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Polycrystalline and amorphous Co and Fe magnetic thin films on PEN organic substrates
H. Kaiju, T. Abe, M. Ishimaru*, K. Kubo** and J. Nishii
(Hokkaido Univ. RIES, *Kyushu Inst. Technology, **Teijin DuPont Films Japan Limited)
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[3] H. Kaiju et al., J. Appl. Phys. 111, 07C104 (2012).
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Preparation of iron oxide films deposited by Supersonic Free-Jet PVD
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1) A.Namai, et.al. : NATURE COMMUNICATIONS (DOI: 10.1038/ncomms2038) , pp.1-6(2012).
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Creation of non-magnetic layer and control of its layer thickness by ion irradiation on MnGa films
D. Oshima, T. Kato, S. Takahashi*, Y. Sonobe*, S. Iwata, S. Tsunashima**
(Nagoya Univ., *Samsung R&D Institute Japan, **NISRI)
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Nd-Fe-B nano-composite film magnets prepared by high laser energy density
Kenji Fujiyama*, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki University)
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GYARFS S« BRFERY I RT 4 7 AWTFESE R, MAG-12-072(2012).
@HL—YT7 T L —va L 2oEECNRETEMEES, TV—97
TL—arEEoicHl (ERTESm) (1911).



F39ME HAMKER IR (2015)

Co(1120)¢p 35 & U Fe-Co(100)y, T HuJE %bﬁﬁz L=
T B X % v L SmCos &4 %Hﬁ@% s S e

KT « SRS - gARH - [UHE - KIERE - HlSSCR” - fRdgfs L™
(P, "HpEEKR, TILIEX)
Structure and Magnetic Properties of SmCos Alloy Epitaxial Thin Films
Formed on Co(1 150)}lcp and Fe-Co(100),.. Underlayers
Mitsuru Ohtake, Yusuke Hotta, Ataru Suzuki, Makoto Yamada, Masaaki Futamoto,
Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., *Tokyo Univ. Arts,
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D, Co(1120)e, B L < 1% FegsCoss(211)pee FHIE FIZ Smy;Cogs (at. %) BEAE TR L, M & BRI 2 TR,

EERAE MgO(100)HfE & EAR 12 20 nm JE D Co(1120)¢p 3 & U FegsCos5(100)y.. FHIUE Z~T m o X F

YARESEZ., ZLT, A0 FHE EIC 20 nm JED Smy;,Cog A TERL L7=. R O AR 1
500°C & L7-. #EFEMICIX RHEED, XRD, RBEAEFMEREMIZIE VSM, SQUID /15t % v 7z,

KEHEERE Fig. 1(2-b)IZ Co BL U Fe-Co FHiJE EIZIEAL L7 Sm-Co Ikt L THEIZL 21T > 72 RHEED /=~
H— kg, fERREIT R — U RBIER SN TERY, XX r L Sm-Co NG LI TWD 2 &30
%. Fig. 10—\ ReTi7r, RTs, BT, RT:HEED Sm-Co(1120) 85 SIckt L T/ ¥ —r Dy I 2 L —
a v EIToRRART 9. BlE S RHEED % — i3, Whb, RLBREEDHREDY I 21—
a UiER (Fig. 1@) & —HL W5, Lo T, R #i&E%F> Sm-Co 2% Sm-Co(1120)[0001] 27,
+(1120)[1100] 77 || Co(1120)[0001]nep+(1120)[1100]hep, Fe-Co(100)[011]nee || MgO(100)[001] D Ji (i B T
RENTEY, c fiABEENIZE W CEAR L7-BfRE RO BGEm N SR ST\ D Z Lo -7z. Fig.
1@z Co THuE LIZIEAL L7z Sm-Co EDRLh#RZ "3, BEENIZEB W TGS DO BV O il b 45°[A]
R ZFIIN U2, X0 KRERMMBANBRIN TN D

fix L7=1m (MgO[o11])

(a) Sm-Co/Co

@) Ry 0 o @00

@R, 7,0 © © J

Fig. 1
Fe-Co(100)vec underlayers. (c)—(f) Schematic diagrams of diffraction patterns simulated for Sm-Co(1120)
bi-crystals with (c) B2 77, (d) RT%, (e) R.T%, and (f) BT structures. (g) Magnetization curves measured for
the Sm-Co film deposited on Co underlayer.
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1) J. Zhang, Y. K. Takahashi, R. Gopalan, and K. Hono: Appl. Phys. Lett., 86, 122509 (2005).

2) V. Neu, S. Sawatzki, M. Kopte, Ch. Mickel, and L. Schultz: /EEE Trans. Magn., 48, 3599 (2012).
3) M. Benaissa, K. M. Krishnan, E. E. Fullerton, and J. S. Jiang: IEEE Trans. Magn., 34, 1204 (1998).
4) M. Ohtake and M. Futamoto: IcAUMS 2014, A5-28, Haikou, China, 31 October 2014.
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[(a), (b)] RHEED patterns observed for Sm-Co films deposited on (a) Co(1120)np and (b)
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Dependence of magnetic domain size of ultra-thin CoPt perpendicular magnetic anisotropy films
on applied magnetic field direction
R. Hara, K. Hayakawa, H. Kawamura and R. Sugita
(Ibaraki Univ.)
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A A DTERERESHIIN T AHRAFYE 2 B 52N T 5.
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U 7 5Ok 7 e g 2 (B 5 1) e NI N T NSRS A FUINC 975 Z & L0 AC Wl L (Z A ENEEETHRE L O
THRE L RS 5), BEXHEIE 2 B BIEE (MFM) Z VW CEIEE LTz,
ES YRS

BT/ D VO X PNTEREL L7 3,5, 7 & TV 10 nm D CoPt T EAEE TR O MFM 4 % Fig. 1 12/~
F 72, Fig. 1 £V ROTEEIREX YA X% Fig. 2 127”7 Figs. 1,2 £ 0, JFE 3 nm OEOREX WA R, MEETH
WY, #1400 nm Th 273, HNTHERBED S8 13549 200 nm TdH V) WETEREDK 121272 > T D Z L ADH
L. WTHVOVERE ST A TYEIE L 72356 6, IRIE OIS EVEX Y A X3 LTnD. £72, 5 KOV 7 nm @
B F1T % HI NI OB YA X133 nm O & [RIERIC, TEIHEBEE D H/AS V3, BEEZ 10 nm (2725 & 1F
ER T A ZXDK 70 nm (272> TWD. D KD RBEX A A X OVERERES EIN A7 & ONEE AR A D
BHEIRO LS ICEZ LD, EEEHOBRICIE, TE RIS H D3 @ < BAERUEES Hy 73R E W T2 0DIT K
Rl X OB A LI <. —05, mNTEBO LG, NG m & iziidbl®, FUES MK 45 & midy
IR ERIRREIZ & 5 728D, hep ¢ BIANTEELT M7 H DT NMENT WD & B E & 5T Fla & I2Eds L
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Fig. | MFM images of perpendicularly and in-plane demagnetized Fig. 2 Dependence of domain size on
CoPt films with thickness of 3, 5, 7 and 10 nm. CoPt film thickness.

B 3R
[1] B. Varghese, S. N. Piramaanayagam, W. K. Lee, and H. K. Tan: /EEE Trans. Magn., 50, 3201606 (2014).
[2] Y. Yang, J. S. Chen, and G. M. Chow: J. Appl. Phys., 109, 07B744 (2011).
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R’oAh, WA B, g i, bk &
(ALK )
Fabrication of highly-oriented Nd-Fe-B thin films
Y. Azuma, S. Okamoto, N. Kikuchi, O. Kitakami
(Tohoku University)

1. [FL&IC

BEW, BT RNFX—OBLED G Nd-Fe-B i O @EMERRIE @< RO BT 5. @tER ki mT 7258
DN OB HH T, EREIMGITEEREO —>TH 5. Nd-Fe-B Wit O &I 2 FEH T 57201215,
WAL SR O BFR N AR AR CTH Y, HEREEZ AW T VE RN LS HMEINTVD. I LICHERER O
72O, FEmELAYE, RT3 A X - ARG ORI Sz RE R BRI AR AT K TH D, ABFFETIE, T
HIAP RO, FEBGREICOWTRETZITVY, EShE 72 Nd-Fe-B MO /ERL % 3 7.

