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Ordering Process and Size Effect of FePt Magnetic Thin Films

BiEERT - EHIE Y. K. Takahashi and K. Hono
g - MEIFAHRE  National Institute for Materials Science (NIMS)

o M 1-2-1 (T305-0047) 1-2-1 Sengen, Tsukuba 305-0047, Japan

This paper gives an overview on the characteristics
of A1—L1o ordering of sputtered FePt thin films. Mi-
crostructural observation results suggest that the in-
sttu ordering of FePt films progresses by the disconti-
nous ordering process at low temperature (300°C), and
this result has been extended to interpret the ordering
process of FePt nanoparticles. The effects of using
additives to decrease the ordering temperature of FePt
continuous films and nanopariticles are discussed. The
experimentally observed size effect of ordering of FePt
nanoparticles is explained by using the Bragg-Wil-
liams approach. Finally, the effect of interfacial dis-
ordering on the magnetization process of FePt nano-
particles is discussed.

Key words: L1,-FePt, ordering, thin films, magnetic
properties, nanocrystal, nanoparticles

L FL®IC

AR, 1 Thit/in? #8Z 2 EE T ERT 5 L5 H
& LT, WKECEABE ~v F, ES0EEIROME
PREIHNTITh N TV 5. WKECHEHERA IS nm BE OM®
BRI F s FEREME < ~ U o 7 Pic B L ol T, +
5378 S/N %18 5 1o D IR SRR O & 572 2 it
WRDONTWS, BKHNHIL U SRR AE nm

BEOY A XICETHMban 3 &, KV K, BEES

A, V: KTOo@RE) TRINIHNTFORFE 2L
F-REDOL, Bz xVF -1t &k BRTORLKEELREC
L5103, IhEBSCIBDIIEVWE Mz VE—%
bOMBIEEIAL L THERAT ILENS Y, ZOBRMO—
2 LT LI HOBAIEETH % FePt HMBEHEI R TV
5. Llo-FePt#HiZ, ciliAmjic Fe & PtORBBHEELAE
L, 7X107erg/cm3® D EIEFICK 2 BERMSER L EE
T5., ChREBITOBEEME TH % CoCr BEE&£ictb LT
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SIS, BEmfIE, RANLEE KRS W - foRRE
MeHb FESILTLOMEED S BHFIC Llg-FePt + /
KFOrERS L CRANLBEOERICER L, BBETH
% (TEM) % F \\ T FePt @R O & OIS % 5
KRRET L7z, ARTl, Bl OMEHERE TH 5 FePt
JEDHAMLETES & U FePt KL FORANLD 4 1 X%hE
ZHUMCRAN L, RESREULD X H = X & LIEHEIRET
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2. FePtEHEOHAALIATE

FePt O 20 72 B RIRAIZS BERS (T0) 1 1300°C &
FEEITH . DDV E4E%E 1300°CLLE TRER)
fb%, ZRICEZANTOLHALEDOF 257 1+ 7 205
<, RHRAREZEFHET A ENTERL, ZORE,
FePt OEFETFHROSEL TREXANBER T OHAE
1213 1 @ L1y-FePt MBS0 3% —5 T FePt HiE%: 2
Ny FEREDTIHBEGETERT 5 &, BEHICEET S
T %8B L7 Wicdic, BIRER TIRELRE fec AARAI
HH (Al &) PR S N 3. T DHEZEE A1 FE% L1 38!
FICERRXEE:DI13, BTFORKEHEASKELLED
T, Tn/2 D600 CIEETOBMBEBMSELILE, IT
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BIIE%E 5 & FePt OHAULD A 75 & FRFOMA(L &
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EEAETREEANA S EICREORENH S, <D
FeHIKR TOBRMIEIC L 0 Al FE% Lo B AL
SHBLENDY, ZOLHICHANLEELERIE 31
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NIPEETHRANLEEITI R B I EBTEBZDTIREY
MmEEZ, 300°CITIMENL 72 475 R EMR_Fic FePt % fE®]
L, BRIEE% CRIEHEAIE S 7508 F2E D L1,-FePt #&
ROEBUCRRIN L 721, & S5i, HRANLORERER %H
N3 &L FePt OEBTORANLBEZHS M L
f:ls).

