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FMR measurements on Co2FeAlSii-x Heusler alloy thin films
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¢ Graduate School of Engineering, Tohoku University
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Introduction

Due to their half-metallicity and high Curie temperature, Co-based Heusler alloys are promising materials for
spintronic devices such as magnetic random-access memory (MRAM) and magnetic sensors. In such devices, low
magnetic anisotropy of Co-based Heusler alloys is an advantage to improve their performances. These days, we have
reported that magneto-crystalline anisotropy Ki of Co2FeAl:Sii.x thin films changed from positive to negative as x
increased and crossed K1 = 0 line at around x = 0.33." In this study, we performed in-plane and out-of-plane ferromagnetic
resonance (FMR) on Coz2FeAl:Siix thin films to investigate magnetic properties in more detail.

Experimental Procedure

50-nm thick Co2FeAl:Sii.. films were deposited on (001)-oriented MgO single crystalline substrate by co-sputtering
method with CozFeAl and CozFeSi targets, and then annealed at 500°C to improve their crystallinity. We have firstly
investigated their crystalline properties by X-ray diffraction. It was found that above 80% of B2 ordering was observed
in all the samples but L2 structure was detected only in the samples with x below 0.4, indicating that all the samples are
expected to show half-metallicity. Subsequently, in-plane and out-of-plane FMR was performed.
Results

Fig. 1 (a) shows the in-plane angular dependence of the resonance field for the Co2FeAl:Sii.x thin films. It is evident
that the magnetic easy axis has changed from [100] to [110] with increase of x. By fitting with the function suggested by
H. Suhl ?, the K1 has changed from small positive to negative value and crossed zero value at around x = 0.33. This
behavior of K agrees with that evaluated from magnetization curves measured by vibrating sample magnetometer. The
smallest K measured in this study was < 1,000 erg/cc, which is the smallest value reported for Co-based Heusler alloy
thin films.» Figure 1 (b) shows the out-of-plane angular dependence of the linewidth of the FMR spectrum for the sample
with x = 0.33. To evaluate intrinsic magnetic damping constant a, we fitted the linewidth by the sum of the intrinsic and
extrinsic terms. The minimum value of magnetic damping constant @ was less than 0.003 at x = 0.33, which indicates
good half-metallicity because the damping constant « is proportional to the density of states at the Fermi level. Such a
unique material with both good half-metallicity and small magneto-crystalline anisotropy is a good candidate for
enhancing the performance of spintronics devices like magnetic sensors. This work was supported by SIP-project, SCOPE

project, X-nics project, and CSIS, CIES and GP-spin program in Tohoku University.
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Figure 1 (a) In-plane angular dependence of resonance field for all the samples,

and (b) out-of-plane angular dependence of linewidth for the sample with x = 0.33.
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Fig. 1 (a)SEM image of ball-milled flaky particle,
(b) its consolidated pellet, and (c, d) inverse pole
figures of cross section of the consolidated flaky
powder achieved by ball-milling treatment with
and without lubricant, respectively (figures on left
apex of triangle are pole densities at 001).
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Magnetic Relaxation in Fe-Al-N(001) Single-Crystal Films with Different Magnetostrictive Coefficients
Characterized by Time-Resolved Magneto-Optical Kerr Effect
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TUH AN, N—waA i EORENNIVIMENT, OTRICEDEREROLENE Z 012 <, #MBEEEHEIC
BNDT2D, E—HDOBLNOLAE Y ha =g AT, 2O ICE S £ T4 25 TR STV 5.
BT, 8 O XN ERT RO REPER] | &3 IRIER 2 RAEZ, Fe-B X°Fe-Al A4 N 2R A SHE T, fEAkEs
B2 Z L1C kY, MEERARET A2 FELZRR LTS ). 5%, WENELRIMBHEROTIY 0L L
T, WEEEMEED O OBS L EEICARD RN S, T 2T, AT, N IRINC X B8 OREG) %
IS NZ L2285 5 Fe-Al-N A4 FICxt LT, Rl —%E (TR-MOKE) (2 X A7HliZiTH5> Z & T
e A2 A i~ 7z