2. EEAE

~ X b ARy ZEICE Y, BEREIE Si FEHR_EIZ W or Mo(30 nm)/Nd(0.25 nm)/Nd-Fe-B(50 nm)/W or
Mo(5 nm)DFEfEfEE Z ER U7z, THUE 2 S TRl L7212, MR Ty, 2 500~700 °C & LT Nd &,
Nd-Fe-B &, v v @&l L7-. Nd-Fe-BJgIZNd, Fe, B D 3 LRIFF ANy X (T X WL L, FKHED
WA 2 92 Z & 12 L 0 SR EHAR Nd 3FeqoBs [ZFHFE L7z, B O Sb i 13 X #REIPT(XRD), BEAUFE
M A RENSUEPRIRS D RH(VSM), SUBFR I BLE2 1R 7- [ 71 SIS BE(AFM) & N T2 FLafl L 7.

3. ER#ER

FTW FHIOFERIZOWTRRS, Fig. 1 IZXRD 71 7 7 A )L O FEMIRE Ty K FEM % 783, NdyFe 4B #
MHOEPTE, T_XTO Ty 2B\ T 00/ 235 H 58 <, (00DELH L CWDER T2 R TX 5. 001 LAAHZITTS
W 214 L 105 MBI S 7. FTH Ty =600 CIZBWTIL 214 & 105 OEIPFTE— 7 1 HIFITHE AL L TEY,
FRVO0 DB N FEBL XL TUW D, Fig. 21T Ty = 600 CCREE L 7=kt AFM 8 %2779 W FHITIX Ty b
ST, KT 1E 200 nm FEE O B EN S, c DD 1lum BEDT 7 ARk F~EBITT 52 N
oo, —KF, Mo FHIOEE, XRD 7 a7 7 A /ViZ W FTHIOEA CIZIERETH - 7203, BRRIEIR T
T LS ETHBIREEDEETh o7z,

g g 38§ © g 8

S =) d=22 S 8 s

o oo 00« O <40
o | ONdpFe,B
2
k= T, = 600 °C W \
oo
o
- Ty, =500 °C

Si sub.
[um]
10 20 30 40 50 60 . . .
20/(degree) Fig. 2 AFM image of Nd-Fe-B film grown on
Fig. 1 XRD profiles of Nd-Fe-B thin films W underlayer at 600 C
grown on W underlayer.
B R

S. Sugimoto, J. Phys. D : Appl. Phys. 44, 064002 (2011).
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L1, RHIIE 4 & 3d BB EORMET B X %3 v L _JEBIEOE L

VA TR « PAPREK - B ORE - KYTTE - TARIER - Ml SCRT - AREE(SSET
(PR, “HEEEKR, TIEKR)
Preparation of Epitaxial Magnetic Bi-layer Films Consisting of L1, Ordered Alloy and 3d Transition Metal
Ryoma Ochiai, Masahiro Nakamura, Youhei Noguchi, Mitsuru Ohtake,
Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, Yamagata Univ.)

[FEOHIS R & AR D 72 D R Out-of-plane In-plane
BT ) oY M RGO S A s o
BRERMIEH L L Ce A 7 mE— 2% S § 8 8§38 Sre s
MEMS JEICIN S CHES WS, il | & & T Sripd SitE 8
BRELT, 85 SmCos X NoFeuB 2 20fi - 8|15 2 - g repdre =5
EREGMEBR SN TOLR, BIEHDS AT o - s @

e .

=

A, Ll iEEZ+> FePd <° FePt 472 8%
L 725, L L b, L HAB452 M
N TR A 3R S YD, AR T, L,
A% AW FREIE O rTREM: 2 /i35
Z LA ARG, FERNLOR D MO HifEdh

| | ]
JERT ISR L1y FePd, FePt k& M ZFs S8 g g _88 &
SFe, Co/nb7s JEMATRL, Hirk LR S e 2 S 5% ©
S ol g, Y 20| g
NS Sile—3
L - [ <
S

EBAE BFPKICIE UHV-RF ~ 7% b
VAR HAEE AR L, FEARIZ13(001),

(011), (111)5HL> MgO Bifbdhz FV -, JE
12 FePd, FePt(20 nm)/Fe, Co(20 nm)DJIET
FiE L7- e, BX0, FRElEE L C
@A 200 °C OFEMIRE TR L=, £ L

MgO(011)

1 | |
$ JToMiEE s v L 3 3 8 g _gg
% Z &% RHEED B LV il L7, o] s § olg 5%
%, A2 FHIHIEED FePd 35 L0 FePt JB4 S1ils 2 g Sz 1%
L1 FZ B 12 7212 600 °C CHLR (e-1) | e—z : S

Z it 7= AT 21X RHEED, XRD, AFM,
WAL 1 VSM & V-

SERER  Fig. 1(a)~(b)iZ FePd/Fe/MgO(001) &
Fe/FePd/MgO(001) &kl CIIITE L 7z fidhds LY | |
FIPYXRD /85— By, AV S2 =TI o0 40 60 80 20 40 60 80
FePd(001) 4% 15 i, FePd(002) 2 A4S 4, 26 (deg.) 26y (deg.)

Fe(002) K MBlZR ST D, —J7, N .
2 i Fig. 1 (a-1)—(f-1) Out-of-plane and (a-2)—(f-2) in-plane XRD patterns of
XRD /%4> TId FePd(00) A KA & [@), (c), (e)] FePd/Fe and [(b), (d), (] Fe/FePd films formed on MgO

I;:%llg) g\ggiﬁﬁ;hfg S ;]} OCII/_ \1 O_;eél:ﬁ,f substrates of [(a), (b)] (001), [(c), (d)] (011), and [(e), ()] (111) orientations.

WIoRERE b, FePd &I ¢ Bl SEIELLZ 1R

Uz L1g(00D)fEER DABRR XA TN D Z &2V D. RHEED 35 KOV XRD i HUE L= B4 5 2% )LV BRI
FePd(001)[100],4, || Fe(001)[110] || MgO(001)[100] T& 4. Fig. 1(c)-F)iZ MgO(011)F5 L ONLLL)FEH_EITHERk L7 — @l XRD
NG — % MgO(OLL) bR HIZHERR L 72 2t L Cldimgh FePd(022) & ik FePd(200) AR, MgO(lll)ﬁéiF)iL
TERL L7268 255k L Cidimigt FePd(111) & [N FePd(220)+(220) EASS D MBIER S 41T\ 78, BB cBBA% 1RCRIIRR0 B
720N BRSSO &0 BRI R B2 D ATREME B X DALD. Y HIIEERIED ED T, FePt, Co Z#iAAot
TAEFIZONWTHHET D TETH 5.

ZEZCER 1) T. Teranishi, A. Wachi, M. Kanehara, T. Shoji, N. Sakuma, and M. Nakaya: J. Am. Chem. Soc., 130, 4210 (2008).

2)J. P. Liu, C. P. Luo, Y. Liu, and D. J. Sellmyer: Appl. Phys. Lett., 72, 483 (1998).
3) Y. K. Takahashi, T. O. Seki, K. Hono, T. Shima, and K. Takanashi: J. Appl. Phys., 96, 475 (2004).