Fig. 1 KEEB LUV 300°COEREE TR L - EE
300 nm @ FePt &R D S & RS H. D BILEREHKF
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Fig. 1 Changes in the coercivity and degree of
order of FePt sputtered films deposited on glass
substrates at RT and 300°C as a function of the
annealing temperature.
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BEDF / FREBEE 7 ->TED, SAED » SHEANEAEL
I TOWROWI EWbM 5, H NS WO IRENHRRY
L TWiEWiehTh 5, EE 50 nm OFEETIIH 5 nm
DERRIOPITRHITREN S & D ICEERARE L 2K
BFERRIAS WL OhBIESNE LD, F/ E- 48

BARGAERESEE Vol 29, No. 2, 2005

ABALY T . -
10F @ s -8
N X (o) HC ]
= 0.8F I
=B 1%
O osf 1 O
© o 1, X
© F 14 o
@ 04} 1 X
g C i
O o2f 72
0.0 asl 2 PR ..nu-o .
10 100 1000

Film thickness (nm)

Fig. 2 Changes in the coercivity and degree of
order of FePt sputtered films deposited at 300°C’
as a function of the film thickness.
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Fig. 3 TEM images and SAED patterns of FePt
sputtered films deposited at 300°C with thick-
nesses of (a) 10 nm, (b) 50 nm, (c¢) 100 nm, and (d)
300 nm. The arrows indicate the abnormally
grown grains. [Reproduced from JAP, 93, 7580
(2003), with the permission of The American
Institute of Physics.]
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Fig. 4 Cross-sectional TEM images and SAED
patterns of FePt film with a thickness of 300 nm.
[Reproduced from JAP, 93, 7580 (2003), with the
permission of The American Institute of Physics.]
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RV RILEIC L O BERNPKET 5. COBEE
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Fig. 5 Schematic image of discontinuous ordering.
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UL T O AEMEEHANLONBERMHETH 5 T & AT
Licflidis v, Saito & KIFE&EL I RED SHRAMEDS
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X, FEATROSRRNRN Lo SRR 550
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%, ¥1z, Jeyvadevan 53 FE Y A —vTak 2 EHWE
FePt + / MIFOARKICE VT, RIGEEAECTAI L
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WO E D e FE URBTHRIEL /o FePt #ET, /&
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Mori®" i3 L1, #5%& % & CuAu 7+ / M F 5 EFFAMEN
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IKEERT % & LTV 3, MKEDEHEE OSSR+ 0 3
AZXBEm Ot -5 — KB bIEns, HAGETHS
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FePt fiF2NH s/ 5= 5 —EEEAERL, Z0
HAF I > W TR £2T- 1. 75 =2 5 — %I FePt
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WEET 5 Sk DIERIL 2%, 2 0@ mic b B LR

Fig. 6 TEM images and SAED patterns of (a),
(b) FePt(0.5 nm)/Al;03(0.5 nm) multilayer and (c),
(d) FePt(0.5 nm)/Al:03(2 nm) multilayer film after
annealing at 600°C for 192 h.
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SiEREDFePt R FORBEIR>WVWTHIRETLTW
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SHEEELESE BT LI DEEL . Fig. 6 1213 FePt-
AlbO3 75 =25 —JEOHEANDTEMB .25 T. (a)id
FePt D {ATESD RN 50%, (b)1320%TH 3. #hEh
600°C T 192 BRI O BMEZ 1T > TV 5. (a) DR T
134 8.1 nm TSAED ¥ % — v & 0 L1, #:& Ic AL
LTWB I &b b. —F (b) T, EERFRIZHN 3.5
nm T SAED /¥4 — Y X O FIRAMETH 2 2 L 5bh 3.
Fig. 7 \CEBFHREHTED (110) B L U (111) DR/ HEE
b RES - 1o S ORI FRICHT 2E{LA2RT. E
ERFEDS 3.5 nm LU F CIRIBANESEE C S w2 & aih
M3, SRR 35 nm LU ETIRKRFH A XORD &

-
O
1

Continudusy
film |

© o o
S (o2 o]
T Y T

Degree of order, s
o
N

i 1 1

s 6 8 10
Particle size (nm)