EEAZ WEHNQE, BUSMEA Y Z U U ZHEIZ LY MgOO0)FaMR EIZTERL L7=, 40 nm JEO bee-(FeosAloa)ioo
Ne(001) HLAE AL (x=0-8.2at. %) Z V7=, HIEMHTIZIZ RHEED, XRD, XPS, AFM, TEM, R&5$ K OWEE
FEMEOFHIMIZIE VSM B X OR LRI L. MEEEAEFEOFHMIZIE, TR-MOKE HER 9% Az, R
CWITIX 630 Hz TR L2, 13 W, IR 1028 nm, /L ABE 290 fs, ##0i% UJE%EL 10 kHz @ Yb:KGW
L—HEH, ZhEsl L CREE# L 514nm OF @iz 7 a—7 8 L, lie—A0F0EEIEE T #H
% FE[E] 22 2Bt I 2 b S/ C, A —[Ellsfg o 7 LV ORI L 2 70
7o ANERERUIEIERR N B 30° A S S FICHIINL, K& S1E 20
kOe T—EL LTz, 728, MKGEMTEEICRSENEND Z ENMmH6NT
WAHMY, SRENIEEF M EEE L, MERLR & OBIRIZER Lz

REREER WSROI R8O —F % Fig. 1 IZKEIHRTRT. il
DR TOWE TR LT, BRI OENC R D — RBNRIET 5 2
LIZkB D, R0 EELARI = Lo TNB T ENSDD. AT FERR
THATERLTND Y =0, wEEEE (B 3 X OYER s 0
THEEZ IR DN FECE D 7 0 v T 4 7 Lichlmiif ch s, £
MRS DT — ROHRERY H L, AR f &R ¢ Lok
Wiz SOFN IR EEIERERL aer &, N WSIE & OBIR%E, Fig. 2(a)llrs
T N RINEREEINT D122 oer D3BA T

By exp(— D) sin(2fyt + 91)

— experimental
— fitting (— +—+-)
exp(= 2 sin(2

Kerr rotation, 6y (arb. unit)

100 200 300

Delay time, t (ps)
Fig. 1 TR-MOKE signal measured for
an (Fe(),gAlo'z)]o()N() film (gray line) and
fitting pattern (color lines).
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DEANCH D, R & bIEZ D2 LN TE
5 N PEFHITRATD E, BRI
INIZK KRB ERRBL TS, filfifg
EIER s D N ININEARAFEA Fig. 2(b)IZ, acr
& 4| DR E Fig. 2()Rd. N IO

RIZAONTAHBL L, £, oo LIAICE o 1 W=
DA R BTz R 11
0.004 } %
1) R. Bonin et al.: JAP, 98, 123904 (2005). Lo, i | |
2)Y. Endo et al., JAP,109,07D336 (2011). 0002056 8 10 ¥ 2 4 s s 10 %92 o

3) S. Umetsu et al.: IEEE TMAG., 59, 2900205 (2023).
4)K. Tto et al.: arXive, 2403.16679 (2024).

5) ARG B (557 H0, 122, 1 (2023).

6) Y. Sasaki et al.: Small, 18,2200378 (2022).

7)H. Liu et al.: JAP, 131, 213902 (2022).

8) S. lihama et al.: APL, 105, 142403 (2014).

s

et

Effective damping coefficient,

0.012

o
o
=
[S)

o
o
S
o

i

(@) .

Saturation magnetostriction cefficient,

N
=]

=
o

(b)

Effective damping coefficient, a

o
o
S
>

0.01
0.0081

©

(Feo gAlg2)100 <Ny

N content, x (at. %)

N content, x (at. %)

Saturation (<106

magnetostriction coefficient, | 4|
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magnetostrictive coefficient | As | in (FeosAlo2)100-Nx films.



24pD -9

T E)L T 7 A Fe-B-N &

W481m  HARA

RETRREMEELE  (2024)

Q&.’?? YUBEHZSIPS

BERIEAT « ERRAZR « AR « JIFERR « R

(B ER)

Effect of Annealing on the Chemical Bonding State and the Magnetostriction of Amorphous Fe-B-N Alloy Film

Naoki Isogai, Takayasu Sato, Kosuke Imamura, Tetsuroh Kawai, and Mitsuru Ohtake

(Yokohama Nat. Univ.)

