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Correlation of Gd magnetization and anomalous Hall effect in GdFe alloy thin film
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Temperature dependence of the magnetization switching behavior
of a Th12Coss amorphous perpendicular magnetic anisotropy film
A. Harako, H. Sakurai, K. Haishi, X. Liu, C. Ma¥*, K. Suzuki, K. Hoshi, N. Tsuzi**, Y. Sakurai**,
and A. Agui***
(Gunma Univ, *Shinshu Univ., **JASRI, ***QST)
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Gilbert damping constant of Fe-Al(001) single-crystal films

Tetsuroh Kawai, Shigeru Takeda, Mitsuru Ohtake, and Masaaki Futamoto
(Yokohama National University, *Magnontech, Ltd., **Chuo University)
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Perpendicular Magnetic Anisotropy in MnsxGa studied by XMCD and first-principles calculations
Jun Okabayashi?, Yohei Kota?, Kazuya Z. Suzuki*#, Akimasa Sakuma®>4, and Shigemi Mizukami3#
The Univ. of Tokyo, 2NIT Fukushima Collage, *AIMR, Tohoku Univ., “CSRN, Tohoku Univ., *Tohoku Univ.

Introduction
Magnetic ordered alloys have attracted significant attention for use as spintronics materials because they are highly
likely to exhibit perpendicular magnetic anisotropy (PMA). Tetragonal Mns«Ga alloys are widely recognized as hard
magnets which exhibit high PMA, ferromagnetic or ferrimagnetic properties depending on Mn composition, and metallic
properties [1]. Two kinds of Mn sites, which couple antiferromagnetically, consist of the Mns.xGa with the D0j2-type
ordering. On the other hand, the L1o-type ordered Mn;Ga alloy possesses the single Mn site. In order to investigate the
mechanism of PMA and large coercive fields in Mn3.xGa, site-specific magnetic properties have to be investigated explicitly.
X-ray magnetic circular dichroism (XMCD) can become a powerful tool to study them. However, the difficulty in
deconvolution of two kinds of Mn sites has prevented the site-resolved detailed investigations. Some assumptions are
required for the analysis [2]. First-principles calculations were also performed, resulting in the small orbital moment
anisotropy in the Mn compound cases because of the spin-flip contribution of MA [3]. In this study, we perform the
deconvolution of each Mn site using the systematic XMCD measurements for different Mn contents in MnzxGa. We
discuss the site-specific spin and orbital magnetic moments which are deduced from angular-dependent XMCD and
compare with the density-functional-theory (DFT) calculations.
Experimental
The samples were prepared by magnetron sputtering on MgO substrates. On the 40-nm-thick Cr and 30-nm-thick
CoGa huffer layers [4], 3-nm Mns.xGa were deposited at room temperature and capped by the 2-nm-thick MgO layer. We
prepared the samples of x=0 (Mn3Ga), 1 (Mn,Ga), and 2 (Mn;Ga) cases. X-ray diffraction peaks originated from D02, and
L1o-type orderings were clearly observed. The X-ray absorption spectroscopy (XAS) and XMCD were performed at BL-7A
in the Photon Factory (KEK). The total-electron-yield mode was adopted, and all measurements were performed at room
temperature.
Results
Mn Lo 3-edge XAS in Mnz«Ga showed clear metallic line shapes. XMCD intensities decreased with increasing the Mn
contents, resulting in antiferromagnetic coupling. With increasing Mn contents, the fine structures in XMCD line shapes
which come from two kinds of Mn sites were clearly detected. Based on the spectrum of Mn;Ga which consists of single
Mn site, the subtraction from Mn;Ga XMCD spectrum after the normalization of spectral intensities deduces the
anti-parallel coupled another Mn site. After the deconvolution processes, the spin and orbital magnetic moments for each
site were estimated using magneto-optical sum rules. Furthermore, clear hysteresis curves at Mn Ls-edge XMCD were also
detected, which was consistent with the results of magneto-optical Kerr effects. In the presentation, we discuss the
site-specific magnetic properties depending on the Mn contents and compared with the DFT calculations.

This work was in part supported by KAKENHI and the IMPACT program.
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Modulation of magnetic-domain structure of Fe-Ga alloy single crystal by applying tensile
and compression stresses parallel to a <100> direction
S. Fujieda*, S. Asano*, R. Simura*, S. Hashi**, K. Ishiyama**, T. Fukuda*** and S. Suzuki*
(*IMRAM Tohoku University, **RIEC Tohoku University, ***Fukuda Crystal Laboratory)
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The magnetic anisotropy of Fe?* in M-type ferrite: study on the La-Na M-type ferrite
T. Waki, K. Takao, Y. Tabata, H. Nakamura
(Dept. Mater. Sci. Eng., Kyoto Univ.)
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DHEETH 253, (CaLaM THRD Z L3MMEINTWE Y, BJEA 4% 13 THIELT % & Lag79oNagyFer104019 £ 720
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Site-selective Co substitution in La-Co co-substituted M-type Sr ferrite: °Co-NMR study
H. Nakamura, T. Waki, Y. Tabata, C. Meny*
(Kyoto Univ., "IPCMS)
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HIP (F&#43)E 387 atm) TEMK L7 x =092, y = 0.93 (WDX O#r#ak) OEZE Y 2RE 2 AW, °Co-NMR EEilt
Strasbourg ® IPCMS O flé[FI 8 /A HASEEE 2 W TITW, ¥, 2K Tfio 7z,