MgO(111)
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RHRBEC IV IER L Tca R 2645
DOzz—MI’l3GC %H%@Eﬁ/f\q:%'l\%

OPEEBAEEN (I‘mi) FHIEMS® W
(ALK RZBE TR AL B K KB T 5EF )
Magnetic properties of D0,,-Mn3Ge thin films with a high coercivity fabricated by laminated
sputtering method
K. Watanabe' , M. Doi’ ,T. Shima?
(Graduate school of engineering, Tohoku university' Graduate school of engineering, Tohoku gakuin university®)

(&5

BUE, B NX—, 7 ) — X —7etb 2 O FEBUZ AT THINBE S S IR L Tnd, £ 2T,
B NX =00, L0 EEERKIMCEEEE - KER - #BEEOAY Y ha =7 AT /31 20BN H
LERENTWS, BEBEL, ﬁ‘%%ﬁt ’:»su\f%ﬂ%%gé@ (2 & DBt OBE AL S RER S, 2
TE L CHBENE & L COMRBEAHEFFT 2 7201213 107 erg/em’ 1F & D 3 O LS 5 1E 2 A5 2 MRS BE 28 44
FLiph, & T, ERKRD MRAM | ﬂ%b\%hft\é Co-Fe-B (~10° erg/em’)I24H> 0 | &\ ik Sl AR 7 1 (2.3
X107 erg/em )& A L, 2B F 2 U —{RE(~ 850 K) & AT 5 D0p-MnGe 23ER SHTWn5 Y, ABFZE

TlX., STT-MRAM, FEEBALEORMAHELE L THER STV % D0y,-MnyGe IR 2 A8 HFEfE A /% v 2 {5

IZBWTALWICERERGIE L, BERERLZITV, BRFELHs 22 e L,

[ =B 71E]

AT T, EIREEREHE, BEEZE LT Ay 23 % VT MgO(100) BLRE b FEAR EIC Rl Uiz,
Hix Ny 77EE LTCr% 5nm, BB & L T[MnGeli ZEK% 100nm, ¥+ v 7EL LTCr% 10 nm
& U7, BIEEEZEFE 1T 7.0 X 10° Pa LA F D5 F ORI 21T - 7=, BB R t=1~ 30 [0, Mn fiLR X x = 2.7
~3.5, FHURFE T, 1% T, =400 ~ 500 °C, 7 =—/L{RJE T,1% T, =475~ 550 °C £ CE{L & TR AT 7=,
F9. MnJE & GeJEORERBIERF 22 S V7155 OREERE ZTAR5 72 D12 D0y»-Mn;Ge 1T LML 7 &
Fatb LD Mn U FHEIKCTZ ORMEENLEICHEOLND Z &b, Mn OfktbE x=3.5, t=15& LT
[Mn; sGelys ZWaMERE & Uiz, WMERE T 5 [Mn;3Gelis 1L Mn i & Ge i1 & 2K HAZRNE T % O & & 51 15
FHE IR L, ZBHBIEEAT 5[MnsGelis /B & Lz, 72, [MnGel, ZJEIFIC BT 2 BLRE M o018 8 [R5k
TP, Mn MUERILIRIENE, [Mn Ge], 2B EEIZ ) CEBd A 72 HikH 0 DO0,,-Mn;Ge f g rh & B I 2R RS
% T2 O\ EEMOREE T, ?:tuw PEE DR b 2 X D 72D DT =— VIR E T, DI S/ % Mimt Uiz, R s dh
T X AREIPTEXRD), BERAHEISBEEE T3 : iy o -
TR FHSQUID) & AV THFAR L 72, 2 e ] B

[ 3] i I

T =— R T, ORESEEE T 2720 T, = 475 e
~550 °C ¥ CZ&AL S Eifb bl & BERUREME 2 314 L 72,
Fig. 1 (21X 7 =— Vi T,=475~550°C £ T&{L &+
R U 7= RE oD . X #R[EIHT /8% — 2 & SQUID 2 L % kil
MR OFER 283, T, = 500 °C IZF W\ The b AT
V001 E AL A] &2 s IR NS B v, R b M =
119 emu/ce, R4 H =119 kOe Z/R L7T=, FHE TIX
BEHGE, BATOREL . (B )) K OB B 1> Mn | S i o
R AR AFYELIC D0 TR L < H T 5 a2 aEELEe

=T
1)  Atsushi Sugihara, Shigemi Mizukami, Yuki Fig. 1 XRD patterns and M-H curves of Cr (5nm) / [Mnj;3Ge];s
Yamada , Kazuyuki Koike, and Terunobu (100nm) / Cr (10nm) 7= 450 °C,
Miyazaki : Appl. Phys. Lett., 104, 132404 (2014). ~ Ta= @ 475°C, (b) 500 °C (¢) 525 °C, (d) 550 °C for 60 min.
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L1o-FePt ZAE SR Z 3 1T DRI TTIE L N U T o MERCOD Fe MR K AFME

SRR R, /NEppRthess SEeplior, Ao, [A Inr, dbk &
(LR, *+E LK)
Fe content dependences of magnetic anisotropy and variant in L1,-FePt poly-crystalline films
A. Hotta*, T. Ono***, T. Shimatsu*, N. Kikuchi*, S. Okamoto*, and O. Kitakami*
(*Tohoku University, **Fuji Electric Co., Ltd.)

[XL®IZ Llg-FePt (X 7x107 erg/em’ BB DK & 72 —HhEE R G IEEZ A L Y, 2075 =2 T FEERL
BT VR RS S GEER A DA i & B ST b, EBALICHIT T, Lle-#EED ¢ s mPIcELm
LN Ty MBS T2 ENROOND. ZHIETIZ, 50 at. %Fe DL EDO @R Fe #HAK O B &
RS T =2 FGPEVTARY T N OIFEREE SILTWAD, Z OMBIRIEIECH R T EICRT5
NI STV, £ 2 Tk lE, Llg-FePt BIEORIR I A 2B SR T O ARy X ik
V& AWTRE A ORI D L1g-FePt ZhESEATER L, NV 7 v Ml OMBKFEME L, FR KR
PRI B2 B 5B A TR~ T

FRERFE AN, BEEZ~ R o2y FIEEZHOTIER LTZ. ZiEd FePt 1, 254 > F
T AT 4 A7 EIZ, (00D)ELM L7- MgO ZAsfmEEO THIEZ R L, 0 Rl X %2 v Lk
ST %m@ﬁﬁi TV T — FEITHEL IS L 00 Lie. s MT \ C13mE s X O
X AREHT (XRD)Z =, BRI MEER Ky(= Kut Ko, Ku BE R Kp 1 ZFNER 1R, 2 RO
RBFMEEROIL, BER—NANEN X DA AR A FIH LT

R MV 7 B A E L CRO 7= R REINMER 7T).

HRRUEE Figl lCK, B L OHAIE S O Fe fRIKTANE 2 R
72¥, MRIC K D ¢ BORER A A HICBHE 72 2 ITFE O v o 7.
&ﬁi@SiRﬁﬂ@%mkk%:ﬁmb,wm%ﬂmﬁﬁf
KKREZRLTE., S HIZ Fe A ZHEMcES L, KLBEIUS |
KFT2b00, SOKTFIZHLTKDOIETFRREND k#b#
otz F, KO TIZE 720 Ky 12335 Ky OFIE 03880
LCu 2. Fig2 1T XRD HIEDORE R BHE LI, N T~ -
N RS DFRIBR T & % FePt(001)ifE D EIHTIRE &, FePt(110), (200), s ﬁmﬁma%“ 5
(220) 1 O [EHTHR D> & Williamson-Hall plot % N CHH L 7= b O .