FL®HIZ
— AR T U ADER 2T T DB DR

XuaA FTh? B DE T Fe @ 3d ZZFLIZAD I,
B-Fe ft & MBEE OB RIS L T\W5 &5 2 7.
Iz B ENZELEAIEDIZLICKY, TEAT 7 RRKE
WCRIETREZIMGI L, MEZIKBIES 2 2R AT

SRR TR L 7= Fe-B-N JEIC

T EINT 7 A Fe-B &L W BRI 2 T REM BB CH D0, ENKEI W LR=E
BElpoTWnob., £ZT, IEWE
AREE O SRR S, E%@ﬁzz%%ﬁﬁé)@f_ﬁﬂbxﬁﬂ‘%%énm\>:> 12,
TREZZILSEDZENHOLNTNDZ LD,
%;“C, B EHFMEREWN ZRIML, A VL CRET
MR L7 E E£, B OAidE 77 Fe D& 1 IKEE

ExHOTENT 7 AREPIC
—7J, BEEDLIX, A

BT, N DN

[ZFEVY, B-Fefii @ Tl <, B-N#EEDOEHMAMEES L, £ORE, MEMEELIZZ2®E LY B &

N OEABESGHITEE L > TH BT EZLND. £ T, RHFFETIL, Fe-B-N &&FED ¥ 72 D IERLE
A& BRIZ, N ZEILU7TZ Fe-B &4 RIC% U TR 2 5 L, FEEIREE & BEE kIt 23~ 7.

EEHE FIEARICIE, BEEZERF~7 Ry s Ay X o 7LEE
ZHWZ. Ar & No W ADEER 0.67Pa & LT, NooEEZ 0~4%D[H]
TENSBTIRA N ADFEMK T T, FepoaB: (x=13,18,25at. %) #—
By AR AT HZ LD, 40 nm JED Fe-B-N & =R TEiR{l
Si AR BICEE LT, 20%, RIEET v 23— T 200~400 °C D EAL
PR L 7o, WEEFEMIZ X RHEED, XRD, XPS, AFM, b hi#RHlE iz
1L VSM, BEERIEIZII R FFHRIEE vz,

RERER  (FeorsBoas)soNi (at. %) A%, 200 °C 35 X1V 400 °C TEL
ALPR % it U 7= A A R 3. Fig. 1 ISR O B R0 1s 8LED S OWE
AT N VERT. BULELZ L O L 200 °C TEULEE & Jiii L 7= 5 & Tk
VTR E . — 7, 400°C TEVLE A fi 3 &, B-NfEAIZHIGT D
FREESHIM L, B-Fe fA Tk ST DMENBD L TND T ENmnd.
ZD7=, 400°C TERMLELZ i+ Z £ 12 LY, B-NEA OB Z R T
XD ENGMoTz. Fig2 IZIN L OREOEER Z/Rd . BULE 7 L
DFEFS L8200 °C TEVLEE A i L 72 BBV T H BN AR ST
WA, TNHDBEOHEERIL =10 x 10° L/hNEVWHLDTH- 72
B3, 400 °C TEVLELZfiE L 2 ORETEEIT, A=47x10° LB/ S
L Ir o7, BRI, BMERKEZLSEHE OB O N T HHRET
5.

1) A. Makino, H. Men, T. Kubota, K. Yubuta, and A. Inoue: IEEE Trans. Magn., 45, 4302
(2009).

2) Y. Yoshizawa, S. Oguma, and K. Yamauchi: J. Appl. Phys., 64, 6044 (1988).

3) ARG AR &L HR, 39, 40 (1987).

4) BREEA, ERRAZR, ARG, JIHEER, RITFE: BARSM S 188 FREHAS
(2024).
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Fe-Ga &) / ffi e Bt ORI B 1T 5 Ga J R 71

ek, LRECR*, RETRE, BT, Rk
(G R, *HOEARK)

Dependence of Magnetostrictive Properties on Ga Composition in Fe-Ga Nanocrystalline Materials
K. Sano, T. Yamazaki*, C. Oka, J. Sakurai, S. Hata
(Nagoya Univ., *Tokyo Univ. Sci.)

FLHIC

WERIRE N—_AZ ~OIEHICmT, Fox T RBEE & & @it 2 W3 288 E LT Fe-Ga &7 /il
R FRZE LT D D AREPEHT Fe 5T/ fEdM B2 X— 28k E LT, 20 Fe O—{% Ga IZE#LT S
e TERIEN D . FATFZE TlE Ga 2 TEIRIN L= o 7L 2 RS BT L, _— 28R & Rl T 'L 7 7
ARHFR & T RN D e D) Mk A RO 2 L TR A R T 2 L IDNZ, = AR CIE A TR
ENDHEEEZFEBANRIIE D L CREBMERZRFOZ L EZR LI ARERTIE, B2 EL LT,
Ga IRINEDS 0-30 at.% DY o TN DO TREEEMEZ 3 L= 72 oHE4 5.

