem® & U, BRAHN T AR EICHEIR THRIK L7z, &
WBEt% ., JROMR T B Z - BJEH . 500~700°C & T 40K/sec. T
SOEMEVL . 5 R OBVLER 2 AT OB A 157,

LAERBLUOERE

Fig.1 I% T, = 500~700°C T 5 43[#] RTA ZL#E% L 7= PdSb-CoPt j# B X
BETE 2R, T, = 500 3 L O 550°C CRVLEE L 7= ClE, fec-CoPt
FA2> O ORI O B DGR S dv, AL R R+ Th 5, T, =600°CLL
b CEVILER U 72 RIZ T fet-CoPt FH(001)1H 7> B D [BIHTHR A B e 1278
HHND, T,=650 35 LT 700°COBEETIX(001)H A B O [RIFTHR EE 3 K
L. HEME BT 5 2 L b AR tEOm LR TE 5, ZHUTELL
HRE O EFIT WD DFERBIZBAT T 5720 D= R L F—)
ML, HANEPSET L2 B b5,

Fig.2 1% T, = 500~700°C T 5 %y RTA #L# % L 7= PdSb-CoPt DR
{BAE(M ) | HEEE PN 5 TR (Hey) 36 X ORI E 7 1Al (He | ) D ERES T % v 3, T
(BB ZBLERIE E O _E RSP 9 D #E I 2R, — 07, PEE T E
0] OPRAEI1E T, = 600°C LA CEVILER L 72 fI2 38 T 16 kOe 2B 2.5
RKERMEERD | T,=650°C OPETH K 18kOe 313515, MMZ T,
Hc, /Hey VL T, = 650°COE THCORAER) 20 & 72 0 b BAF 72 T EAL
&7 %,

L Z &N

)

® (001)

@ fct-CoPt
v fee-CoPt
002) e
T, =700°C

Intensity (a.u.)

(111) (200)
o, v Vv 550°C

W 500°C
20 30 40 50 60 70
2 ¢ (deg.) CuKqy

Fig. 1 XRD patterns of the PdSb-CoPt thin
films, then post annealed at various

temperatures for Smin. by RTA method.
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Coercivity (kOe)
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0 0
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Fig.2 Dependence of magnetization and
coercivity on annealing temperature for the
PdSb-CoPt thin films annealed by RTA
method.

1) D.Weller, A.Moser, M.E.Best, W.Lee, M.F.Toney, M.Schwickert, J.U.Thiele, M.F.Doerner ; IEEE Trans. Magn.,

36 (2000) 10.

2)  FPUPRGL, M, AREEE T 55 39 [l A ARRR SRR B AR (2015) 34.
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VN B X OVC THiJE Bk L 7= F1H FePt {EiE D
BLAtE Iz IET % v v 7O

BAREE s KTt - ZRIERR® - B R ® - faggE=t
Crak, PR, CHUEER, YILIEKR)
Influence of Cap-Layer on the Structure of FePt Alloy Thin Films Formed on VN and VVC Underlayers
Tomoki Shimizu®, Mitsuru Ohtake'?, Masaaki Futamoto®, Fumiyoshi Kirino®, and Nobuyuki Inaba*
(*Chuo Univ., 2Kogakuin Univ., *Tokyo Univ. Arts, “Yamagata Univ.)

[ LIS Li-FePt HLHIA 41T 6.6x10" erglem® D

W Ky ZEF 0720, BB ERSGLIREEARS MRAM Out-of-ﬂ%{é Cap-Iayelrn-plarrle’c_;s Out-of—pla‘r%Cap-layerln-plagi
~OISHBBRH SN TSR, 730 2~osilic |§ 888|888 gy K8
IHALASCH S c OB mEE, BAEOm E, S 588| 55  £4) &8 s b
BEDFARPEASABE L 72 %, ZE CHA BERTR 278 WT B2 ) F| |58 S &)
NE—OKE R THIE EIC FePt BE T 52 I8 ) @ jE J\Lf R

TROREEOM L2 ER L7200, clor g |

S ORI B L C IR A S 7. %y 8| ﬁ&ﬁ

v TEEEAT B & T EN IR B8R 2 | —

HnsRE D, EINHIENS AR TH 5720 2, AR5 i * o el |

T FERI Ay Foke Crmaaa®— LT ]

DRI % 3O g EIZ FePt [RAE R L, THE 2030 40 50 602 5025140

Il Il Il L Il 1
50 60 20 30 40 50 6020 30 40 50 60
. 20(deg.)