FA%E D Fe $RKGEETH S, Fe MAOHINMIZ & B 7220y, 50 %ﬁﬁgMMdew®m“f
at. %Fe KELALL_E KR Tl FePt(001)f o [ 4750 2 A BHE |- 14

[$]
N

K, (x1 O7erg/cm3)
">
D\W
E
H/%W
| L | L
o o
[} [e ]

N
T
R
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~

N
T
|
[
N}

oS :

MLUTEY, HAFELBML TV, 2, K Fefilins Y 200 i
T RMIERSNTEY, Fel50at. a2 HE YT UM e 1
AWICEINT 5 Z L2 R L TWA, & Fe i ToNRY 7o Flsy ; I

OHEIT K, DIETE LS LTWA. 77, Ky OEAZAY %120j 1o
TV MERORE SPAE L OLRE LYW, BB ER 8 e loe
DRFFEDT RN X —FELE L D720 ThD L BEZ BN, . 1,
BEZHR 1) R. F. C. Farrow, et al., J. Appl. Phys., 79, 5967 (1996)., 2) 0

S. Okamoto, et al., Phys. Rev. B, 66, 024413 (2002)., 3) K. Barmak, et % 46 48 50 52 54 568

Fe content (at.%)

al., J. Appl. Phys., 95, 7501 (2004)., 4) H. Ho, et al., J. Appl. Phys., 116,

. Fig.2 Fe content dependence of
193510 (2014))., 5) T. Shimat t al., J. Appl. Phys., 109, 07B726 ;
2011) ( s 3) fmagsu, et at., PP s ’ integrated FePt(001) peak

intensity and relative strain.

S
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X/\‘\/&{fkiu\ ?ﬁ,ﬂ%i@b:ck ZD Llo-FeNi *Bo)ﬂéﬁi‘

M oz, KA R, TR LT EiE FIA, AT S C1% -3
(AL K244, JASRI-SPring-8°)
Formation of L1, phase for FeNi by sputtering and rapid thermal annealing
T. Y. Tashiro, M. Mizuguchi, T. Koganezawa*, K. Sato, T. J. Konno, K. Takanashi
(Tohoku Univ. IMR, JASRI-SPring-8°)

XU®HIT

L1, 24 O Gt & &~ MR BHE S O — R RUER F ME(K) 2 F8 BT 5 6 D532 < | FePt =° MnGa 72 1L A
vy b= 2A5H TR FA SN TWA, Llp-FeNi A4, Zili7et Bl TR S T A I bbb 53
W E K(1.3 X107 erg/em®)VE T2 2 L b, LT 7 —2A « 7 U —BEFAMENE LTHIE STV 5, us)
L2 6, BAI-ASHRAFER O T F X — 0NN S W, HA-RERIZEREIREE 23 320 °CY LK<, 2L
SLBRIZ X B HANBIZIZE R 2R AL ETH 5, Bz i, 7</\°y57%9:%\ﬁﬁ{ﬁ?&ﬂfi(RTA)”%fﬁbWi?/f
IZX Y L1y FHDOE R 2R T,

KRG
WEHE, ~ 7% br 2y 2 ) o 7EE VT MgO001)JEM_EIC FeNi A B L. T D, HZEH
T RTA % i L7z, FeNif&iX, Fe BLU'Ni Z[FIFFE LS IIRAICHE L, RIEESLXORAEREICE TS 1
JEHT- 0 ORI TR L7z, BMLERE, FHREE S L OBVLEIE 2 R rIc 2 b S w70, 1E
L 7= FeNi B2 SWTC, B~ A 7 107 F 74 P(EPMA), Bi=EE 1 T#3HE1(SQUID). X #[EHr(XRD)
x;wéiﬂ‘:%iﬁf&fﬂéﬁﬂ(mm K VAR, BERRRE, ARG, Rk A L7, Ll AR E
(2SR 5 M 6D CHREE D FH VAR - 7 — 7 OBLANC X, SPring-8 BL46XU O # AL it  &2 FI i L 7= XRD %

To7
[Fe x nm/Ni x nm]//MgO(001)

e ks 1500———T——T1,— T

MgO JEHR LIC Fe 35 & OYNi % x nm FORIE LI ZRIME (a) L%
FERIBIR: 15,30 nm) DREHI OV T RTA £47 572, Zivb & 4090 4 ]
DFREHZ DU T SPring-8 T In-plane XRD #17->7-2 & Z 5. L1, "d 0/'
HREICRIN T 5 @7 & — 7 AUICBl S e, Soic, T g0l 4 @ ot
BiALHi#R 4 SQUID Z W CHIE L7z & 2 A, B HEE jilﬁ L o _% -
DORHLHTRIZ I\ TIRBEI(H, ) & FERIREL(M, )78 S €% g
Too BRS NIRRT ©— 2 3 X OMEA ©— 7 ORI RELL 0.5 -
B FH LI BEIEES) & R TR & e He, L8RRE @ 0.4f (D) o -
JEBEOM, )% Fig. 1 (2% & 0T, BRBREHCHIS By = o) o i
BEOM, M3 S I L TEORBIE o= b aiymotz, & ool &P i
E72. TEMBE0 S BRI C AL THELTHY . S g4l o, %’ ______
ZIBICEE LT Hy R M, IM, 2385 L2 bis, oogf=—=0% " ., g

0.00 010 0.20 0.30 0.40 1.00

2EX

LR Order parameter S

1) J. Paulevé et al., J. Appl. Phys. 39, 989 (1968). Fig. 1 (a) Coercivity (H, , ) and (b)

2) K. B. Reuter et al., Metall. Trans. A 20 (1989) p. 719. remanence magnetization ratio (M, /M) of

3) M. Mizuguchi et al., APL Mater. 1 032117 (2013). Fe/Ni multilayer as a function of order
parameter (.S).

Eilia

AFFRIL, SCHRN S TC RIS RN ERTEHIF 2CHL S (ESICMM) D B & 52 1 F T T T,



8pC -5 3mSR R AR BELE (2015)

Pd-Sb #5IN L1,-CoPt JERE O #E Sh B a1 & s &R

FREPREL - MRS — - PR
(B ERFERFEFH TR
Crystal orientation and magnetic properties of Pd-Sb added L1o-CoPt thin films
T. Kanou, K. Kakizaki, K. Kamishima
(Graduate School of Science and Engineering, Saitama University)

1. #E
R FEERIC B W TIOR8k 7 Tl ﬁﬁ%ﬁ@mﬁﬁmﬁzxd%ooﬁéﬁ\XEVszyx
ZIGH LT2SFEA T Y 73 ZADMFZEREEANATOIL TN D, Bl 21X, B 1 IRGTIRBEMEIRIZ A B R

ﬁ%ﬁ#:&f@%ﬁ%@ﬁé:&ﬂﬁwténfkb\%E@Eﬁ@wmﬁm%ﬂ@f%é:&ﬂ%\
AEY ELTOEHABRIFSN TS VD, £ TARIFATIX, A B AR 7E 0 13 Rt Emss e
& LT Llo-CoPt &4 % H W= MEMACE A2 BRI L, TEK T HEOFRIUZ M Cllakds X OZULEE
FHORELETV, RERBEEBCEASS Z B E L,
2. RBRA*
BRI, wFm 2 —4y R of ~ 7 b RSy Bk #(00D) o fet-CoPt
B2 W, #—4 > MZiE Co FH(76 mm?) LI Pt F v 7 ©002)

(1100 (111 o
[ e ) SbPd=38

<1 CmD)kiUPd%ﬂ(l em )& [0 72 b O &V, 2 "’k\m

(2 Co (1 em"™) LITHLR D Sb 2Bl LIz b D&l Lz, 3
%?/A“W%25Xm'mnuTL% o, Ar TAZHN *
L. HAE%Z 1.0X107 Torr & L7=, #AENIL 44 Wem® § JL s
YU, ARSI ICHIRIC RIS L2, B, JUE T 5 | o e——— I
KFELIR(10 scem), 500~700°CT 1 BRIBVLEL 21T\, 3t ol Ry o
B a1,
3. WRE LUK “ku_,w; KUY
Fig.1 1%, BUE FAFESGF 600°CT 1 RV L7- 20 30 4;@;0 %Mmm