EBRAE

W T DT LT 7 ARTERALE, 20 X6 mm @ Si HMR LIC RF v 7R hr v ARy 2 Y 7R E R
WCRIERRRIE 24T 9 2 & TRE L7z, 2 ORIBRAZ IR T o T IEE 2 Fvy, 7 flds kiR B DL b CaVL s
T2 ETH /M EAT 2EEY VA ER U BB, N — ZAPERERR & Ga iR TR o 2 FliE
DE =7y NeHWTARy Z I EFIET 252 & T, (Fe100xGax)s2.3 SionsB13sP1C2CUg 7, X = 0 — 30 at.% & ff 4
D GafREDY TNV EAER Uiz, ERL U 7Y 7 LV ORGERHEII N TR K W BEEMBRZRE L, §F
i/ A—2 L LT Es, #SEMEOFRELEL U Ciafmgsz v,

ERER
Fig. 112, Ga =iz xtd 57 / fdbbr Bt omgE A @ This work
B Z R, EPH A TR S R A BRI I, A O Previous work
Ga IRIEIC & FRS OIEMER 5 LTS, X :ﬁ [ . 2
RIS Y Ga RIS TR E o [T 1 7g gL T
BriA e L1z o, Ga iR 30 at%x TR 20 | e |02
SETHLF /H#HEEA L, 2T XY &V IR R -% 25 ./’ @) %
MAMERE LT L E 2 LD, S0 1 11E
KICEAOBERICERT L, x = 11at%TlE €15 | R 7
Ga IR GEVREE BRI A LA, x = 19 at% Do A~ - - Horoo- A-5 052
TS LTV, EOREROH KT Fe T/ = 5 | I—. @
G~ Ga [FEVEIC X 0 ERE L2 ThH S . 0 - : : 0
BHOBERITHOVTIE, (LAWHOHHIZ LY 0 10 20 30

REHENBIL LTt L BB LT G, HIE, B Ga composition [at.%]

JEREEIC IS 5 Fe ICx9° 5 Ga OEWRM2Y 17 Fig. 1 Magnetostrictive properties of nanocrystalline
%I TH Y, FEHEE T BMBE BT BT R samples as a function of Ga composition.
b bIbEMHONT 2 T DRER 2TV D,

L ZD N

1) K. Sano et al., Scripta Materialia, 242, 15, 115956 (2024).
2) H. Okamoto, Bulletin of Alloy Phase Diagrams, 11, 576-581 (1990).
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BRSNSV INTEY ) A A(MBNBIRBIZE D, TENT 7 AROT /R

REAERT B DREBE S A X 7 2 DFFHT
AT, LI
(PERRTF, *HUERRK)

Analysis of domain wall dynamics in amorphous and nanocrystalline soft magnetic materials by means of
magnetic Barkhausen noise (MBN) measurements
S. Tamaru, T. Yamazaki*
(AIST, Tokyo Univ. of Sci.)
[FLHIS

BRI EHZ I W TIZ, B AT U U2, HHURRR K OREMED 3 SN FERBAEEZ L5 2
LATWA[L, ZAbd 95 b, REMBIIHEE S BE§ 2ERIC, MEELEE CHE SN2 MERIC L 5K T
HY . ELL TWD DR HURER L Y &3 o LEREEN &< . BEREEIC L > TUIRBERICR b K
ELFET L, o TREMBORBZMFEIH L, TOKBIZ ORI 5 FHIIMO TEHETH 5,

WEMEARNIT I CTRERE IRk 2 2 KBBIC L > TE VIR Sdv, £ 200N E NI BN E 2BV IET, 20D
TeOALIR A IER T 5 L 2D/ SR ¥ VT DBV > TEY , ZNEIAA LT TLET v T
WZPED 2SIV RRD ) A AR EN D, 2R AV NTEB ) A A(MBN)TH 5, MBN DI
LRERBERD L, HEENE IED SNAVUTRFTH R R33N0 | R -BEEERE MR D <L HHIER)
L7 LD BB O PR REL R D720, E 27 U AL OEFEMERE KT 5. 5% Y MBN
EWERHBRITIEOHEEZRT Z ENTHIND, LA LINETH /M, ZORIBETHL T EL
7 7 AMEHZ T MBN &R DBAR Z i~ 7RI E TH - 7,