JERES KO v v TR OA DS FePt ORI 20 ) 20r)
LA I RIT A T, Fig. 1 (a-1)—(f-1) Out-of-plane and (a-2)—(f-2) in-plane XRD

patterns of FePt films (a)—(c) without and (d)-(f) with MgO

. o -| deposited , (d)] MgO, [(b), VN, and [(c),
EBAE WOV ERE < /% s oa S dposted on ) (9] MGO, [0 @] VN end [0, 0]
Py B T E A UL SITIOS(001) Hadk iz A&

w/o cap-layer w/ cap-layer

R 600 °C T2 nm JED FHIEZTERLL, R\ (a-1) I @2 T 1
<200 °C T 10 nm JE FePt JE% K L7-. FePt W [ 0
B I SEBGRE 200 °C T2 nm ¥ ¢ v TEETE 2 s 0
AL, BLAEARIE D 729 600 °C CHLER Z i L 7. M j it %
FRER TETCTHR y y TTEEL ORI RE L7/ 8 : : : :
YERHAfilZ1Z RHEED, XRD, AFM, RHbiifglEic £ |60 1 (62 Lo,
1L VSM & Wz, B _ JW (‘M il 05

Es 4 I 1.0
EBR#ER Fig. 1/2 MgO, VN, VC FHiJE LICBAL g:mmW M o
L 72 FePtIE D g I L OV XRD /3% — 2 & /- T, § ‘

% v TEBENBE, DTROBICR LT b sk o W “? W"Wi !
LN XRD /87 — AT 3\ CHAS IO 2 T . ’ ) 1%
T DN S NS 72, ¢ EASEmNIZ A T2 ] %ﬁ% {-05
L15(100)3 LY L14(010)3 Y 7> R ANRBAEL TV 5 ‘ ] ‘ ‘ 1
ZENBMD. —F, S v BERITELS, O -0 50 5 10-10 -5 0 5 10

VC
%§

T FHE % VT b E R O TR e Mionel Tl (109

= 3 - = S D Fig. 2  Magnetization curves measured for FePt films
S {L? ¢ mﬁ»ﬂ%ﬁgk[ﬂ b/\ 7= LLo(001)7 I,) ” / ,]:0) (a-gl)—(c-l) witr?out and (a-2)—(c-2) with MgO cap-layers deposited
IR D &5 ICEFDHE S TN D = L3570 on (a) MgO, (b) VN, and (c) VC underlayers
%. XRD O#ER X 0 HH L7= MgO, VN, VC T Hii)E ’ ’ '
O FePtIEOBANE SIEF v v TR ENGS, £ 5=01,02,01 LEVMETH 7223, F¥ v 7@
kT, $=05,06,03 IZZENENEKRL, *¥ v 7FEEZENT 5 Z & THAIE O EAEB T /.
Fig. 212% ¥ v 7 TEOH T FePt IEORAL IR A G L 2R 27T, WIFho THEZHW T ¥ v v
BEIEKT 52 L CEEMIBEFEMERLTND I ERHRTES. ZO/RREIY THEZHWZHEIC
BOWTHF vy TEOEAN c MiOBEHENZADNTHL Z LR g0o7c. HHIZTVC BN ¥ v
JEE AW REROBERTDLTETHD.