Sb/Pd Hﬁ@ﬁ%foﬁ % PdSb-CoPt # 0 X #rIHr¥ %759, Lo Fig.1 XRD patterns of PdSb-CoPt thin
HEFEHE D001 ZRA10)E D S OEITAL S EH S, films deposited with various Sb/Pd ratio,
AT OIREHZEBNT fot-CoPt FHOAER AR T 5. H5IC then annealed at 600°C for 1h. in Ha.
Sb/Pd HAt 2.2 OREFCIZODE L b OEYHROZAHL .
TH Y, (001)m A IR < Blm L2 e 70 %,

Fig.2 12245 @D PdSb-CoPt RO REALIE R K OMREE )

@ Sb/Pd HAKAFMEZ R~T, REESIZHOWTH S & Sb/Pd

EEAS 2.0 LU TIIRESRHNICF S RIS Th 523, £ L Bk
b C U NSt T (B 5 /) D PR ) 3 BE K 2 — 5 TN Ji )
DERME TR U, BEEMEIEE 725, 24T fet-CoPt @
WAL A Bl C d 2 (00115 1A AN T 7 A (S B ] L 7 72 8
LEZOND, —F. BHLMEE Sh/Pd oBIMZENEY T s s a0 a w0
L. 2.2 OREHClRUME L 725, ZhUE Sh/Pd s 2.2 DRt Sbipdratio
TR A 1'[:753\%%\%?? Lt Z2 s, P EOREE Fig.2 Dependence of magnetization and

coercivity on Sb/Pd ratio for PdSb-CoPt
M5 Sb/Pd b 2.2 128V T RE 72 \EMALENG DL, thin films annealed at 600°C for 1h. in Ho.
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i P4
1) A.Yamaguchi, T. Ono, S. Nasu, K. Miyake, K. Mibu, T. Shinjo: Phys. Rev. Lett., 92 (2004) 077205.
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H—RF ) F 2 —TIZNE S 7= FePt f80hi— O FH R 48

ATFRARSE, RHIZE, e, BEEAA =),

(ZHEX,

kst
ENGIEN)

ATHE —, ffRiEF, /MR IE

Composition control of FePt particles in carbon nano-tube
T. Maeda, R. Muta, S. Takase, Y. Fujiwara, H. Sato, K. Maeda, M.Jinbo, T. Kobayashi, (Mie Univ, *Daodo Univ)

1. FANE

FePt SORI1-13 % ORLA-OHEE 1T X o THRBEME-CoiimetE: 7 &
ex It E A L, £ OISHFEFITIA < IEFEIXER S B~
DISABIER>TWD D, FePt #ki I —R o F ) Fa—
7 (CNT) ICHNEESED Z & THRE RSOt
AN—Y—=I TR E~DIFHARH/HETED, Lol BRD
BEBREE TR RBIN . BERANA =W — 2 7 TR RBI A 2
WL TWAE, ALV RO SN DI RER D, %
Z T, ABFZETIL CNT ([ZNEL E 72 FePt ok DAL 2 il
SN THR L7z,

2. EBRAE

FePt A4fllitlZ~ /3 har 2y 2 Y v 7HERIZLY
Si FMITHIE LTz, Fe ¥ —47 v h RIZ Pt Fv 7% EE LTz
BWEX—7 > FEHHLTEY ., Pt v 7OKEIZ LY FePt
FEARZ I L7, ONT ORRRIZIZ MPECVD kA2 H LTz, #EiE
fEATIZ TEM, SEM. RESARMEIT AGM & VSM &2 W TEEfE L 7=,

3. EHERHER

Fig.1 12 CNT JEiilZ NEL S 3TV D8k - O #E /Y72 TEM
Wi A R, LI V2 FePt R ELIE Fe77at.%Pt23at.%
Thbd, ZOHEIH MPECVD #EE 4 AW TRE S L
CNT OFToH 5 bamboo HEENHER TE 5, AMFEICEHEW
T CNT DOLED R SN2 HERTIL, &2 TO CNT el
KA DIFEPHER STV D

Fig2 |Z TEM {%b%ﬂhﬁthNr TN E LTV B kL
TORFEE A NI T LD ERT, FePt il DOFARLLE
Fe77at.%Pt23at. % D& BRI I T, FePt JEE N 2 51246 -> T
SAOE—7 13 LT Y | BRIEHEIN & R o 23
ﬂmbfwé’&ﬁbbé ARFIECIIK SR BRG] Al
EBRITEZTHRND T, R FBEOZE I IRE D251k
NREEEBEZ HD,

fRBEAARE L Pr23at.% & Pt0.8at.% DT — & & L+ 5 & [H
UBHETHLICHED LT, PO.7%D il % AV CESL -
CNT AR 1 DIE 5 DSRED AT Z 5N TWD Z &R
Db, TOI LMD, RS FePt il O FA R AKTEIED
boHrLEZLND,

Y H IR ORRR & AR KR L OV D IZEEM
PRREE AR OFE ROV THRE T 5,

| bamboo like structure |

: 200[nm] |

Fig.1 Typical TEM image of CNT which was grown on Si/FePt10nm.
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Particle diameter [nm]

Distribution of diameter of FePt particles.

(1) Q.A. Pankhurst, et al : Appl. Phys., 36, R167-R181(2003).
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ST TIRFEAR L1g-FePt - /B D Ed b CORGGEL M

3 I R S =t o)
IWARE

U R E AR G & A T DL
Model Calculations on Magnetic Field Alignment of Cubic-Shaped L1,-FePt Nanoparticles on Substrate
S. Yamamoto
(iCeMS, Kyoto University)

[TL&MHIC

L1, HLAIREE 2 A5 FePt 1% CoCr RA4? 10 {5 LA & i WO BRAUR 7 MEE S K, (9 7 X 107 erglec) 2 A3
L ENMBNTEY ., TDOF /kit1% 1 Tblinch? 248 2 % J5 3k D i 5 JE 5Lk A D 17 T 5,
F 21X “SiOp-Nanoreactor 15" LRI DB H LWVAEBL— FZEHWAS Z EITL D KRE INY)— CREKSF
PRI, /KIS - BRSNS BT T 5 LlgFePt 7 /Wi F 2 AT 5 2 LITlzh L Tna Y,

L1o-FePt 7 / Ki+ DREKFCER AR~ DI 2 & 2 723856, & ORMLE S Z2 B T 5 il m S8 5
Z LMD CEERRETH D, AP E D LTz L1-FePt F ki & H B EBE L AN RS CRL )
SH L FEIMEMEICENDFEEZ AT 50, BOREMEZSD720I21X 100 T BLE S O TEv i
INLEE L R HRENR D - 72 2, AR TR, SEHRGIRZ AT 5 Ll-FePt 7/ B OBSEEICET 5 EF
VR EITO, BN TRER 2 BRI L1-FePt -/ ki D84 & bl L 7=,

ETIL

SETIRTEIR L1g-FePt -/ khi+ & LT, HWOE S a(m), WALES N EICERE L R DT V%%
% % (Fig.1(a)). Kif-OF i 1L Y 72 SR CHB S TR Y | WIS EN BT 5. SRR O T/
BTy 2 B ISR - TR A R R S D 2 Lic kv oD ki ik, EIRERRICH TET LI L
WEOHNTND I, RFTRRICHET DM TH Y . SEHEIR L1gFePt 7/ i+ DOBA bR TH D L &
RO D, ZDIH, ERIKLFOGE L ITRRY | BT E OR A OBALITERIZEE £ 7213 HATORE
LD & &N TE ARV (Fig.1(b)3 L TY(C)), AFFETIX, WAL ERICEE & 72 5 7= DIZ LB AE LM (o
TRIR TR ORIE & SIS O 7e A D) B L OYMIRIG SR IFIC  D TRET LR 2 53 5,

(c)

(a)

B~

o
-
o
I

Evaporation of
solvent

Fig. 1 (a) Schematic representation of (a) the cubic-shaped L1,-FePt nanoparticle with an edge length of a nm, and the cubic-shaped
L1o,-FePt nanoparticle on substrate (b) before and (c) after evaporation of the carrier solvent. Here, M, H and « represent
magnetization of the particle, external magnetic field and the angle between M and H, respectively.