3 BRBLUER
IZ 4 U 72 Sr-La-Co Rkl ® & T 3 MO MK D ¥Co- 59

NMR 2R2 b LEEIERT, 2hEnkGhTamli x>y o OltaFe,,00,0; "Co-NMR @2 K
KD, BMEFSMKTTAR L x~y DR Y, BXUHIP &KL
REORRETHE. THOEDARY MVIFETH—DARZ bE A —
RTUELEZHDTH Y, MEIFHFHICRE XS ITBBERHIEE
MzZTH25. HhR3BEOEEVEMINDA, T 2MioEmALY Y
D Co DIEETHD D, HBHEBOE NMITCHEHKE— AV b
DEVZRENS D, TRLLENHEIGIEAY VD & 0 #ERS D
FWKREL, ZNO5DHEDNHD o, HIEFEBEEIZZEN S OHBD
NI VATHRE D, BABEORERNMES S1 B UEAKELNL 4F, Y
A hDCoHkTH D, HEEKED 2 DDESF S2, S3 IF/\HAAREAL
12k £721%2a ¥ 1 bD Cofske Ex N5, BMENEINAT S &
FEBEIERO S2 & S3 B T hAEAP R S, HIP B Tlx, F
SIREIL ST ICHEPFL, S2 & S3 osEidmMflEnsg (FBRICX
S2 bRl EnGg). FEBEMTIE, 12k/2a D Co DA A ¥ I b 387 atm ]
VIRFENZALT B ATHENE & 552 12 REER T & 20 A%) DA EORERIE, I X20.92,y =093
HIP & DORRITIE, TDIELA LD Co A 4f, ¥ 1 b ZEIRIIZSE [
BTH5I L2 RET S, Thbb, BENEDOHKIL Co DEIE AN ‘ e
%R 2 LAY A MRIME 2RO 5. 2 ORRIE, 15 hoss 0 100 200 300 400 500
T A =R EWYNCHIETNIE, ACY~A )T Y A N THliRA
M2 532 4f) Y1 M2 Co 2D ONZHRENZRTHDOTH D,
EHENS.

S Py, =0.2 atm
x=0.29,y=0.15

S2 S3

Poo =1 atm
x=0.32,y=0.28

Spin-echo intensity (a.u.)

Frequency (MHz)
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SRSy E N X B Ce@HASIMEL Y = T A kDA K

G2 o 11 Ry 3 =/ B i N Y A
CRESRE AR R T2 850

Synthesis of Ce Substituted Sr M-type Ferrite by Controlling Oxygen Pressure
G. Inoue, T. Waki, Y. Tabata, H. Nakamura
(Department of Materials Science and Engineering, Kyoto Univ.)

ELHIS
M7 = 5 4 b (AFen019, A=Ca, Sr, Ba, Pb)l%, “Zfli> DL ANENCLETH 5 Z D6, KAMAE L

TASELLTWS, BETEROBSIL, SrFen010?DSr& Fed’Lad CoT MBI 1172 b @(Srl «LaxFeio-
yCoy019) TH DV | Co¥ DRI SFMEEIERL TV E EEZSNTWS, L IEEMAE D70 MI T
W, oA LRHPST, Nd, Sm3) DU & LTHRETH 5, LadiESe2Hia kit L“Céy.{ﬁ"é »H % D3,
Pr3*, Nd*, Sm3*Z D W TIEEIRRIRE SN TE DD, A 4 VBN S (R Bz, BIRLIC (%5,
—J. WU AT TH 5Cel DTk, MIHPIZE T 2 Z0E Alif(Ced H %\ 1XCet) 7 EAIH 2 153
% BESIEBH S 12 > Tz,

Z Z2THE, HA L DMRFE E LTCelaiEH L, BEDIEZ I U 7255 C, CeEffaSIMB 7 = 5 4 |
DEERAR, KROLEWEZ B L 72,

Ee-SrM(Srl.XCexFelzow)a‘s &£ U'Ce-Co SrM(Sri-xCexFei2yCoy019) D Z it fiiatfh(x,y = 0.4) Z [EH A IC & b &
% L7z, SrCOs, CeOs, Fer03, CosOsZ FTEDBMFE L THEAL, XLy MM L 72D %5 1200~1300°CT24
IERIBERS U 72, SOBHRFIZ RE 1 (Po2=0.2 atm), ArZ5PHAH(Po2< 0.01 atm), FEEFRIAR(Por=1.0 atm) & i#E
FHREZTRBEL 72, ZNoIMAT, EBEFIHLAT (Por=387 atm)IZ &\ T HHIPREEZ FV % T & TRERS
ZiTo 7, 36 NI BERG AT —E8 2 B U AR BIT IC & D HHFEE 2170, R BIXHE ST E(WDX)IC
IO EEA T VIRELZERL 2,

EEBRER

COBERXERET 0GR, MBS TAHORRI 2GS 2 LR TE R, CeDHIARBEIENE L 7251221, Fe0s$
L UCeO3NHI & LTEBIINS X ) 1T o7, CeD B BIRIFEEZE 7 HITIKATE L (RIERSF 5 T0.05, 1%
FHEHL TN, KR E X CArfT0.25TE), 7EDME (X EE LIRS B35 2 L 7,
Flo, T EBEEWL 72CeDREDBIRZ MDA THICE LK L 2A, A XV ERZEZ D EM
AP EHE L 72 CeDAliZ I3l CTH 2 FIHEMEDNE W 2 LAV L 72,

ZDIEDS, StFenOwlil N 2 CeDEVAIKIZ, £ 4V PROAL ST, BEDEIZHNT 5 Ce3 Dffiii
EPEICHE CIRTE L. EEESE T Tl L EBPIH I NG 2 E8bh o7,

— 0, CoriEffimdD ERIZ, BETET TREL DY, BBEDTHEIZX LCe & Conidith FIRIFHHK T
B Z R, SHEDCe-ColEtiSIM 7 = 7 A4 MMgA DOFEFUZ AT TiE, BE LS ERENERIC L 2 &4
55,

\\\)1-\;

5 3CHk
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M7 =54 MZRT D a7 D RFTE AMEFE

HENE—RR L2 ARz HEEEA
RPN 27NN ST RN B WNE SV A NIRRT A S
Local strain dependence of uniaxial magnetic anisotropy in M-type ferrites

J. Inoue" %, H. Nakamura®, and H. Yanagihara'
(Inst. Appl. Phys., Univ. of Tsukuba', Dept. Appl. Phys. Tohoku Univ?, Kyoto Univ.?)