BE Lk
1) IEAK, TR, S, R, AR, MR, fRE: /5544, 116, MR2016-40 (2016).
2) M. Ohtake, A. Itabashi, M. Futamoto, F. Kirino, and N. Inaba: J. Magn. Soc. Jpn., 39, 167 (2015).
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RBipb 2y 7 7@ ED Mn,Ga BEOKK /it

EfES T, ERRE . WBECz . LIFES
(Eﬁit%ﬁmﬁ%jﬁ%ﬁml%ﬁﬁ )
Dependence of magnetic properties on different buffer layers of Mn,Ga thin films
Y. Takahashi, K. Sato, T. Shima, M. Doi
(Graduate School of Engineering, Tohoku Gakuin University)

ZL®HIZ

Mn-Ga #HIE &I X 8L (Ms = 200-600 emu/cm?) )| &R 5 V(K = 10-23.5 Merg/em?) & 7=
TIERFBNTND, 1> T, FF T Mn-Ga @RI AABAMERLAY =LY fr=2 27
NA ZAOWHAREHE LTHER & TEHEY . Mn-Ga @ EEO 732 <171 T 5, Mn-Ga R
WX o THBEENS 7 = VB Z R L, Foa—F 7 2fafifl & iR EZ2 s m725 L ST d
WL V7RIS D L1 Mn-Ga (1 % 1) &&3 FERREB TIIFE LRV, Eio, BEEEZ MO TERS
A7z Mn-Ga & ERECk % 7oy 7 7 @ CER SN HE D7, KIFRCIIlEmESEE 7 v — LK%
BEEMOWTER LR DNy 7 7 8 B2 5 Mn,Ga iR OB IEDOBREZH O NCT 5 Z Lz AL
L7z,
EEBAE

WRRUEHI B M E 22 E - U — AFFEE A W TERL 2005 Y — A3 BNERZEE 5X103 Pa LITT O
WHETY — 7 BRIEIC L0 MEBL U 72 MnwoGa &4 & AV 7o, IR E R (T B R 42 8.9 X 107 Pa LA R,
FEHURE Te=300 °C. BLHEIRSE Ta= 300 ~ 500 ‘C. BVLFFFR] 3h & L7z, % 72IEAEALIE MgO(100)
FEM EICkEX 728 7 7 JE(Cr, Fe, Pt, Au% 5nm, WtEE & L CMnGa % 20nm, $¥ v 7 Jgs LT
Cr % 10nm & L7z, 1FR L7 HEOMM Z = 1L X —0 B8 X #r HriEE (EDX). #& s fis 2 X #rla]
Pri&iE (XRD), i S 2 Ji7- M ) BATMEBIAFM), BRI s S 1 R GH(SQUID) & VW T
A L7z, FE7o. EEIRFR I & SO SR BRI E (RHEED)IC & W . 2 DGBIR 21T - T2,
REHER

Fig. 1 IZTEE/EREFD Cr £7213 Pt Ny 7 7| BalESE (a) Cr buffer (c) Pt buffer
? MnGa 5% = DO581%3 L7- RHEED /N — U &R
9, RHEED "Z — 2 TiE Cr Ny 7 7 IZBWTIEEN z ‘ ‘
ZROZX M) =7 HBERTOREIZE S X OITlE LT
BV . MnGa Jg ClIREHEIEEbBE IR, 2 [10] azimuth [10] azimuth
MFRT L~V TR RA AR S L= B8 (b) MnGa layer on Cr buffer  (d) MnGa layer on Pt buffer
YARBERETCHDLE VR D, LLREL, Pty 7 ' "

TIZBWTIE Cr Ny 7 7 ITHAR R ‘/ﬂjt@/w .
—UMALNTEY (SRR EN R I,
A CIX Mo MR & Ny 7 7 R A B b S B TR o B B liith R imuth
B EECBULER FE 1T 3B 1T 2 A E R L ORmH S & Fig.1 RHEED patterns of Mn-Ga thin films.

BEREPEDBARIZ OV TSI %,
L 2PN

1) S. Mizukami, T. Kubota, F. Wu, X. Zhang, T. Miyazaki, H. Naganuma, M. Oogane, A. Sakuma and Y. Ando,
Phys. Rev. B 85,014416 (2012).

2) K. Z. Suzuki, R. Ranjbar, A. Sugihara, T. Miyazaki and S. Mizukami: Jpn. J. Appl. Phys., 55, 010305 (2016).