L Z &N

1) S. Yamamoto et al., Appl. Phys. Lett. 87, 032503(2005); S. Yamamoto et al., Chem. Mater. 18, 5385(2006).
2) J.A.Bainand W. F. Egelhoff Jr Appl. Phys. Lett. 88 (2006) 242508
3) #ilx1E S. Yamamuro and K. Sumiyama Chem. Phys. Lett. 418 (2006) 166.
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FePt@PbS-2t 7 @3 = VLT 2 Ri D A Xl & e b

AL
(RS R P B - R & AT DL
Size-controlled synthesis and magnetic properties of FePt@PbS-core@shell nanoparticles
S. Yamamoto
(iCeMS, Kyoto University)

[FL®HIC

FEREVERT B2 W e REHERIC L 0 | BeMET B ORFEZ ST 2R AT < b ifsE s T
=D, BEVET ORI & IEREMEAT LT BT B 72 BT 1 B A~ — R T R A/ S W T O R
PEIZIZR D LR R o, —JF, Btk 2R RK i 2 IR B CHE T 5 27 @Y = VAR ClE R
o R R A S LT BERARE DS R E S BT D ERM LN TS D, Lo LA, BB =
MR & DBEEEEZLICBE L TEE SN T D 00, ¥ 2 VHHOREDOE(L N RIFTHEE R L
Tl ABFFETIX, FePt 7/ KiF-ORE AR % 72RO PhS 2447 L 7= FePt@PhS =27 @ = /L
JRITEARR L, OGS - BEEEIC OV TR L 7=,

RERAE

a7 &b FePt 7 R FiX, Sun HDJ
EICHRL-ER 373 O D& FH Lz,
FePt F / Ki# @ TD PbS ¥ = VIERIZ, 7
A UFEA T, FePt ) /2 Ki¥. PbO, A LA
VBELAATDE RN —n—F T FNT IUHET
RIGZELZ EICEViTo Tz, Bon = ko
R - BERUERPEIL, XRD HIE, i E -5
TEE(TEMYBIZE, VSM 12 X B BHMEHIESEIC &
0 R L 7=,

BRI UER

80-170°C » ¥& 72 2 RGN R T PbS + = /b
TR UG 24T - 7o 3k TEM 18 % Fig.1 (2R
T WTHNOIGREIZBW TS FePt /KL
F-FRMEIZ POS v = VAR L TERY  EIZ PbS
VR EBRISREICERKF L TND Z

RN D, BETITEROZEME ORS¢ Fig. 1 TEM images of the FePt@PbS-core@shell nanoparticles
prepared at (a) 80 °C, (b) 110 °C, (c) 140 °C, and (d) 170 °C for 20

SEFEICOWTHIET 5, min.

BE IR

1) #EEL T, (a) Green, M. Small 2005, 1, 684. (b) Cozzoli, P. D.; Pellegrino, T.; Manna, L. Chem. Soc. Rev. 2006,
35, 1195.

2) #lzI. (@) Lee, J.-S.; Bondnarchuk, M. I.; Shevchenko E. V.; and Talapin, D. V. J. Am. Chem.Soc., 2010, 132,
6382. (b) Kim, H.; Achermann, M.; Balet, L. P.; Hollingsworth, J. A.; Klimov, V. I. J. Am. Chem. Soc. 2005, 127,
544,

3) Sun, S.; Murray, C. B.; Weller, D.; Folks, L.; Moser, A. Science 2000, 287, 1989.
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) NIE = T RS A MR ORI KON SRR AL A

NTFxy KTy Uy X7 U ik BY, &I & 7Y Yar w5 BE RI
(WAEBSLRZ, WEM B FerstE)

Preparation of Silica-coated Magnetite Particles and Evaluation of Their Magnetic Interaction
Balachandran Jeyadevan, Fukunaga Mayu, Furukawa Etsuro, Cuya Jhon, Miyamura Hiroshi, Mamiya
Hiroaki*

(The University of Shiga Prefecture, NIMS*)

1. #&

UTHE, BEMET RIS MIRBVERIE~OFI AN STV D, Lo L, BEREHEICE K 3 5 320 & DR
ek L & X5 BT, R -ROBKHMEERANBELE 22> TV 5D, 072, ki1 AEVEH O R
RE CORKFFERE N LEARR R Th D, KL TIE, ~ 7 2 ¥ A bF /7 ki1 (MNPs)Z i % FERENEM TH 5
VU BT L, R AEEROREEINZ 5 Z LT, R ARROBESEEDO L 2 A T2,

i

2. EBIGE

A UA VBB E O 1A 2 2 F oS M % T & T MNPs 2437, A LIk 74 o 7 o
~% ¥ & IGEPALF CO-520 OIR G * o0 |

cmx, oM Lass, 7oe PR @ e ¢ s
=TREAL R IABET T EFATEOS) [ S s L e T o

s

Nz . Bit~D ) hE w217 -7, {ER u- pasf M: Ml = 5 kO, = 5K)
L 7ot ORI 6 L O ARFEAm (2 12 i A
B BEME(TEM) 2 A\ 6 s AT 121X
X #REPT(XRD)EEE 2 e, 72, Rk
REENTIC I3 7 — U =B HiR44 53 e (FT-IR)

SEE A M T, BRI 13, R e
mHL Wby T H T O L AL R R LD f(i)il[e(li' %Simz(lg?anoét:rﬂic; Fig. 2. Zero-field-cooled and field-

FORC(FH‘St Order Reversal Curve)%i’ﬁq magnetite particles, 7.8 nm and cooled curves of silica-coated MNPs
with an average diameter of 7.8 nm.

.\
D205

MM,

0154

-
010

0.05H i

W=, silica shell thickness, 20.8 nm).
3. WRLEBE
AR LIHRIE 15.0 5L UV 7.8 nm O MNPs & s i1 (o) S
Before coating 10 1000 Anerzn.anm.:oarmg 4

HAWT, 7 =7 /KX TEOS O &, MR %2

BILEESH LT, BE 2.6-28.5nm DY I T A\
7 MNPs O/ERUC % 2h L7=(Fig. 1), 7=, >V . (@‘)

500

Hy (Oe)

Hy (Oe)

LR =

-500

BRI D MNPs OB % WIE L7255 R :
U B REIEDOVER &I FRESGHm A TOMRE— 0w e o o e o
BRALA RO & — 7 i (77 v % 7, Th) Fig. 3. FOR:I diagrams of MNPs (7.8 nm in diameter), (a)
DA Lf’_(Fig. 2), BT, K FFEIFHBEAERH OFE  before and (b) after silica coating (shell thickness, 20.8 nm).

filiJ5 15T d % FORC XfRTICIHVTH, AL

Mess Hu 1a OWEAS Y Lz (Fig. 3) o ##I2, KIfE 7.8 nm @ MNPs (2300 T, B 20.8 nm D Y U #
BaAT SRR, A OBEOGEI ORI K Lz, Ko T BB ORI EEH O EL Mm%
FEL LT, FORC KOS L) T 5 Z & 2 EBRANTFEN LTz, S 7R DMK IC X 0 | BEAUR
BRIEICHIV D MNPs ORGHI DWW T, Bz it OB R BHIRFT&E 5,
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HPRiE & 7 T v 7 AHRIC K % (Cu,Fe)Fex0s fthi+- D /ERE & Ryt aTAh