XU EMERERARCA OBIFEIE, =R F—HiA S ER A2 O S L CERTAREFEO—>2TH
%5, ERMBBA L LTRSS EHENTWEARGR 7 =54 FO—miEKEFEICE LTS, 20 E
PN BN FEMCTARL N TV B[, BHICM AT =T A D CoDEANHRMTHD Z ENEH &
nTnal2l, BEREFMEE, ERMICIERER T (1 4Y) OAECHUEMHEER., BXOEOHH O
BTFOIRMPEIC LD BT EEZOND, MBI T 2T 4 MZBWTYH, Fe A4 2D Y Dz
FNORDRFENTEATND Z ERMsNTWSI,

AHFFED HHNTBE ARSI T, MBI = T4 MO DK R B ORI, — i< %
FHEZHT 2 RATEOIE., BLOTZEREBEDREZRL b b,

HEET IV WA A L 2O OFBREREAS 4L 2 a0 7 AKX —I2, p-d BKE AL EE
HAEM (SO ZHu0 Aniz 1 BT AHRA T 5, B HREOFHFEIZIZBEF O tight-binding 1% & £ A7
%, SOI & L TUHRTN SOl #8 T 5, 7 7 AX—NOBMEA T D> 7 "B I T A% —DEW
PR D —EhRE R RO L FHET D,

BERE £ 1.2 Baferrite & Sr-ferrite (256542 3 HAE 2R, Ideal #EiE & 1%, K7 T A X —RN
NHRT =274 FDOLDOE—FH L TWHFEETH D, [deal HiEICKT2 Ku OFFHEMITERME & ik L
INEWA F b THEINAEL Y KE2V, 2T p-d BRICEDHERTH D, RFTIICEATZBEE
RORE SIS 1ok 5 Ku OFHREIZSEREIZ 2 0TV, BT EOREEEZ RTHERTH D,

20, 4V A N @mks 72X —HNOY A ) ITEANS T Cor' A A2 O—Hh B OB A
%9, Srferrite ® Fe** OAIE L dz = 0.002, [c/aluic = 1.07 TH D, L7z >T, ZONMBIZFET D
Co* T DRI HEEZ 5 2 58], —HBR GO KO- DOITIE, 4 HRORE 7B E - 138MEA A
DY T SRR ETHDLZENDND, NFRmT =74 NOBREFMEOEZBROMGEIZIL, BEEOEHR
ENVETH D, FEICE - REHEICBOTHEBEOHENERIND Z LTSI,

2%1 M§E7I§/r bm#mﬁejﬁ/lﬂz%i& Ku 0.002-{ smeeossnsaanana YYVYVYYVYYVYY
DEFFEAE & EBRE, 4% 2 T A2 —OJRN e LTS vy vy

ST =74 POLOE—E L TWHEGE 0001_555 “EEEEEEE Co2+ on 4f1 site
Z ideal G L LTV D, HUZIE M erg/om’ e tetvvvy inSrferrite
X 00004 % ua L1000 W KI<0, K2<0
Ideal str. Ba Sr = nie LILIL A K150, K2<0
e mraarammmcceesaisiis K1+k2<0
K. (cal) 0.95 245 | 2.60 =0.001 2 L1l @ K10, K20
. oA A K1+K2>0
Ku (exp) --- 3.25 3.57 . S Te ke St W k1s0, K20
090 095 100 105 1.10
[C/a]ratio
WEE  AWFICITE T ILA R LTI
7a T AOETIThbhT, 1 4f1 A b LD Co¥A Ao ORI RIS
PEDFHRAE, 82 1527 T A K —WN Co¥' A &> D 7 HhJ51A]
EZ BN D7 b (0.001 B 1% 1CXHE) | [c/alio 1 c/a DI
[1] A2, Mag. Jpn. 13, 59 (2018). HETHBILENETH D,

(2] /EEEFE, Mag. Jpn. 13, 68 (2018).
[3] J. Smit and H. P. J. Wijn, Philips Research Report “Ferrites” (1959).
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Co 7 = T A FIERLORE &b AL m) il 18 2 OV ORI

FEHE Y, JFAE L. Sagar Shirsath?, Danyang Wang?, ZRiEREYE L, 21/
MEINKRF:, 2=2—H T AT = — )L ARY)
Magnetic properties of Co-ferrite/Fe-Co bilayers
C. Mal, Y. Haral, S. Shirsath?, D. Wang?, A. Morisako! and X. Liu?
(*Shinshu University, *University of New South Wales)

IZC&IC
AEFNEEEFTDHCo7=T74 MIAE Y hu=J A PN L~ LF 7z A v OEE LTHEAR
FEDODTND, MWEREFEX2) —BEEZHETL720D, Co 7 =T MEBRITHE T =74 b & IERMEE

WA BEDED & A RBEREZERTHENTE, WHYELAE L 7 4L AICBWWTHHATH %,
Fo.Co7 =T NTHEYATFT 7 zuA v 7 iEEEAT 2RO TRE RBEENREZ T, EiZ, Co
7 =T A MEBREO RO A BT S 72 DI2id, (001)EL ) R OV ERLSE G A AT D IS A KT
bbb, TNET, CO7=TA POANTRIZEX XV v LREIZIV T SITIOz<° MgO 72 £ 0 Hfk gL FEik & A
WS, FER B  B T 4 1T SiOLSi FEAR EIZ(00)EL Z AT 5 Co 7 = T A kD ERL A 32 72,
RERAE

BRIt 2 — 7y hEoxy &2 U o FEEE (FTS) 2 W T, 2 ks U =2 2 (SiOo/Si) Eatk 11T
Co-Fe-O/Co-Fe iz ERL U 7=, (R L., EHERRRZIEBOMEZ i X 72\,

PERL U 723808HT VSM Z W CTRESUERFE 2 JIE L, X BREIPTEEE (XRD)Z & 556G dbii il Ofir 217 - 7=,
RERHER

Fig. 1 (ZJRJE725 60 nm ZH 4% Co 7 = 7 A FEEOBALII#EZ <9, (a)lZ FeCo THIfEZ A L 72\ ikkk,
JONb)i% 3nm @ FeCo FHifE % A3 5kl &35, FeCo FHIE 72 L OFECTITH 110 emu/ce D fafimel %
BITDHN, NV DCo72TA FEWETAEITTUATHD, ZUTiGmEP IR SR 2 AT 5 2
L&Y, L., FeCo FHIE 3nm 249 25 sk CIXAafB b 23 2SS BN L 7=, XORRIET O I E 5 F
51X FeCo THE Z AW THEMBIMNEL L 72 < THREML LA R UEEZ AT HZ L 2H LM LT, ZOFER
ML, FeCo THIE N A B A NEEORERILIEEZ BT IR 2R/R L TCWVW5, £2. 2 TOR
£t 800 °C T 2 REMBVLBE A i 9~ 2 & 12 L 0 EREEI DS BIRIZHENN L 7=, Fig. 1(c)iZ FeCo THifE Z A L2 ik
B, K ONd)IZ FeCo THUE 3 nm % W 723kl O 2 N E O BVLER% OFE R 27~ 3, i OREE LN -
BB SEEZ R, FeCo FHIEZME