.
W

o
L
C

Fig. 7 Change in the degree of order, s, as a
function of the particle size in the Al,Os matrix.
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Fig. 8 In-plane hysteresis loops for (a) FePt(0.5
nm)/Al;O3(0.5 nm) multilayer and (b) FePt(O.S
nm)/Al,O3(2 nm) multilayer film after annealing
at 600°C for various lengths of time. [Re-
produced from JAP, 93, 71660 (2003), with the
permission of The American Institute of Physics.]
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Fig. 9 Change in normalized 7. as a function of
particle size.
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FHA XL Ty b LI2DOMFig.9 TH 5. KFo
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HEROES, HAMLOBERY 1 X134 150m &8 -T
WBH, BERYA XBERHAVIRRHEHIT X LVF-ITKE
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A4 IKER O EICB W T HFEBOERBTFRIENTE
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S A XREESBRIFE N TVWBO, ok BER»OH
ALICRIF4 1 XIRFEMEA & 5 D I3EERIIIC HEFRAN
TR H B bDE WA B, £all, Miyazaki 513 C <
b w2 2D FePt T ORAIE % EF B - / [E]
i & » TEMICRE LYY, HAMLOBERY 4 X3k 2
nm Th3EMELTVWE, DY A X RIBERMEOER
YA LD S/NEVWDT, HEULO Y 1 XEhRI3EHE <
MYy o PR AEBEINGT 5 &ic kb, BARAF EEX
BEELELBWEZEASNS. —hT, RUEORDE
HAMLOEER YA XL D bRERY A XTHE->TED,
AR DRI S R F O RBKES 0K TR0
BEEMICK I HEEE b S TAREE O TBH I,

5. REARA FePt R TFOBETHHE

Koyama 5 @ Diffuse-interface Bigic E DO T EIC &
5L, F/RFOYA ZGRTHBBESET LicSa, K
FeEOFRESFEEN DT 20 TR, NFRE
D SHEBIEMSET T %4, LloFePt KT ORI RAEIC
BAET 2 RERIMER S 25 Llo-FePt W FOMSHS IS 2
BB, BTY A XOFEDIEVSERICET 2R RO
BNEWRKELBBIDITERTELCNSE, COXIBR
AR O L BB~ DB LTS 120, EESE
L1o-FePt iR+ / RITFAZEER T 5nm ® ALO; TH + v
EvrgalEicky, 44 yBEHRICK D REBESR

$HAL L 72 FePt i FA2/ERIL 1299, 158, HEEE R 10

nm ThH 5.
Fig. 10 iC FePt BIRER B L F ALOs 2+ + » 7 LI
SOOWE TEM 8%/7R7. (a) 8L (b) IBAREFE, (0
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Fig. 10 TEM bright-field -images (a) and dark-
field images (b) taken with the (001) superlattice
spot (c) and (d) and with the (002) fundamental
spot (e) and (f) of a 10-nm-thick FePt film and one
capped with Al;Os at RT.

—— —
I~ (@) FePt 10 nm

-
o
o
o

M (emu/cc)
o

—o— Perpendidular ]
—O~ In—plane

ey -
o o
o [=)
[« o

T

M (emu/cc)
o

_.
o
S
<

Fig. 11 Hysteresis loops of FePt film (a) deposit-
ed at 700°C and (b) Al,O; capped at RT.
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B, (&) BLU () 13 (002) EARKFHMAERVWTRHEBRL
BHEFHELE->TWAE, ALOs ¥+ v ZHHWVESE, ©)B
XU (e) & bic, T2AMIAsERsN TR TE
EHHAMLLTWB Z &b b, —F, FePtiF Lic
ALOs 2EkfiE% L <356, HBIRHEBRSATRE S W/ REHR
2 (d) i 5, FePt & ALO;s DREMNREC L >TWW5BC
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Fig. 12 Temperature-dependent coercivity of
FePt particulate film capped with AlOs. The
solid curve denotes the best fitting obtained
by using Eq. (3).

b s, BEARGH S THE S NI REREE () 3R
FLEMEZEEINTVWE I EH S, (d) DREEHRS
BARAMEE B > TWB b3, FREIEOEAR
#325nm Tdh 5.