Hawa Latiff, FEAGRKE, MIFIEA. Sonia Sharmin, =Z4dh
B R FHEW E R A se R
Characterization of (Cu,Fe)Fe.O4 nanoparticles obtained via coprecipitation and flux methods
H. Latiff, M. Kishimoto, H. Yanagihara, S. Sharmin, E. Kita
Institute of Applied Physics, University of Tsukuba
Introduction
Magnetic nanoparticles such as magnetite (Fes0.) and transition metal doped ferrites in the form of MFe;O4 (M=
Zn, Mn, Fe, Co, Ni etc.) are promising materials with intrinsic magnetism whose stoichiometry can be
manipulated to tailor their properties for specific applications. Most spinel ferrites usually crystallize into a cubic
lattice structure. Copper ferrite, CuFe-O4, may exist in cubic and tetragonal symmetries. The structural phase
transition occurs as a result of the Jahn-Teller effect and is typically accompanied by a Jahn-Teller distortion in the
structure. [1-2] This lattice distortion along with its effect on the realization of ferrimagnetism as a consequence of
the Cu?* cationic distribution is of fundamental importance. We aim to investigate the control of lattice distortion
of Cu doped spinel ferrite particles. In this paper, we report the fabrication and characterization of Cu doped spinel
ferrite nanoparticles obtained by co-precipitation and the flux treatment method.
Experimental procedures
The samples were prepared with the addition of Cu?* of different molar ratios to
FeFe204 (CuxFeqxFe204 (x=0, 3, 13, 50%)). Aqueous solutions containing Cu?*,
Fe?*, and Fe®* were mixed with NaOH aqueous solution to form a precipitate.
The precipitate was then mixed with KBr flux, and annealed at 850°C for 3 20 30 20 50 60
hours. The obtained particles were then rinsed with water a few times to remove — )
the flux. Finally, the particles were reduced by in hydrogen gas at 380-530°C for
3 hours. X-ray Diffraction (XRD) and a vibrating sample magnetometer (VSM)
were used to characterize the materials.
Results
Figure 1 (a) shows the XRD pattern obtained from the sample with x=3% o w ‘fgeg_) 0 e
before reduction with Hzgas. The confirmed hematite corundum structure is  Fig.1. XRD patterns of sample
due to oxidation during high annealing temperature. After reduction, a single  x=3% (a) before and (b) after
spinel phase could be confirmed (Fig.1 (b)). Fig. 2 shows diffraction patterns  reduction with H; gas.
after reduction for samples with increasing Cu content (x=0, 3, 13, and 50%). cu?/(Cu*+Fe?) ratio
Single spinel phase was obtained for sample x=0, 3, 13%. A slight peak W
attributable to Cu is observed when the Cu content is increased to x=50%. The 5%
crystallite sizes calculated from Scherrer’s equation were in the range of 30 — J i .
0%

Cu:3%

(a) before reduction
Hematite

Intensity (arb. units)

Cu: 3%
(b) after reduction

Spinel

Intensity (arb. units)

(arb. units)

50 nm. The saturation magnetization of the sample with x=3% is 37.4 emu/g
and coercivity was 171 Oe. By using this fabrication method, we were able to
dope up to 13% of Cu and obtain a single phase spinel structure. All samples

Intensity
%
X

spinel (220) 0 (400) @223
were cubic spinel and we were not able to find any Jahn-Teller distortion. In o = o = o
this case, further control in the annealing condition is necessary. 20 (dea.)
References Fig.1. XRD patterns of samples
x=0, 3, 13 and 50% after H, gas
1) H.A.Jahn and E. Teller, Proc. Roy. Soc., A161, 220-235 (1937) reduction.

2) T.Tanaka, S. Fukae, M. Chiba, H. Okimura and Y. Koizumi, J. Magn. Soc. Jpn. 20, 265-268 (1996)ss
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et J R0y BUR D AZ ks A Fe & S8 BV D iR BA

AR, KRENE R ANT T U~ AR R SN, B2 50l B A A
(FURK . NIMS™)
Dynamic hysteresis loops and explication of heat generation mechanism
T.Kuroiwa,K.O‘[a,A.Hawa,M.Kishimoto,H.Yanagihara,E.Kita,H.MamiyaA
(Univ. Tsukuba,NIMS*)

FC®HIZ

IENADIEFRED—2 L LT, BAZBRMICINE T 2BKIEEVRIENER ST\ 5, BIKIRBELE &
WIREMET 2 R R 2 3 AIZEER S8, ARG OFIINC L 0 B S+, ﬁ>h%%ﬁéﬁé<‘:b\9%ﬁ)f
HD, LU ARICHINAREZR R OIERICITHIR N 5 5 7o, BEKUREVEIEZ BT 5 - DI @msh=®RIc
T DT )RR EZ BT 20BN H D,

WRARHZ 08 U 7=ttt 7 B IS AR 2 FUIN U 72 BR O BEAE 121 TRER B A7 U AR Bk
PEZHRBND [R— VBRI, K OREESEENC KD 7T 0 U8EfMm NEZLND, ZIbDR~DHEE
VEEIINRE R OYRIE & AR BIEIFT D, T 2 TRMET Rk & LTt ki % v, @shRIc
HEAT D12 OEB AT 5, Z 2 CIlEBHZ Lo m BB R A B L0 FHl L 7= 2 FE O e T/
KL D AZTREAC BRI DO W TR O TSI D BIZ DWW T T 5o

EREE

AHFSECRHFS U 7o B B s A 25 1 Ol LC R A W BRI KD AT A Vv B — 5 v A DR,
FloEEREETCHLT-DU vV (B 1K 2EBIRPLORE T o 72, BRNEATIZITY v fi%E
FAWEE 100 DY L A FaA v (£ 14mm,E & 30mm) & V7o, BAEBEICITER 25 0 8 DT v 7
Ty T a4 vERW R ESNTERLESET VX VAR R a—T JEMEE L MH g% FAEEE LT,
FIIN AT BE 72 B SRR 12 400kHz LA F T 6000e, 1MHz BLF Tl 3000e Th 5, !

EERER
2 M ORI ki & U CBR B GEORRO RS Bk~ 7 ~~A bhif (DINP?), Bk~ 2%
XA MR- (SCF3”) O TEM BEZ[X 1, K 2 (2R T, Bk~ 7~~~ A MR -1 Z AR 23 K & < (30~50nm)
BHFHIARIC L DERE TN S D R LITERERE AT UV ADEEBNRREWEEZ NS, —H.
Bk Co N~ 7" 2 Z A ML I3 LERRPRIZE AN & < (22nm) | ARG TEDMEES C ., SREWERE 1 3RE
BERE SR L TN 2 & Il S B AR Tieksg b FR - 8L L 7=, SCF2 3k & B i Ll fR O R RN E 2 2 b &
| EFEAR T MH #ifR & T2 & BB K AN OBNNEEL TV D 2 EAURE Sz (1K 3),
TR IR EE SN LT, BEREME 7T U RO FEGIZOWTERT S,

. 23 : - -

X 2 -, 50nm [Oulhase shit o duta=142576e0)
El*HWK%M%Eﬂhf/M% X 2. BRAK Co ¥RMN Fe;0, 30MEMERI 7 X1 3.SCF3(100kHz) DA AHZ 5 L
(DINP) (.SCF3) 72 MH ith#t & DC T MH ihf