WEREHI L D SV EARE A ERL, @ .| / L * & B

FHEN - RERRR S AR LT, Fig. £ o / 3 /

2(a)\ FeCo FHUE 47 72\ akkt, RO¥ =7 - 7 " g

(0)IZ FeCo T HiJE % H 75k D 2L ER P W w

D XEPTREREZ T, FeCo PHIEZ @) "f(d) =13 & (b

£ L2V EAEEL)E AR S OE R £ w /% g

TihH A, FeCo FHEEATHMBITIE 2 2 o %’ /2

(004) I e bV BT T B 2 L& T i A |

L7z, E£72. N XBREHTHEIC L - T e, e 200l

a=b=8.43 A\ c=8.35 A FESLRETF DR T A Fig. 1. Hysteresis loops of 60 nm thick Fig. 2. XRD results of

— 2 BB U7, ZhiE, S HEA A B R/ Co-ferrite (a) as-deposited Co-Fe-O films (a) annealed films

SO clihZ ) EfE L2 L 2pRed 5, 2 without FeCo underlayer, (b) with 3 nm thick without FeCo

D XD RFEREREEEEILICo 7 =T 4 T FeCo underlayer, (c) annealed Co-Fe-O film underlayer and

REWFEZ2 L T-0TEHRTH A, without FeCo underlayer and (d) annealed (b) annealed films with
Co-Fe-O films with FeCo underlayer. FeCo underlayer.
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R R SUE IR K D E R T Nd-Fe-B Ak A DB &
W8S R D S B B A

MrHZE—. 2 8, 85 @ik mREN, =EEE0s
(KIRKRF)
Preparation of Highly Coercive Nd-Fe-B Magnets by Grainboundary Modification Method and
Precise Characterization of the Magnetic Properties
Ken-ichi Machida, Na Li, Hanlin Zheng, Hiroaki Nishio, Masaji Endo
(Osaka Univ.)

1. ®E

IR, EV X° HEV 2 EOEKITHE, itk — 2 O mRE A DT ER S E->Tnd, ZIT,
UL PRI IR A DR LB 22 ie s & OBFE NG | 1) IRE L RIF TR T L7eREES OREBTHIET 5. 2)
PNV ARG T TEEE~ 7 %y MR HEEY T CRIET 5 EOFIEIZ LY BAHRENREE ST 5D,
ZHIUTKS LSRR T, FAE (~10 mmé) B OFEAMR A AT BE /R R A 2 VSM A L, BRIRECE
BHAMEL UCKBNMIE AR T A =2 2R ET D2 & T, —HOHAED Nd-Fe-B R BEAE A DREKUFE A m kG
ETHETESZLaW o Lz[1,2], Al dilROWfA 2R A SCEIES XY (RiE ) % & 72 Nd-Fe-B
BERSHEA 2P L. 2 O ORGSR Z RSS2 EOBEE % b &Rl L7 D THE T 2,
2. EB

SO W T 1B B b T3 L 0> N52, N36Z 33 L UV N32EZ O i it ¢ FIAESR (10 mmé X 3.5 mmL)
DY A NI LA CHilE . BERBNCIE WS ELIR &2 1T > 72, SEM Th 5 Nd-Al R E721% Th-Al
F L Nd & Tb & FRFIZETe Th-Nd-Al AL, FrEROKHIARSE (W : 99~99.99%) % 7 — 7 g7
LZETERL, IO Z2BMiE A7 ) —ORECHIERMAREICEAMA Lz, 51 &HE, b a2k Ar
SRR, 950°C T 4 BEREIINEVL, FIZ 550°C~600°C C 2 Rffl] 7 =— VALBE L7z, 156 7= AR A Tl
S 7 LA - CIEEICAJER 2 WS L, B VSM 2 2 I TR THIE L7z,
3. MREEE N32

Nd-Al SR £ 7213 Tb-Al 2 & Nd & Tb & [RIEFIZE T Th-Nd-Al
RECMREZSEM & LT L 723 Bt omgr— 7R (E
() & ThoAl A4 CULEBR L 7 ff ORIV — 7 B Ry
fistz Ot Lo (FTH) 20T 1 ITRT, ok, E
WWAREIOWET 2 [MoMHRRECA 2 LT mIc 2 fEn, J
L=7mm & LCHEEFT-72 6D THD, L-NL, Th-AlR ] — -
BEOBEIZ L VRPN RENTH KT D HE, RERA T 5 5 % s 5 a5 e
(AR THRIMENZARICELT D 2 LD D, RO RIX
N52 B L UNN36Z e THh R biviz, N32 TbeAl *

1 OTFHIZ, ThAl ek E AV CRIARSRE Lz }q{’ "”W

ThaAlz
ThoAl

Tbg sNda sAly

Magnetization (T)

Nd3Al;

RV — 7 M & R M A 7 L 72 & 0 C L By Mo 14

W8 % SRR oA L EFR L, SR CIItE R TH D Th D4y

L Ba OAEME L OB YW TEMmT 5,

2D N

1) H. Nishio, K. Machida, K. Ozaki, IEEE Trans. Magn., 53 (2017) A B \ 00
6000306. N ® N Magnetic field (MA/M)

2) MTH, EEN, &, PR, EE. 4541 0] AR RS P41 To-Al #4235 CUrBL L 72 FTRER
S AN (2017) 21aC-4 Nd-Fe-B %iﬁ%@ﬁﬂ)@’f\%@
PRI -5,

3) HIH, Z=, 4J&. 78(2008) 760 72 L.