3) Y. Takahashi, H. Makuta, T. Shima and M. Doi, T. Magn. Soc. Jpn. 1, 30-33 (2017).
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Mn,Ga JERIZ 1T DHKFFED Fe N 7 7 B IRAK A7

ik, @B BEre. HIFIEM
CRAE B R R B T r e R
Thickness dependence of Fe buffer layer on magnetic properties for Mn,Ga thin films
K. Sato, Y. Takahashi, T. Shima, M. Doi
(Graduate School of Engineering, Tohoku Gakuin University)

FC®HIC

MnGa &4 ML TF = —F 7 A 2 fFREE(200 ~ 600 emu/em®). & il S 1 (~ 107erg/em’) V. & A &
VSRR (~ 88%) PE R L, AR LT EE G E R VKA AGH R A 2Ly hr =g AT
A ADOWHARAELE U TREI W 22852 B> T D, MnGa A& IR AR T TV D08,
FRAEEZ V- MnGa B & EOHE 1T O TN Lk, AR T, BEEZEAEEEZ AT Fe Ny 7
7 @ DOIREZEAVIZEE 9 MngGa #IE DK E TR L O MESEOBBREZAO NCT A 2 2 AR E LT,

EER A%

B =77y MMBHTIX T — 7 IR EIF CIERL L 72 M, (Ga &4 % {#
L7z, BRI E B2 1 B — AR A M E (EB) TIT vy, AR
MgO(100) HifE it b & 7o, AT N> 7 7l & LT Fe # 1 nm
F0E5mm. EEELTCMGa %20 nm, ¥¥ v 7EELTCr%
10 nm & L7z, EEFNEIL., 700 CT30 pEREELI-0bL, RNy
7 7 EERE, £ D1% 300 CTEEDO Mn,Ga Z ki L, &%ZIC=ER
TX v v B8O Cr 2B LT, FidmEiEIEL X #REPTEE (XRD), #
i IR BT 2 S i o B 7 [ 97 25 1 (RHEED) |, G SRR 1 L5 3
F TR AR (SQUID), a2 RE 3R [ /1 B BE(AFM),  FH HT
E R — 43 B X M HT(EDX) & WV CRET L 72,

ERER

Fig. 112 Fe Xy 7 7J& 5 nm, 1 nm EIZAE L 72 Mn,,Ga #i D
RHEED /"% — %" $, Fe /Ny 7 7@ 5 nm TIXZNZENDOA LY
— 7 ORIE MgO M, Fe Ny 7 7@l —H L THY [ FF- X
XN NBREENERTEZ, LAL I nm ICBWTIE 3 fFEHo%E [100] azimuth
HEENHERTE | BRILTEXF Uy LRRE TR EE XD
%o BHALIEDFERNS, Fe /Ny 7 7@ 5 nm IZB W TIL Fe Oy Fig. 1. RHEED patterns for Mn,,Ga
T OB AR Blv, WNESEE 72 ->7223, 1 nm (ZBWTIEE  thin films 20 nm on (a) Fe buffer
ELA G A RS STz, B T3 Mn #lpk 2 2b S B 728 L Fe ~Y  layer 5nm, and (b) 1 nm.
v 7 7 J@ ORRIE I 5 BRI M K OGER R D BfRIZ
WTHRET D,

2 & K

1) S. Mizukami, T. Kubota, F. Wu, X. Zhang, T. Miyazaki, H. Naganuma, M. Oogane, A. Sakuma, and Y. Ando,
Phys. Rev. B 85,014416 (2012).
2) B. Balke, G. H. Fecher, J. Winterlik, and C. Felser, Appl. Phys. Lett. 90, 152504 (2007).
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BB MnN i D = & 2 % 3 v LR & A HRE A R

B L PR E, R EEL AR EL R B
CPN W)
Epitaxial growth of antiferromagnetic MnN thin films and exchange-coupling properties
T. Yoshida, T. Hajiri, Y. Z. Ni, S. Ishino and H. Asano
(Nagoya Univ. )