AMFFETIE, EEE MBN HIE S AT L2l ZNETHETH 72T BT 7 AT/ fidb B
MBN ORI U, F 7% OGRS BERED BB SOV TR MG b 72D THRET 2,
ERAER

Fig. LIC MBNHIIES AT D7 v v 7 [M %~ DAQ =y M1 1Hz DY A L EZFA L, ZHANER
T ENLTZEHIALNADFFITHL, ORI ASNICRB OB A i3 5, BbEkiTs 5 —F
DAA LTt S, COEFIIEMEST 7 THIESN7ZOBIZ DAQ ICXL »TWiIAEN D,

AEHZIE, JE S 25 um T/ A > MER/NT OBULELHI(T €L T 7 X) &% (T / wdb)M Bt O R/ 2
2o THHEK10x 2.5 mm2 ORI L, “EaA WA L CRABE b Z]IE LTz, £ ORER%
Fig. 2 lZ” 7, 7E/L T 7 ZAEN O IXHREZ MBN 238 Sz, ZOREFRTiX. MBN 7LV AN 234
LTWD EIICRZ DD, WBEIERT 2 &, EERIZIE % D MBN 7SV AL L TR Y | 7232 B3V
INAIET, SEFORRE LN THLHENE 7, ZOSN T MBEERER T v T o7 T52LICk
O AR AN C 3~4 us FREE & RAE S ALz, ZAVIWEEED B 2 (kO ) AN T EE Iz T D BR D |
BEWERICL DX TE#BEZRL TN DEEZOND, — T/ fEdHERCIZ. MBN 239 5 L/
Ihote, ZHUTT 2 REMAGIC X0 BEERREDIE G0N 72 0 | R L 72 2 & L EHMIIC—ET 5,
B2E R
1) G. Bertotti, et al., "A new approach to the study of loss anomaly in SiFe." IEEE Trans. Magn. 17.6, 2852 (1981).
il
AMFFEL SRR A AT —o L7 b u =7 2RI REAEBAR T FEBH 56 53 IPJ009777 DBIRL 2 3% 1) 72
HDTY,
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Fe-Zr-P &) 7 U X Z VB OB & S

PG BESES, A ISR, 7R R, BB vEr
(FEETIERY, *ﬁaﬁi%(i‘fk))

Magnetic properties and structure of Fe-Zr-P nanocrystalline alloys
H.Sakuma*, Y.Nakanura, T.Saito, H.Watanabe*
(Chiba Institute of Technology, *TOHSEI INDUSTRIAL CO.,LTD.)

FLHIC

WA BHZ B W T, R R O/NUE O 7o O I I X BRI RE FE Bs 23 < BRG] He 3/ h&nWZ &, &
MR AEKIBETH D Z LR ENEREND. LovL, & Bs TEBhEy - KA Z2ERTHZ LI
L < BURIZAGE SIS b BB B 2 V0 i T .

i Bs EENT-HBEEEE AR T ST 7 ) AZ VAL L LT Fe-Zr-B R/ fidhB4<° Fe-B-Cu &
4, FeSIBPCu(7/ A R), FeSiBNbCu(7 714 A > K), ZEMFBINTND. ZhbOMEHT
Feii ZVILER 1% 12 becFe fah T/ A A THER SN D Z EnHEIN TS

—J7, IEBROFeRT /7 VAXNLEEIBELTIEE Ati&%zﬁxéhﬂ\m\. ARFIE T, Fe-Zr-P
FESEER L P PINC X D BRI R ORHEEIC DWW TRFT L 7O THE T 5.

ERAE
Fe-Zr-P R A& IT e — /MRAEH IFICE D IE Lmm BREDO Y R RGECIER L7, ERLL 72 Bt o R
s LBHARIRIE Tx1, (X DTA LV k7=,
TX1 UL LR FE CRERLIGEVLIE 2 S5hE U7z, BERURFERIE I b oA X AR O e AV TR L 7-.
ABhE L OB % OB O S IL XRD ;TEJ/E L7-. #&Ski#s (D) 1% Scherrer XL v, K&+
EH(a) 1% Bragg DXL W Fh k.