Magnetization (T)
o

A Jos
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Temperature dependence of microstructure of Tb-rich shell in
grain boundary diffusion processed Nd-Fe-B sintered magnets

Tae-Hoon Kim®, T. T. Sasaki®, T. Ohkubo®, Y. Fujikawa®, M. Miwa®, Y. Enokido®, and K. Hono®
@ Elements Strategy Initiative Center for Magnetic Materials, National Institute for Materials Science,
Tsukuba-city, Ibaraki 305-0047, Japan
®TDK Corporation, Narita-city, Chiba 286-8588, Japan

In Nd-Fe-B sintered magnets, the formation of heavy rare earth (HRE, Dy or Th) enriched shell by the grain boundary
diffusion process (GBDP) is essential to improve the coercivity while minimizing the HRE usage [1]. Due to higher
anisotropy field of ThoFe14B than Dy,Fe1.B, the Tb-GBDP is more effective to enhance the coercivity of the magnets.
During the GBDP of Th at 970 °C, the Th-rich shell is formed by the diffusion induced grain boundary migration (DIGBM)
[1]. The Th concentration at the Nd-rich grain boundary (GB) region abruptly increases upon the GBD of Tb, and it
provides a chemical driving force for the GB migration. Thereby, after the Th-rich shell formation, the size of the main
phase grain increases by the thickness of the shell [1]. This implies that the thickness of Th-rich shell and the size of main
phase grain can be controlled simultaneously by controlling the driving force for DIGBM. According to the simulation,
the formation of thinner Th-rich shell and smaller main phase grain are strongly required to further improve the coercivity
of Th-GBDP magnets [2], and we can expect that those microstructure is obtained by reducing the Th-GBDP temperature.
In this study, we investigated the change in the microstructure of Th-rich shell as a function of the Th-GBDP temperature.

The as-sintered Nd-Fe-B magnets were GBD processed using ThH, powder at 870, 920, and 970 °C. The GBDP
magnets were annealed at 520°C. Magnetic and microstructure characterizations were carried out using a BH-tracer, EDS,
SEM, and TEM.

Fig. 1 shows the magnetic property changes as a function of the Th-GBDP temperature. The coercivity of GBDP
magnet increased from 1.9 to 2.1 T as the GBDP temperature decreased from 970 to 870 °C. The remanence was not
affected by the change of GBDP temperature. Fig. 2(a) shows the microstructure of 870 °C and 970 °C GBDP magnets at
a depth of 100 pm. In the higher temperature GBDP magnet, the thickness of Tb-rich shell was thicker and the size of
main phase grain was larger, compared to those in the lower temperature GBDP magnet. Notably, the average Tb
concentration of the shell was higher in the lower temperature GBDP magnet, as shown in Fig. 2(a). Upon the GBD of
Tb, the increment of Tb concentration at the Nd-rich GB region (i.e. driving force for DIGBM) was larger when the GBDP
temperature was higher, thereby forming thicker Th-rich shell and larger grain in the higher temperature GBDP magnet.
Since the GB migrated while consuming the Th during the Th-rich shell formation, the average Tb concentration within
the shell was higher when the thinner Th-rich shell was formed at lower GBDP temperature, as shown in Fig. 2(a).
Interestingly, the formation of Th-rich shell was also observed at the center part of both the 870 °C and 970 °C GBDP
magnets as shown in Fig. 2(b). Unlike near the magnet surface, the Th-rich shell at the magnets center seems to be formed
by the solid diffusion of Tb rather than the DIGBM. Nevertheless, as observed at 100 depth, thinner shell with higher Th
concentration was also formed at the center part of the lower temperature GBDP magnet, as shown in Fig. 2(b).
Conclusively, the smaller grain size and the formation of thinner Th-rich shell with higher Th concentration are the main
factor for higher coercivity of lower temperature GBDP magnet. The relationship between the GBDP temperature and
microstructure of Th-rich shell at various magnet depths will be discussed in detail.

References
[1] T. H. Kim et al., to be submitted (2018).
[2] T. Oikawa et al., AIP Advances, 6 (2016) 56006-1.
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Figure 1. Magnetic property change of Th-GBDP Figure 2. (a) BSE images and tracings of GB at 100 um depth of Th-GBDP magnets.
magnet as a function of GBDP temperature (b) 3DAP atom maps for Tb at center part of Th-GBDP magnets.
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F72 Db RIBC A E 249 %5 Nd-Fe-B EM@
First-order reversal curve (FORC)

A w2, 2 OOE, Uil Oy (B SERUERT IF9ERSS 7 v —7)
First-order reversal curve diagrams in sintered Nd-Fe-B magnets with different crystal grain alignment
H. Yamamoto, K. Motai, and I. Kitagawa (Hitachi, Ltd. Research & Development Group)

%ﬂBE
Nd-Fe-B e D & & 72 248171 (Ha) D EDO7=90I121%, He & BAAPNORRREER  Chi fUg Y ORLAH O

etk 2 72 L) LORBRMEEHSNCTHZ ERRAIRTH D, THE TORITHZEN S, Nd-Fe-B Hifbfkia

F%*ﬁ@ﬁamﬁwimﬁﬁé EHy DETT2ZERHMEINTND Y, 2D Hy O RO BRfR %

HEDDHITIE, Ha &0V 9 —DORKURFIEETS T T <, B B A2 28 2 7o BRICHAERERIZ & D K5 e B b3 R
U5, LOEMRIEREZGD ZENEEL 2D, WA OBALIKEEEEE) & 3 i#T 9 5 Fik & LT FORC

(First-Order Reversal Curve) 2HIS5NTEY, A V¥ —t A7 U AHBTITR I WA N ORI IERR
EIRARDFHEE LTHEREN TV D 49, ABFZE ClIiEabbom B & LB ORISEREH LT 5 2 &
ZHEE LT, BEMENEZ D Nd-Fe-B BERE LA FUEID FORC T 24T - 72,

EER A &

JER R DI IRIE 2 25 2 2 2 LT K 0, Bl ad B/ 2 #8H50D Nd-Fe-B BEREM A A FR L7, &
ZTald 3 FMOERBWAREE (B) OREMN D o= B 2 ABr 2+ Bry? +B, AYV2 TE# L7z, 1FR L 7-30B 0%
Ml % Table 1 127”9, ~ 7 R R i D2 M4 2720, HBEHL 1X1X6mm OB 7 —RIZIIT L
72o THHOREHZDWT, B5E VSM (i KEVINES 60 kOe)

: ) Table 1. Sample Properti
WL V=R TOFORC 7 —# Z#E LT, able 1. Sample Properties

3-direction Br Hes
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%ﬁﬁ% Alignment: o (T)  (kOe)
Fig. 112, &#lBtd FORC # A 7 277 & (HHE7Z2 LD HaHp & g 8:32 i;g; Eg;