FLHIC

AR, POFRIEIE R (AFM) [BRBEMER( FM)FE RS TIX, FM 2 LT ARM BERE— A > b O#IEIA Al RE T
HOENHALMTZ2Y Y FM L0 BB - @A S5, AFM 2 KL L7 AFM 2B hr =
7 AT T2 WFZE S DA AT TE TV D, TOH TH &1L, MnsGaN (AFM) /CosFeN (FM) FJe i
IZBWT T=4K T, RELHIES E AFM A h T VA7 77— ML 7280 | ARM BEIS T — 4 > b DB
BRI 2 A v F o 7 AHE L2 2, AENE, B TOBILAA vF o 7% BHT7-9I12 660K & @V r—
JVARE 2474 5 FOEENE MaN® & n— 7 % Z )L CogFeN FEEREIZVER L, @SB 7R MnN =B % %3 ¥ Lk
JROVERL L | CosFe 3 L UNA B I AIZAHF 2 /n—T A H# )L CosFeN & DFEJE I CAZ Hafs A R Tl 217 - 7=
DTHET 5,
ERG

FOSHE~ 7% oy A8y ZIEITE Y Mn #—4 b Z FIVC MnN #1554 MgO JE45(001) (s 72 2~ v
F:-1.0 %). MgALO4(MAO)FEH(001) (48 1 X A~ » F:-53 %) ki, FEARIEE 325°C, JBUE 30-50 nm, A /X
Z J A Ar+5-50 Ny%., H A 1-4 Pa, OFiPH CER L 7=,
TG AR (He) 1X CosFe # —4 ~ k% T CogFe,
CosFeN % ff)E &, {RJE 400 °C. ## 10 kOe T =— /b
L CHIEZIT -T2,
REREER

Fig. 1 (2, FEARIEEE 325 ‘CCERL L 7= MnN JEE 0 i E
XRD /X% — 7R, MgO MK & MAO il & Dt 5T,
N,=8 %-50 % & i\ > No%#iH T O RS A3HERR S, N,=18 %
T 040 MnN 0 a Bifl= BE 3 (0.4256 nm) (2 TV Vi T E 4K 36 38 40 4244 18 20 22 24

. . _ < P 26 (deg.) o (deg.)

(0.4249 nm)3 5 H 7=, F72 MgO bk ETid, X #RIaldr .

. 3 . _ SN Fig.1. Out-of-plane XRD pattern of MnN
(XRD)7 852 5 1% MN(200) & =7 3127 7 = iRI 27 deposited on MgO sub. (blue line) and MAO
R TE, 7y X7 —7 HEIEFWHM)A 0.049 ° &5k sub. (red line)

WEEE 72 MnN 2353 50TV 5 2 E 3o Tz, Fig. 212

MgO
MAO x10

Intensity (a.u.)

MnN |12 520 T CogFe % B &t 7= BRI 331 5 B Lol ‘
AT, REFEGHRIE, TNENOEMRIZB VTN, = ;
10 % T KA 2 7% L7278 MgO FabR T & 0 K X 72 He =230 057 I

Oe MEH L=, T MnN X, XRD /3% — 25 EERHEIC /
ITWEFER L 0 FWHM 24 L TR Y | SOmBaEA MnN

2o -1.0CJJ

=]
=]

MM (a.u)

S
in

DI & AR EREOMEMEZ R L TS EE A b

B Lk -1.0 05 0.0 05 1.0
H (kOe)

1) B.G. Park, et al., Nature Mat. 10, 347 (2011). Fig.2. M—H loops of MgO sub.//MnN/CosFe

2) H. Sakakibara et al., J. Appl. Phys., 117, 17D725 (2015). bilayer, measured at 300 K after annealing at

3) A Leineweber et al., J. Mater. Chem. 10, 2827 (2000). 400 °C in the field of 10 kOe.
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FeCo i~ V, C #INZ X 2 bet # 1G22 E Al & — il dt ek 5 5% 7 M

WARTN (i), rempel (Bed), EfEmE (Bif), ARE=, BaE:
(FKHREET)
Stabilization of bct structure and uniaxial magnetocrystalline anisotropy of FeCoVC films
M. Sakamoto, K. Kumagai, K. Takahashi, S. Ishio, T. Hasegawa
(Akita Univ.)