Fig. 11 K h 5 OEEOERERA B & CEEAFDOHAL
SR, AlOs * + v ZHE VS, SQUID OBAH
ST H 3 50 kOe ZEIINL T bR LA ffIs € 3 2 &
BTEY, REES13 50k0e PIEEEZ 5B, FePt BiR
BT ALOs * + v AT B LTk D20 kOe THIAL
EHMS BB ENBTELLSICKYD, BB 6124
kOe ¥ TIET 9 5. WALASEh M LREMHcHE 5@
BLORBL-EAM s 2 V¥ —13493.2X107erg/cc
LB, CofEiE, SERIHRBLL - FePt OERHSE
FHEE T7TX107 erg/ce, ANHEBE%A 0 erg/cc BV &
% WETEM IcL 0 RO ONAEENRMOHES N
AiEICBIE—ET 5. ,

FePt ifER OREIEE 2 5 nm &< 95 & EENT
B9 26 nm, 313 nm i<k T 3. AlOs % 5nm A%
fEd % &ick b FePt KIFOEREM 2.5 nm FBE AR
Alfkd 5.
FVF —[EEEAE BS54, RERMZORERLE 3) X
DEIBEZRANF-EEELREL 74 v T4 7T 5,

E(T):E0<T)<1— 50) B

FfZL, Eo BBREGTOx 3oV ¥ —[EEE, HUIBRELE
EBLEWVE ZOEKS, o BRULBRITKET 32 EHT
$ 5. Okamoto & DIRES TIIIEGRFEAH 20 nm LIF
TR—FEEOWLBRETH 5 &, FEHNTEIK 26
nm THbI &, BIURARKARAMEISELEL TS
Lo, FE—FEEORILBREEREL a=15 & L1k,
HUIBE X L TEIL LW & {RGE L #2. Néel-Arrhe-
nius OO EHWT, 74 v F 4 v I LIEER%: Fig. 12
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2T, REAHRA FePt W FORALREzD =

ICRT. Z DR, Eold 3.8X10 2erg, HAU3 23 kOe &
ot EcDIER, KWWTEZOo0b T 20 F— 48X
107 0erg icH LT 2H/NE WV HD &1 > TV BH, Oka-
moto 5Tk - TRENIE—FEEORALAREERT
FePt R FDO 3 V¥ —[ERELERE L ->TWVWE. F1,
Schrefl 5 ik B=A v u~ s %7 4 7 AOFHETIE,
FEARARF OB LERE, REARIED S#bRER
DREC BH—BEBTHEIEIRINTVES, TDLD
I REARA FePt M T OMALRED = R V¥ —FEEEIZ R
AEARBMESEE LBV E ZEFREBEOME LS > TV
305, RERREARE CET LT ERSRITIISHRD
HETH 5.

6. £ & &

KR THRANE L 2 EEOMMmER Z <5 Z Lick D,
FePt MIEOEANLERRIC> W TR L 72, 300°COEMR I
ARAE L 72 FePt @I B VW TRMA L A VF—BLUE
AL RNVFE—-EBIT 512010+ / BRI OEEREEDS
X, REBEICHE > TR CEGERICETT 5. C
DT &G, EEBAULICIRTFORERBUETHLIL%E
R L TWA, T, FePt @ OMANLEE % KKT 5
febicidd 2D 3THRRME EVNBECEHL DD,
F /7 WFICE B & ERE L F—0RNE SN VEEH
H%. LhL, FePticEmrRemfl@Ezsericrs
=27 —EEI>VWTR, F/RFIKBVLTLRFARKYE
FTIEETHRANLT 2858565 5.

F / RIFOEANLI 9 A RIKEESELET S, Chid
WA ZORDIES @R VF—Id 2R RV
F -l X 3HAFFRIZBEEOETICERL T
W3, HANLOBERRR A FOXRES L OCRB T XV
F— kBT BT v 7 RPERICL > TRELE
{fbU, @ FePt OBFEMUERR LD b/hxnds, 51
AR 21T Y BAICRRED Y A JIKEHPRE TOR
HANLAZR T 2 0LEDDH 5.

B ¥ AWEREILKFELBMEIZR O E3sAEE
%, 18 #ZiEt, EIKEZORERAFROMA FRiE
+, ¥E - MR O KA REBE L, KBEARL,
NS & OEEFEOREEA L E L TEEDLD
DOTHy, BEDOIEHSH, CHECEH LTI, AHER
XERBIF AR E RN IREE R EBRETE [+ ~7 o
MEOBEERB 2 7 = X L ORIICE S FeEME A
8| OEMESZ I TIThbhE L1
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