AT 7T N) OB RT e bR E ok B 2N E VKA T, C 0572 0730 1358

JRFTH 72 /11 D538 (oHo) DML OFEHI LR TR/ TH 5, 5 ’
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%2 L AFRT S, kL, EEMORE C TREAT ST

ADE— R, ERERE (5 L) pLEBEER () =T S0
IEHEBAICIE N D, oHeds ORS00 (oHin) 2K
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Fig. 1. FORC diagrams of three
magnets with different a.
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Highly sensitive magnetic measurement for a very small area of hot-deformed Nd-Fe-B magnet
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(Tohoku Univ., 2ESICMM, NIMS, *Daido Electronics Co. Ltd., “Daido Steel Co. Ltd.)
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Fig. 2 AHE signals before and after
FIB fabrication.
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Inelastic neutron scattering study for RE>Fe 4B and REFe Ti
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Structural and magnetic properties of (Sm,Y)(Fe,C0)12xTix
Masaya Hagiwara, Naoyuki Sanada, Shinya Sakurada
Corporate Research & Development Center, Research & Development Division, Toshiba Corporation
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Fig.2 Magnetization curves of (SmosYo.2)(FeosCo0o.2)12xTix (x=0.6, 1).
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Temperature dependence of the ferromagnetic resonance of Nd-Fe-B magnets
Masamichi Nishino® and Seiji Miyashita®
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Effects of grain boundary phases on magnetization reversal process

H. Tsukahara, K. Iwano, C. Mitsumata®, T. Ishikawa, and K. Ono
(KEK, 'NIMS)
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Magnetic properties of L1,-MnsoGasoAl, epitaxially grown thin films

Keisuke Kamiya'?, Yoshitomo Tanaka®, Sigian Zhao', Gary Mankey' and Takao Suzuki'

!Center for Materials for Information Technology (MINT), The University of Alabama, Tuscaloosa, AL, United States
’Materials Development Center & IP HQ, TDK Corporation, Ichikawa, Chiba, Japan

The L1y-MnGa and —MnAl alloy thin films have received much
attention because of their high magnetic anisotropy of the order of
107erg/cm’ at room temperature, for potential applications such as rare-

earth free permanent magnets. D.2.3

The present work aims to study
the magnetic anisotropy mechanism of L1y-Mnsyo(GaAl)sy films in

conjunction with structure.”

Thin films of MnsoGasocAl, were grown onto MgO (001) substrates by
DC magnetron sputtering using MnsoGasoAlx (x = 0 ~ 20) alloy targets.
During deposition, the substrates were heated at around 600 °C. The film
thicknesses for all the samples were about 60 nm. The crystal structures
of the films were characterized by XRD (Cu Ko) and TEM.
Measurements of magnetic properties were carried out by VSM and
torque magnetometer in fields up to 90 kOe over temperatures ranging
from 20 to 300K.

Figure 1 shows the XRD patterns of the films. All the samples possess
the c-axis orientation along the film normal and exhibit a (001) super
lattice peak of the ordered L1, structure. The order parameter S were
estimated based on the intensity ratio of I(g91y/I(002) to be about 0.9%,0.8,
0.6, 0.4 for x = 0, 5, 10 and 20. Figure 2 shows the temperature
dependence of saturation magnetization M; and uniaxial magnetic
anisotropy K, over a temperature range of 20 to 300 K. It is seen that
the K, decreases rapidly with T than the M; does. The exponent n in the
correlation of K, M; " is found to decrease with x from around 2.5 for
x= 0 to about 2 for x= 20, as shown in the inserted figure in Figure 3.
These results suggest the significant deviation from the single ion-model
for the magnetic anisotropy mechanism.”

The present work was supported in part by NSF-CMMI (#1229049)
and TDK Corporation.
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Stabilization of tetragonal FeCo structure and uniaxial magnetocrystalline anisotropy by VN addition
T. Hasegawa, T. Niibori, Y. Nakamura, Y. Takemasa, M. Oikawa, C. Shirai, Y. Seki, S. Nakagawa
(Akita Univ.)
good
ggodobobobboodooobobobbotoooooob bbb ok b0 g
gD U UUUUUOO Rh
OFeCoOOODOORNODDOODOOO FeCoUDODODUDOUDUODDODOUDOOObee FeCoOD OO
000 ¢e=1200000000000108)/m’000000 K,O00D0O0O0OODOO0O0OO0O0O0O0O0000
goo00o0oo00oo00oobooDbobD0oobouboMmD s mO00O00000D000ODO00O0 beecFeCoO OO
ggodbooboooooboobboooobobboooooboboboooobboboovNbObooooo
oooo
0000000000000 U0U0UooOoOoOoOOoOoOooOoO~107PAO 00O OOOOOOOOO
000000MgO (100) substrate/ Rh (¢ = 20 nm)/ (Feo.5C00.5)90-x2V 102Ny (0 < x < 9.6 at.%, ¢ =20 nm)/ SiO, (=5
nm)JRh O FeCoVN O O D OODOOODOO3000 02000 00 0000VOOO0OODOODOO K\OOODODOO
U0 10 at% D00 000ORIEONDOODDODOODDODOOOOO0D ArO0 NOODODODOOODOOODOODOO N,
OO00OONY(Ar + Np)O O 0050%0 00000 0FeCoV O

000000 EPMAONOOOODOO XPSOOO0OD00 15 1 T
000 «00 ¢ 0000000 In-plane XRDO out-of-plane L4 prT L oo
XRDOOOOOKOO0O000 VSMOOODODO s :Z {

00oo ol

Figure 1(a) O FeCoVN U O (r=20nm 0 0)000 c¢/al N 10 13 3 - bee
000x00000000x0000000000 bee 00 0123456780910
bet0D0 fec 0000000000000 DMOD 1.05<  (Q) N content, x (at.%)
¢la<1300 bt 000000000 1.0<x<5.5at%0 0 0

0000000 fee0000x 255 a% 00000000

Figure I(0)0 0K, 0 x00000000000000000 6
017<x<22a%000000000000000000 ?::g: i}
0000000000000000 KO 10°V/m*0000  E 10 | ; ’
0000000000K000000x=20at%0000 g o 5 *

124x10° PP M= LOWbm? 000000000000 g 04 @5

0000000000 bee—bet—fee D 0 0 0 00 100 nm 00 | ”‘ .
0000000000000000 si0,00000000 0 T, s 45678 610
00000 100nm 00000 0¢/a~1.140 bet 00000 (b) N content, x (at.%