XL ®IT

BRMEOBLENG, VT T —AZ G RV Ek ik EZ 5 (K, st (M), &¥ = U —iRE

(To) AT 2RO FHIKABAMELOBRTED RO 5T D, FeCo G4, EREEE DO THRRKD M
LR T EATOMEI THDN, LT DT OIC— R E S EZ & o WG ER R L TR s Tn
Do IEHEEE AT D FerxCox L, @My Ky & EW Ms & &b b D[ REMEN B 5 Z & 23 T. BukertY, Y. Kota? &
IRV HESN TS, EERIZIE, F PR ANy 77 —JE L FeCo L DM DI AT v MTXD
FOHEN, HLWIE LR RIMNCLHEOEANICLY | BEMKEGEDEET 5L 0HRERH D ¥, L
MU G, il 2135 100 nm 2 O EREGEIKIC 1T 5+ 0 EOE AN, F72FITHE D & K OEAIZITE
STV, & Z TR TIE, FeCoVC @D EERIZ X9~ % ftidbiiiE & Ko D& L& i~
ERF

O R I ZE L L RIRE R Xy 2 U o 735 E (B EZEE <5X107Pa) # M7=, £3°, MgO(001)
AR E_EIZ FeCoVC Z LI S 5 72012, BHGREE 2 200°CIfREF L TRUBEZAT > 72, RWT, fRfkpiik
DI=OITF ¥ v 7 & L TSi0, & FIR CTHUE L7z, MEIEFEANIZIE X AR EFTEEE (XRD) | BERFEPERFAMN 2 1338
RS /15 (VSM) & vz, .
EBRRER T

Fig.1 12 MgO He#i 112 72 5 % Tl L 7= FeCove |7 j A 2 |a
D Out of plane XRD /3% — > Z7~9, MgO AR E \..__..—JJ u~ww N 100m
LOE—2 L FeCo(002) ' — 2 DAap@llshs =& &1 A N 00m
M. FeCo AADILAMDAERITA< . QDTN * 4 W &_,::: S o
WZx U CHERE S HICE R LR BB E o Tns Z & i \ Y S ;m
Iy InD, FeCo(002) B — 7 MEEIE DN L, KA o

PRI . . ol L .
20 30 40 50 60 70 80 9% 100 110 120

Az 7 R LTWB Z Eonb, c BB O i ikt % 26 (deg.)
HIT DI LD, Fig2 ix. XRD OFERNMLRD T Fig.1 Out of plane XRD spectra of MgO/FeCoVC/SiO
W ca BLOZOE da T ay FLELDTH films as a function of film thickness.

%, Rh THuE Eo> FeCoVC TiL, BUEDHMICLE S T 0-340 140
AL cla P LTS, —J7, Mgo Stk BICEH ¢ 1.35
ML 7= FeCOVC Tt BUEOBMIZ M clamssgmL, 5 130 <
I 100nm 12350 T h cla~ 108 REH LTS, “hb £ 1 g
. £ 0.300 120 E
DI LM, FeCOVC IXHBINC EHGEEAT DL 5L § % i ° 2
g i
515, € 0.280 A A 1.10
BE R - * & " 105
1) T.Burkertetal, Phys. Rev. Lett., 93, 027203 (2004). 0260 LMt ) 1,00
2) Y. Kota and A. Sakuma, Appl. Phys. Express, 5, 113002 0 10 20 30 40 50 60 70 80 90 100
FeCoVC thickness (nm)
(2012).
3) FYildiz et al.,, Phys. Rev., B, 80, 064415 (2009) Fig.2 Film thickness dependences of lattice constants ¢

. . (@), a (A) and axial ratios c/a (MgO/Rh/FeCoVC/SiO2
4) H. Oomiya et al., J. Phys. D: Appl. Phys., 48, 475003 B, MgO/FeCoVC/SiO; X).