XA 5 38 ERERFES(2014) 4aF-12, 2) M. Kishimoto et al., IEEE Mag.49 (2013)4756, 3)E.Kitaetal., J.
Phys. :D.43 (2010) 474011
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T/ BEMERLIC B I DR ERT UV R « A7 —1U 7 ke
VEREEKEE . /’MRIE, X.L.Dong*, L.Zhang*, #f i
(& FRL, HE-FEHE TR
Magnetic hysteresis scaling for ferromagnetic nanoparticles
T. Sato, S. Kobayashi, X.L. Dong, L. Zhang,T. Murakami
(Iwate Univ., Dalian Univ.of Tech.*)
XL IS
SREGMER DR E AT U T A « A7 —U 70, BPRHRRIEREA O ELrs
WHLERBLR TR R 2TV D, BIZIE, v~ T — L —F D 2T
U v 2K W & BB AR FE BREOIZIX, NEHER 14 DR —)
JHIRE Y ro[1], LacL, \EOWIE TIE, BRIz W\ CREED
FERSHIR BN 3 SRR 72 SV 7 B CHERR ST DI T % ABFZETIL,
WEAVIETHR S F 7R RS T do D T/ TR CRL-88 ~ IR [ R AL DL
T) OARTF—=U 7R RFE L T2 OTHRET 5,
KERA %
Fe,Co,Ni & 3 FiIHDFRBEMIER BB I HOWT, KET T A~ e
B2l E VT iRiRE T am %k CEARIPE Fe:24+10nm  (Fig.1), mic'rograph of Fe nanoparticle,

Co:54+9nm, Ni:41+11nm) K& UVK#H 14 CEERIFE Feid7T+24nm, obtained after Liq.N2 cooling.
C0:94+30nm, Ni:16+4nm) Dt 6 FfHD -/ ki f-5E 2 HE L o .

Tzo XHREIHT(CuK B & 2 fE i, TEM 852, KO b e
SQUID BAGHT & D5~ A F—/L— 7 WI5E (£ 10~300K) e

EAT o712, “Fl—oco

SRR i —

=
=

Wiile enufz)

Fig.2 12, IR 800K O~ A F—/L— TR BT, K3k
OBBBHGEL L £ 27 ) L AREDOMOBROFRIT F 7w
AT, RTORBFCEMIELZ R L, WA~ & OBHER 1
B T LByt BRI AU TFORTT 4 v bLEzEZA, |
L TOHERB, BESGHICB VT, S Z L RIZED XK 0.001 0.1 X " " o
Nm=1.42+0.08 #157-, BriCenu/s)

Fig.2 Relation between hysteresis

B2\ m We*: b 27 U & A 30K loss and remanence of minor loops
Wi = W2 ( R) Wi A F— L — 7 RSk taken at 300K
F ™\ B, Br* : R BATEER na S %K

1600 T T

ZORERIL, U mBEIERIIC B W T bR A 7 — Y RN i — L v
AT A LA RL TN A, 1400 | IF; o
Fig.31C Fe iMEHT BT B~ A F—/L— T E Wi DR KT '\

MR, BT Wo BB RT 2 & RERAE E YL\

AU LT B8/ TH Wad B0 30% KX 0D LA R L, S (o, N

IR AP Ni, Co SEFC LB S Ui, —h, BEES 5 1 N e

He 3, Fe B OF Ni BUBHCIHAROR FRAK X UBBICHIAM R 0 [ o T
Bl PAED Wad RO He ORERIT, BARTHE, KT, | T
KT HIEDBLE D & MR TX B L £ 2 b5, Cw m wm m W
SE ()

[1] S. Kobayashi, Phys. Rev. Lett. Vol. 106 (2011) 057207. Fig.3 Temperature dependence of

inor-1 fficient for F 1
[2] X.L. Dong etc.: J. Mater. Res.,Vol.14 (1999) 398. finot-ioop coethcient for Te samples
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Fe 7/ KiBEKD 27 1 ARtk

AR, SRR, PEIOGLAC. MOE, IR Z*
(BR) 7> v —, *FILKREE L)
Core loss properties of Fe nanoparticle assembly
M. Kin, H. Kura, H. Watanabe, Y. Hayashi, T. Ogawa*
(DENSO CORPORATION, *Eng. Tohoku Univ.)

[EL&Ic

Fe 7 / bi FHEA K (FNA) IZWREMEM BHE~ OIS AN SN oME T 5 D, TR E TENA O a7 o AfF
PEIZBE9 D #1372 < . FNA OB FREIECBIRBENE & W o TR 3N 2 7 a0 ARHEIC S 2 2382\ T
DI RSN TV RN, ARFZE TIXRIR 2 (L S8z Fe 7/ RiF 2 MERET A2 Z L1k ->TY 7
TEAR D FNA REH 2B L. Z O TBMLIE %2 & 35 LT FNA OBSRETIN 2 7 1 2R T 38 >
WCRHii 24T - 72,
EBRAE

Fe 7 / ki 113 Fe(CO)s & FRETHTER % UG S B pliBR A 2 IR F TRV RS 5 Z LIk > THk Lz 2,
BREMEREET 5 2 LT, K 4.0nm & 6.5nm D Fe Ki 72 FNFNAER U7, (L L7=F ki 712 L
JEBMLE (~107 Torr, 200 °C) 24TV 3 72 RIETE RIS H Y 2 RE L b o2 Am R E Lz, 20
KEMERIET HZ LT 7R 2 ER L (K1), BLEOIESEIX Fe /b F-OBRMLE T2, 2
FIRLE L KPIRENILIZ 1.0 ppm LLTF D Ar HAFFARD V0 —T R v 7 AR TITo 7z, RS &1 T
& HWT, MR D FNA ORI EARFNEZFHIE L7z, B-H 77 7 A ¥ Ca@zHARY) & FHV CRIEERD
FNA ORIV b it & =27 v 2 250l L7,
ERiER

WAL RO FERLFEIED D . R 4.0 nm D FNA Tl 150 K (28 TR BAMEERS IRE (T Bl S hu, =il
TITBEREMER R IR 2R Lz, — 5. Kifk 6.5 nm @ FNA Ti% 400 K UL F OEEHRFAIZI VT T A5 R
ST, SIE TR RIEEE 2R Lz, X 2 ICHIBAE D FNA O AZHEAL B (Bna=50 mT, J&#%%
1,100 kHz) %797, I ARTERAL R O S B EARTFNEDS N XN 2 LD IEELITIEIEE L T en s
ENIRB ST, AR R RS D IR ER 2T 2 R A ERRICHER L T A TH
HEEZLND, KL 6.5nmm O FNA TIZMBMEH RO 27 V) o 2088l S, =27 2 2% 100 kHz T 1488
kW/m® T -7z, —J7, ik 4.0 nm O FNA OAZHHEALIIARIT 100 kHz I8 W TH B AT U P AREH ST
a7 a AFPERALL T TH o7z, ZHHORERE Y | BEBIEIREED FNA TIIEELOIEF IS Wa T %
TERICE B Z ERHLMNT -T2,

50 =T 1 SOFT 1 T
d
- - - 100 kHz - - - 100 kHz
— 1kHz — 1kHz
25 25 -
= =
£ E o
m m
25+ —]
(b)
I I 50 k£ I
Fig.1 A ring-shaped specimen 2000 -1000 0 1000 2000 -4000-2000 0 2000 4000
by molding FNA. H (A/m) H (A/m)

Fig.2 AC hysteresis curves of FNA with (a) 6.5 nm and (b) 4 nm in diameter.
BE Lk
1) H. Kura et. al., J. Magn. Soc. Jpn., 35, 203 (2011).
2) H. Kura et. al., J. Phys. Chem. C 114, 5835 (2010).
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FVUANT I BRI T ) ki A& T2 gk T kL D AR

INIFEZ . ORI ES
CRAE R T)
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Fig.1 XRD pattern of Fe-N nanoparticles. Fig.2 TEM images of nanoparticles (a) before and
(b) after nitrization process.
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