00000000000OFeCo0O0 VNOOODODODODODOO
00000000000000000000000
[110000,0000 etal. OO0, 12, 21 (2017). [2] K. Figure 1. Dependences of (a) ¢/a ratio and (b)
Takahashi et al., J. Phys. D: Appl. Phys. 51, 065005 (2018). K, of the MgO (100) substrate/ Rh (7 = 20 nm)/
0000000000 A (JPISHOS5I8)ONEDO 00000  (FeosCoos)oo-x2ViewaNy (0 < x < 9.6 at.%, 1 =
00 20500 ASRCODDO0O0ODDOO0O0OODOOOODOO 20 nm) SiO; (=5 nm) continuous films on
(18K0062)0 0000000 the N content x.
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BSLER L 7= FeCoAIC DS 1-7E & —Hlhg \ﬁ'r

WEAAE (Bek) |, R (Bed) , RIS
(K FHRHLT)
Lattice distortion and uniaxial magnetocrystalline anisotropy of annealed FeCoAIC films
Y. Takemasa, K. Kumagai, T. Hasegawa
(Akita Univ.)

[ZLHIC

FeCo &41L. BB &R AT THRAOAFAL (M) & K E WY 2 U —iREZ2H T 5B CTH 203,
N TH LT, KR T (Ky) &bz E e LTmbind, 20X 572, FeCo #
FICIEFEE (c/a=1.25) ZEATHI L TEHW Ky & MdWFEHT 2 Z L5, HEiaEHRE[1] & EBR[2]0 i m A
LW ST, FEERFE TIX. FeCo @ B2 HANKIZ L 5D Ky DEIMA FRIS LTV A1), Lo LEANE
DI=DITITBLEE N MIBTH O R EBRA M TE & B2 HANLO M N ITHE ST, 20 X9 e,
A EDOBANDBUENHIX, CIRMDRRNFEBRANTH RO TWDH[2], £ 7= FeCoAl RAEX TIE, B2 KiHl
FRNFET 5, AR T, B2HANL L TEOWN A B E LT, Al & CORKRINEZTT 572,
RERAE

REHERICIZBEEEL T~/ R bu v Ay 2 ) v 7 HE (BEEZEE~107) 2 MV, ERICE
MgO(100) Hif it Habk & STO(100)Hifk fhHaAk 2 FiV T, FeCo, FeCoAI,FeCoAI C (JBUE 2~20nm) %, JEMRiEE
200 CTHE L 7=, =D EiT, SiO ¥ v v 7 (BEE 5nm) Z = T L7z, SUBIOBVLELIC X, ;ﬁfﬂ%
BHMEYE (RTA) Z Vv, FEE#EE 100 Cls, BVLERERE 600 C, FREFREM 1 h & U7z, #EdabiEmiric
MREIPTEEE (XRD) |, BEKUFPERFM IS X IR RV 15 (VSM) & v =,

ERRHER 10 2 I

FigL 1= FeCo 45 & U FeCoAl it B2 HUllE (5) ot 09 | LW
IEEREE (T) (KTEMEE AT, £ TO T T, ALERND  o°° / \
BBLL T, ALIRIORBIO 78, S sV RS s  § P

%, HFIZ T =600 ‘C0> FeCoAl I-C AN 3510 $=0.97  §,. l, N S
Lo TWWA, Fig2 1d. MgO 35 L8 STO RIZEIE L7 S L e 5“’5; econimm
FeCOAI. FeCOAIC 50> Ky, Ot cla k17t Td %, Ky Boa | AsPre N8 MsoreCho~zonm)

\ [ ] s
STOIFeCoAl(2;420 nm)

HEMAH R B B L7z, BETEVLEET (As pre) 20 {§] Qrecon
REFPLEE RTA) 2RLTHY, fUlsickoT O [l
Ku DN TCWAZ ERNghb, 2k Fig.l TRT k& T o 200 400 600 800 1000

Annealing temperature, T (°C)
Fig.1 Annealing temperature T dependence of

HNT, BB L > TS BEMLET-dEEZ LN,
WD CTEVLERE Ok GRE) ICERT 5 &L C ERMN order parameter S,
OFRELE VB CHIN (C added) DOFEOHEL cla 23MED> 15 |

WCEL e TWD, ZDOZ LD, CITEVLELE &K1 i
NI E-TWBHEEZBND, LD, AlE CoRl 10 ;?!Cadded

RN, BANL S B REORFELTICES L § | iy

WAy Ino Tz, 2 ] j\T

[1] Y. Kota and A. Sakuma, Appl. Phys. Express, 5, 113002 00 | oo

(2012). [2] AifEfE ", BA)IE etal, %<, 12, 21-25 : : s Ty
(2017). #HEE . Z OWFIRIIRIE A F A (JP15H05518), 0.5 : :;L?: ssu‘u:;..?so :jm
NEDO K7+ L2 ¥ 2050, ASRC, HALKZ:4 @i [ A MgO sub. 600 °G RTA
FFZERT & 00 4L FRF2E(18K0062) 0 4B % % 11 7=, 0o o o

Axial ratio, c/a
Fig.2 Axial ratio c/a dependence of K.
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TEILT 7 A KR FITRE L 72 FeCoX (X=VC, VN)D IE J7 fl i &
D% TEME

Fems (Bek) . SeARE AN (Bed) . ardidhsk (Bed) . BAIS:
(K RHLT)
Stability of tetragonal FeCoX (X =VC, VN) deposited on amorphous substrates
M. Oikawa, M. Sakamoto, T. Niibori, T. Hasegawa
(Akita Univ.)