(2015).
5) AfRBfE T, F <4, Vol 12, No. 1, PP. 21-25 (2017)
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DO0000ooobooddd betFeCoOOOODOOOMOMO
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Magnetic properties of bct FeCo nanodots with uniaxial magnetocrystalline anisotropy
T. Hasegawa, K. Kumagai, M. Sakamoto, Y. Nakamura, S. Ishio
(Akita Univ.)
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[1] H. Oomiya ef al., J. Phys. D: Appl. Phys., 48 (2015) 475003. [2] S. Yoshida et al., 8th Joint European Magnetic
Symposia, p. 757, Glasgow, UK (2016). This work was supported by the Japan Society for the Promotion of Science
KAKENHI through its Grant-in-Aid for Young Scientists (A) (JP15H05518).
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Fig. 1. (a) Schematic image of bct structure. Magnetic properties of (b) bet FeasCossAlyg film (2 =20 nm) and (c)

nanodots with D = 50 nm. (Samples were demagnetized before MFM measurements.)
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SmCos )/ a ARy vy MEREED & RV —FE{k

RS B, B OROR, K& R, 0 SRt
(MERME RT3, RATEKRT)
Improvement of maximum energy product of SmCos multilayer for permanent magnet films
W.Koganoki, J.Tanaka, K.Ohashi*, S.Nakagawa
(*Shin-Etsu Chemical Co., Ltd., Tokyo Institute of Technology)
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1) J.M.D. Coey, IEEE Trans. Magn. 47 , 12 (2011)
2)  HHR, 540 [B] B AR RSN 2, 08pC-10 (2016)
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Estimation of Interlayer Exchange Coupling Constant in Nd,Fe 4B/
NigoFe,o Thin Film: A TRMOKE Study

Ruma Mandal'?, Yukiko K. Takahashi'?, Kunie Ishioka®, Toshiyuki Shima®, Daisuke Ogawa'?,
Takeshi. Kato*, Satoshi Hirosawa'* and Kazuhiro Hono'*
'Elements Strategy Initiative Center for Magnetic Materials (ESICMM)
*National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, 305-0047, Japan
*Tohoku Gakuin University, 1-13-1, Chuo, Tagajo, 986-8537, Japan
*Nagoya Univ. Furo-cho, Chikusa-ku, Nagoya, 464-8603, Japan

Enhancement of coercivity in Nd-Fe-B magnet without using heavy rare-earth element is one of the most important
topics in the permanent magnet community. Recent study on microstructure analysis of hot-deformed Nd-Fe-B magnets
revealed that one possible way to achieve high coercivity is to isolate each Nd,Fe 4B grains magnetically by forming
non-ferromagnetic (NF) intergranular phase. Grain boundary diffusion process (GBD) using Nd-rich eutectic alloy [1,
2] in sintered and hot-deformed Nd-Fe-B magnets is one solution to form the NF intergranular phase. However, no
experimental method to evaluate exchange coupling between Nd,Fe 4B grains is established. In order to estimate the
exchange coupling constant (J,,), here we chose a model sample of Nd-Fe-B/Mo (£)/Ni-Fe magnetic multilayer thin film
structure.