ERER

Fig.1 (2 Fegg Zris 2 O Fegg Zriy P1 OEIL 1000
B O PR O MR 2. (1R S
B 7= Fe-Zr SR DR L2 >V T A '
EREEIIT T T 7 AREETH - T) _ Fegs 2111 Py
MEY, TXL L EOREES0C) TOBL =
I bec OGN E N TR, B

oFe DB — 7 BNHER S NTZ B4 Xix = Fegy 11y
10 7° & 50nm FREE DM BTz,

LB 1T Fego Zri A4 C 250 (1kHz) Ta =650 (°C)
BENMFONT. AHKIZT, FeZPIC 100 H=0.4 (A/m)
lat%E #i L 7= Fegs Zru P1 &4 Tl bhiB 1 10 100 1000 10000
3K 2 £50> 500 (LkHz) FLEE F THUINT [ (kHz)

Y ImYASTNSY Wt

AfgEEtL v, P ZIRINL7Z Fe-Zr-P &

BENT )TV AZNEEL TR D T &N Fig.1 Frequency response of magnetic
Ny permeability p in Fe-Zr-P alloys
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V727 v Fe-B b -2 81T DR ME DO BVILER R FE |2 X 5 B

HWARTH L, HIRZFE?D FUNERL, =EA, EHER!
(1. HAER)
Influence of annealing temperature on magnetic properties in submicron sized Fe-B particles
Masumoto Chihiro*, Miyazaki Takamichi', Ajia Saijian', Muroga Sho', Endo Yasushi*
(1. Tohoku Univ.)

wE

TA RN REy y THRERER ORI LV, EIRERK O & & R EREN A /i IS/ > 72— J7 T, BEEAME
MOIRLZERE L, EJEE AT T O E R R DO RIS X 2 BHEOIR T2 EOMERH 2.
Z T, iAo e UL, BEEERE L, BT I a s icH oY A X35 2 L Tl & il
AIRB7R T BT 7 AR AR SN TS AIXINETICH 7 I 70 D7 €L T 7 & Fe-B ERIR
PR 2 AKIAORTTIEIC K 0 ARk L, $0H MHz~% GHz & TR 2 s 35 2 & Z2#d LizM. AR
BT, G LIEY 7 7 vy Fe-Bbi T OMEKEHED X B 5 M B BHIE LT, MNEGEHEE 2 28k S & CEL
R ZfE L, Zh 5 O & BRSO W TRET L2 ROV THRE T 5.

EERAE

KGR TCIEAZRWTH 7 17 v v Fe-B B A2 AR LT, AR L7BRi -1 Ar 57 A H1-C 400~600°C
W CEVLEL 21T > 7-. Z Z2°C, BVLEEE Y, 200°C/h BL6.7Cls & L.

B 2 ff L 7= oR T- DTk 3 L OMEEIZBI LTIk SEM, XRD %, BEAUERMEIC RS L Cldioh: 7 & ks
IS TERLZay R Yy M2V TVSM BL ORI~ 702 b)) v PR LE X7 hLxy
NT—2 T F T A VW EMAG DY T RERRREEIC X > TRl L 7.

KRR P L

X 1\ EVLER R4 T D Fe-B ki 1D XRD /X% — v o —filZ r3. # Sl v FeBILE
SLERRTES L UY 200°C/h OINEGHE CRULHL L 72 Fe-B fiohi 7 CTI, [l %;Liv . s67CI]
— 7 BB S o7z, — 55T, 6.7°Cls OBVLILEE THMLEL L7 Fe-B g . 200°C/h
W7 TIY, 0-Fe 33 L0 Fe-B AL AMIT KT BHILDIEHTE— 7 NG 5 jovmmmns it

i Zhid, AL FeB MBI TRTEAT 7 ATHY, {Epves 30 40 50 6, J0 80 90 100
TR, ARV X o TRiiET 2 2 2R LTV 5. M 1 BVLELRT% O Fe-B
[0 2 | EVLEERITHE O Fe-B MUK 712 351F % BESURFE 2 9. 200°CHh OFL K170 XRD /34—

JUERCIE, BVOEEE OB E &b IZfFIRAY o 1d 146 2> 5 154emu/g (2

b))