X C®IC

FeCo &42ld. #kt7s cla = 1.25 f1 D bet #i&E 4 AT HERIC. NdFeB /KARG A % 1[5 5 fafnigd b & — il
R[BFMEZHBLT 5 Z L, BEEmEIE[L] & ERRIOEmE 2 HME SV TWD, RBFEE TILZ U E TIZ, bet
i % EBRIICEBLT 572012, RNy 77 —Jg L FeCo s OO =X F o v VR EIZHEI KT I A
v v TFEFATDREEZANTEEZN, BHENE nm DL B2 ERFRERIMDECIMENRH - T2[2], 2
TARMIE T, JEFHEECH bet #EE2ZENT D 2B E LT, FeCo dEIZR LTHE 3, 4t & LT
V, C, N DFRIRFIRINZ T o572, T2 T bat E DL EMZFNLT 572012, =X F T v LENE TN
TENT 7 A SiO, b A N,
EBRGE

REL ORI, BEEZEZ TR~ 73 ha ARy 2 ) v 7R E Wi, 7TENLT 7 A SiO HR
IZ. FesoCoso. (Fe04Coog)o0Vio. (Fe04C006)e0VsCs, (FeosCoos)saVeN2 %, FEARIRE 25~200°C, MK/ 40~100 nm
TR L 72, A& AT 12 13 Out-of-plane XRD % F\ M7=,

R R

Figl 1. SiOp MR LIz BRI L 7= % 2B o bee-FeCo(110) BG
Out-of-plane XRD /X % — > T &H 5, FesCos l E i L
(Feo4Coo6)s0Vio. (FeosC006)aoVsCs D 3 £t ik, bee '

<A o g~ N WW FeCoVN

FeCo(110) ClRIE S5 45° fhLlic DAy 7V B — o :
7 BB SIS, (FeosCoos)eoVsCs Tl bee FeCo(110) \l
E— 2 M EMEPITEARMIC S 7 LTS T70, a -~ i FeCoVC
e ¢ MOFH B AL EE D HENTHOTN S ] .
ZERHD, B ofa = 1.00 LIS, R gl
EIISL e D bee T D, — 77 T(FeosCoos)soVoN2 T § \vl 1
L. 10> 330EE 125721 L boe FeCo(110) B — 2 %5k iuwﬂh;gﬁ,‘m-i*‘kmv
DIV E— BRSNS, KTEKITa = S| 2
0272 nm, ¢=0.310 nm L& E N7z, Zh kvl M e FeCo
o= 114 70D | AEEHEERL bet L EZ BB, i
PLEXD, V&N ZRBFRIMNE U7 FeCo I TIL, |
THUE & ORI AT ¢ b ORBID 72 VW EERD AR

T h ERSHEREEIAHET 5 2 L ot 40 50 60
26 (d
EZDCN (deg)

Fig.1 XRD patterns of FesoCoso, (Feo.sC00.6)90V10,
(Feo,4COo_6)goV505, (Feo,5000_5)39V9N2 films deposited
on SiO; substrates.

[1] T. Burket et al., Phys. Rev. Lett., 93, 027203 (2003).

2] 7B, EX)EZ et al, <4, 12, 21-25
(2017). Z OWFZEIZEIE A F A (JP15H05518),
NEDO ARETF v L 227 2050, ASRC., HALKZ“& B EHIFZERT & DL FAFE(18K0062) D S8k & 5% 1T 72,
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o
D> ZVEIT L0 VERL U 72 Fe-Pt JE MR A OREURFIELS
-2 D FERIER D 778

RAfsH, AL, Haad, BRAES, PIOERE, PURIEL, fROKIEE (RIS
Effect of Cu-diffusion on hard magnetic properties of Fe-Pt thick-film magnets
prepared by electroplating methods
Y. Omagari, J. Honda, S. Furutani, T. Morimura, T. Yanai, M. Nakano, H. Fukunaga (Nagasaki University)

[ZLHIC

Fe-Pt WA XN - BERFHEICIN 2, BV AEREGEE AT 272D EE - R T 31 2 ~DI5H
DHEIFF SN D, AFRETIIINE TICHEWVAABEEE S L OMEREEZFR LT HEMRD > X EEF AW
Fe-Pt REBEEMA B L TR EZIT-> CE 7o, ZOHT, Ta FEM LITHNE L 72/ E47) 800 kA/m FREE D 20 um
JERRPE DIEER A 2 FEBL L2 [1], BT, R ZE Ta ki Cu ti~EH 45 Z & TR Egttsk
ETEHILERLIER2], Cu ERA~OEFIREFIEEOSEIIZIAEN TH 72 DD, Ta FARKIE L g
T2 LRV ) A R TG SV TU o, AR T, PRBORIREER & U CEVLERRED Cu OYEER D52
EREL, FEERELITS-OTEORBELRET S,

EKEBRAE
Fe-Pt RO RLMEIZIE, Y= Fr Y7 2 U H4(10 g/L), Wil
B, 7 FHERT =17 A5 g/L), 7 = HR(30 g/L) % 1200

VY, FREREREIC X - TR & FesoPtso [ZFHHE U172, BHIRIC 1000 L .
I Pt A v v, BEMIRERICIE Cu btz VT, WiRE & s L
70°C, TEHEE | Alem? 0 IHCEBHD > Z 277, 3 0T g, e
W% O Fe-Pt A BEIICHT(L S5 7235 700°C, 60min B 600 aw® e
L2 P EMIER % ffi L7, B 400 | .
EHERER 200 |

Fig. 1 \Z0R187) DIREARAFE 2 7R, Figl &0, RO 0 e
INZEENRBE BRI 2 Z LR TIRSND, RERTIE 0 5 10 15 20 25 30 35
BULERRE - BVLERRSR &2 & LT= 7o, MUEAEL 72 BRI (hum)
B & Fe-Pt FROIREAIC 530 % Cu ASEHEL L 72845 0 HEREEI & Fig.1 1 71 D IR R 1%

DFR NI+ 5, 2O, BENEWELE L &
NuERLIZEZEZBND, AL TV FEM G4
119728, BENORFTH 7e R 38T 21T - 72, Fig2 IZBML
BT D Fe-Pt fiD TEM 8% 7k, Fig2 £V, BULERZ DR
X nm OBHE R SRR DMk E o Z L 2R TE T,
P SO DN 21T o728 2 5, Fe i’ 43 at.%, Pt 7
38 at.%, Cu 2’ 19 at%fEfETH Y, HiEHIZ < D Cu A Fe-Pt
JENAPEE L TV D 2 & D3RS S A7z, Cu O PRI RE
Btk B S D720, T OIMFI AN - R 0 32
BUCHETHD Z LB bhoT,

L Z BN Fig.2 Fe-Pt f[RD TEM {&

[1] T. Yanai, K. Furutani et al., J. Appl. Phys., 117 (2015) #17A744.
[2] T. Yanai, J. Honda ef al., AIP Advances, 8 (2018) #056437.
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