The stacking structure of Mo (20 nm)/Nd,Fe 4B (16 nm)/Mo (¢t nm)/NigyFepy (5 nm)/Mo (20 nm)/SiN (65 nm) were
deposited on MgO [001] single-crystalline substrate by magnetron sputtering with a base pressure of 4 x 107 Pa. The
thickness (#) of the Mo layer was varied from 0 to 3 nm. The magnetization curve (Fig.1 (c) and (d)) shows that for Mo
(¢ > 0 nm) the coercivity increases and remanence decreases. To evaluate J,, at the interface between the Nd-Fe-B and
Ni-Fe layers, resonance frequency (f,) was measured using time-resolved MOKE microscope. An external static bias
magnetic field (1H,) upto 2 T was applied at an angle of 8y = 50°. The f, of a single layer Nd-Fe-B thin film is studied
first. Then we studied the magnetization dynamics of coupled multilayer film structure. The f, of Nd-Fe-B/Ni-Fe
resembles with the value of f; of a single layer Ni-Fe thin film with addition of a strong anisotropic field originated from
the Nd-Fe-B thin film. A model calculation [3] of /. vs. H, is done using a macro-spin approximation for this bi-layer
model (Fig.1 (a), (b)). The total magnetic energy of the system is assumed as a summation of Zeeman,
magneto-crystalline anisotropy, magneto-static energy in each layer and the interlayer exchange-coupling energy. Fig.1
(e) shows the fitting of calculated and measured resonance frequencies at different bias magnetic fields. The calculated
resonance frequency curve shows that the exchange-coupling constant (J,,) of Nd-Fe-B (16 nm)/Ni-Fe (5 nm) is 4 x
107 J/m’. But insertion of a very thin (£ = 1~3 nm) Mo layer can totally decouple the exchange-coupled system.

920

® Mo Et) =0nm '
-, 5 = Mo (f)=1nm
N O Mo (f)=3nm
5 — Fitted Curve
= 60 [— Fitted Curve R
<ot
o = 33 x 10° J/m?]
= [ g 0o P L
9 © b
% 2 L 15
151 Bl ®-1.5 Bl 2
S 5 d L
g_soa L‘ 6 ; (C)a g_wa " . ; ( )a 0 H 1 . 1 . | . 1
Magnetic Field (u,Hp) (T) Magnetic Field (i) (T) 0.0 0.5 1.0 1.5 2.0 25

Magnetic Field («pHp) (T)

Figure 1: Schematic diagram of Nd-Fe-B/Ni-Fe bilayer coupled system and their corresponding magnetization curve Mo (# = 0 nm)
(a), (¢) and Mo (¢ =3 nm) (b), (d). (e) Calculated and observed f, as a function of z4H,, for Mo (=0, 1 and 3 nm).

Reference

1) H. Sepehri-Amin et al., Acta Mater., 61, 6622 (2013). T. Akiya et al., J. Appl. Phys., 115, 17TA766 (2014).
2) H.Kato et al., IEEE Trans. Magn., 37,2567 (2001).
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BT kL —ZREE PLD 1512 & Y /ESL L 7~ Nd-Fe-B/a-Fe %

T Gy G A R DRV & B JE AEAROM R D B R

wgE s, IIE BPE, M R, TP IR, fEok R
(Rl RE)
Relationship between metal substrates and properties of Nd-Fe-B/a-Fe nano-dispersed film magnets
prepared using PLD with high laser energy density
Hidetoshi Kondo*, Akihiro Yamashita, Takeshi Yanai, Masaki, Nakano, Hirotoshi Fukunaga
(Nagasaki University)
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Si A FERL iR & &5 7 Nd-Fe-B SRJEEG A O Kt D B4R
WA Rk, L0 MR, IUF OBRE, WE EE, REFOEE, Bk e EIRRE)

Relationship between each oxide layer on Si substrates and properties of isotropic Nd-Fe-B thick-film magnets
D. Shimizu, Y. Yamaguchi , A. Yamashita, T. Yanai , M. Nakano and H. Fukunaga (Nagasaki University)
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(1) R.Fujiwara et al., Int. J. Automobile Tech , Vol.7 No.2 pp. 148-155(2013).
QVNES, BRFER~ TR T 1 2 I EE, MAG-12-170(2012).

(3) M. Nakano et. al., IEEE Trans. Magn. 51, #2102604(2015).

maximum thickness of Nd-Fe-B thick film magnets.

— 145 —



	20ALL
	21aB-1
	21aB-2
	21aB-3
	21aB-4
	21aB-5
	21aB-6

	21ALL
	21pB-1
	21pB-2
	21pB-3
	21pB-4
	21pB-5
	21pB-6

	22ALL
	21pB-7
	21pB-8
	21pB-9
	21pB-10
	21pB-11
	21pB-12

	23ALL
	21pB-13
	21pB-14
	21pB-15
	21pB-16
	21pB-17
	21pB-18