D 180
PRI L, B Ho SR D Ao T, — 5T 6TCs D Emf® A
BULBLCIE, 400°CLL O BLEEC oy 13 161 emulg £ CRIEICHML, H gﬁo et
b, 231705 2170e £ TRIBICHIN L7z, Zhid, SudEuLEIc XY, g e
o-Fe 35 LUK Fe-B (LAMDHIHI L7= 2 LIt kD L BEZ BNS. Bl o
LI EOFERIE, 72 7 1y Fe-B Mok 125t ) 72 BALER B CEVLER e Sty
BRiT LT, RERAEEN R L A AR B D 2 & AR LTINS, _ W0 Toron
o & 280 . 200°Cih
I” 200 e * o
AWFED I, STRREEEHM /T —= Ly b a =7 ZAIHIEEE 2 i
HEFFIEBTE T IPI009TTT 36 KLU — & il - WM~ 7 U 7 VBFJERE 5
7Y xs b IPMXPLI227IS503 b L{TbivE L. 27z, gk © oLl ot L
CIES L UHILAY: CSIS OXIED D & TiibE LT-. Annealing Temperature [C]
X 2 BVLFAT O Fe-B fiohi
25 %@@%ﬁ@m,%%%%ﬁ

1) K. Murata, T. Miyazaki, H. Masumoto, Y. Endo, T. Magn. Soc. Jpn. (Special Issues)., 5, 1-5 (2021)
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KRDOER BT I 7 1 Fe-Ni-B b T D#H - BIROREKFiE
FH RS, =W A, HF FE, MWE T, EE R
(RAERZ, P REEMRESFEMER)
Magnetic properties of submicron Fe-Ni-B particles with different compositions
Kazushi Wakabayashi', Sho Muroga', Takamichi Miyazaki', Tetsunori Koda?, Yasushi Endo
("Tohoku Univ., 2NIT, Oshima College)
FLEHIZ V7 I7 v YA XOEBENEMRLF1E, B OB ZIH L oo b i E k2 & E R S &
LT ENARETH Y, RSB T A AT DB LTHIfF STV D, iz, iR
FRYT I m oA XETHMIE LIE5E, SRS ORAIME I (LT 02 eh~v A/ r~v X
TATAYI 2= a IChVRBRENRTND V. LER-T, 727 v VB % V727 3
AADIBRLADIZDIZ, £ OREXAEE & BRI OBEN 2 T 20 ER R H L. ZHETIS, Fx
DL 7 N—T7"TlE, KEEWRETTINEEZ N TH 7 I 7 m %A XD Fe-Ni-B b +& &/ L, fﬁi%em %
RO RN XA & LR O SEIGIC 15 ZIEM o v — 7 BN D Z &2 WE Lz 2. AT, ¥
ZHIR 2 2 b S ¥ 72 Fe-Ni-B b 72 B L, £ O XAEIE & R DMK AFIEIZ DWW TRETT 5.

EKERAE Fe-Ni-B fhi1-1%, Fe il Ni & %M S B 7KERPIZEICH L 70D NaBH Al T 952 &
THMLZ., 2oL &, Fetil NiEOBEZFHEEFe2:Nizt=3:7-8:2)1T5Z & T, #KDE D Fe-Ni-
B ki & ARk L7z, Ak U7k 113 B 22 B BRIA 2 IV C Ar W AZRPASH T 400 °C, 1 WyfiEVLEL %
i U7z, Ak L7k - o ks X OEE, FLAICRE LTk, SEM-EDX, TEM 3 X OVICP % HV TRkl L
7=, Fz, BEKEMEICZBILTIE, MR FEBETICOBSETER Lo R Yy Mrd VSM B L OVERK
Rlwf 7 b v PR A2 RO - EEBRRIEEIC L 0 EL7-.

EREER X 1ICHORA D FerNi-Bihi 12317 5 SEM 4
DFIZ T, Bk L7 Fe-Ni-B b3V o i T b FEkEE
MDY —RRERIRT, 7 I 7P A X ThoTo. £, Fe DF
BHREOBEIMZE HBRWRIENRRKEL otz

X 2 IZHK D e D FerNi-B ki f-=a ARy y MIicEiT s | \
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Fig. 2 Complex permeability of Fe-Ni-B
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