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Fabrication and nanostructure of oriented FePt particles

Bo Bian® and David E. Laughlin
Data Storage Systems Center, Carnegie Mellon University, Pittsburgh, Pennsylvania 15213

Kazuhisa Sato and Yoshihiko Hirotsu
The Institute of Scientific and Industrial Research, Osaka University, Osaka 5670047, Japan

Thin films of oriented tetragonal FePt particles separated by amorphous alumina have been
fabricated by electron beam evaporation. The ordering of the FePt particles without coarsening can
be tailored by annealing conditions. The value of coercivity of the annealed film reached as high as
4.4 kOe. The perpendicular magnetic coercivity of the annealed film was slightly larger than
in-plane coercivity. Some of the tetragonal FePt particles were found to fidv twins and
stacking faults. From our high-resolution electron microscopy observations, it was determined that
central region of the ordered FePt particles tended to leeasds perpendicular to the film plane.

© 2000 American Institute of Physids50021-897@0)46908-3

I. INTRODUCTION portant effects on magnetic properties. It has been reported
that physical gaps of 2-5 nm appear to be sufficient to de-
Areal density in longitudinal magnetic recording has couple the magnetic graifdn order to have a better under-
been dramatically improved in recent years. Future highestanding of the relationship between magnetic properties and
magnetic storage density media with low noise is associateghicrostructure of small FePt particles, we have prepared
with a smaller magnetic grain size and a better magnetidilms with desired nanostructures. It is advantageous to have
isolation among the grains. For a given material, its maxifilms of FePt particles separated by physical gaps, which can
mum areal density will ultimately be limited by thermal prevent grain coarsening during annealing and eliminate in-
stability! To avoid thermal instability, materials with much teraction between the particles. In this article, we report on a
higher magnetic anisotropy are needed for future magnetinew method to prepare films of orienteéd, FePt particles
recording media. separated by amorphous-)Al,O;. We will also present
The ordered equiatomic FePt phase with tetragardgl  the nanostructure of the films as well as their magnetic prop-
structure has high magnetocrystalline anisotropy, close to therties.
10° erg/cn? regime, which is more than one order of mag-
nitude larger than that of currently utilized hexagonal-closed{l. EXPERIMENT
packed(hcp Co based alloys. The high magnetic anisotropy

n rrosion resistance mak FePt compoun . : .
and good corrosion resistance make ltiig FePt compound beam evaporation system with a base pressure of approxi-

an attractive material for magnetic recording media. Thin 7
films of L1, FePt have been previously studied as possiblemately 310 * Pa. Pure Pt, Fe, and A, crystals were

. a4 : : used as evaporation sources. Freshly cleaved Na@D)
magneto-optical medid* Recently, Li and Lairson reported )
; . crystals, and clean polishé@00 MgO wafers were used as
on magnetic recording on untextured FePt compound media . R
. . Substrates. The substrates were kept at approximately 400 °C
prepared by magnetron sputtering on Zrdsks with post-

deposition annealingThese films exhibited very high mag- during the deposition. First, Pt was deposit.ed at0.1 nm/mip
netic coercivity betWeen 5 and 12 kOe. Welkral. pre- onto to the substrate: Then, Fe was d(f,'posned at 0.4 nm/min

: ' . ' onto the substrate with the Pt. A continuous cover layer of
pared films Of(lll.) texturedL 1, FePt particles k.)y Electon a-Al,O; with a thickness greater than 5 nm was deposited
beam coeva.pt_)ratlon. of Fe and Pt metal on ﬁa:llsla_tte_:d o' further without breaking vacuum. The average thicknesses of
thermally oxidized Si001) substrate§.Large coercivity of

. . . all the Pt and Fe layers were set to be 1.5 and 1.0 nm,
about 11 kOe was observed in a 12-nm-thickdPes film, respectively. To also obtain a film with only Pt particles, a
indicating the presence of large anisotropy.

Th ic hard f I icles in the FeP art of the NaCl substrates was shielded from the Fe flux
e magnetic hardness of small particles in the FePlLyq. e py deposition. Postannealing of té\l,0;/Fe/Pt

alloy system generally depends on the structure, the size, ”}ﬁms on the NaCl and MgO substrates was done at 600°C
composition of the particles, and interaction between the Palg,. gifferent time intervals in a vacuum better than 2

ticles. As the formation oL1, FePt particles usually re- . 1475 p5 The NaCl substrates were immersed into distilled
quires adequate annealing to overcome the energy barrier fgf_.o +5 remove tha-Al,04/Pt ora-Al ,04/Fe/Pt films, and
diffusion and superlattice ordering, concurrent grain coarseng,a fiims were mounted on copper microgrids for transmis-
ing during the ordering annealing process may occur if thejo electron microscop§TEM) observations at 200 and 300
particles are in close contact with each other. The graifyy, |n_plane and perpendicular magnetization hysteresis
coarsening and interaction among the particles will have 'mToops of the as-deposited and annealed films on NaCl or
MgO substrates were generally measured at room tempera-
dElectronic mail: bobian@ece.cmu.edu ture with a superconducting quantum interference device

The sample preparation was performed in an electron-
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FIG. 1. TEM image and corresponding SAED pattern ofahal,O5/Fe/Pt

film annealed at 600 °C for 6 h. Dispersed FePt particles are visible. In the
SAED pattern, there af®01} and{110 superlattice reflections due tdl,
together with thel002} fundamental reflections.

FIG. 2. SAED pattern of 600 °C annealadAl ,O5/Fe/Pt film obtained with
) the electron beam parallel to tq&10) direction of the film. Besides the
magnetometefSQUID). During the measurements the mag- superlattice reflections due 1ol, and the fundamental reflections, there

netic field was parallel to th€100) direction of the sub- exist extra reflectiongas marked by arrowdrom {111} twins and stacking
faults.
strates.

IIl. RESULTS AND DISCUSSION extra reflections can be indexed as reflections frdrh1}
) _ twins and stacking faults. It has been reported tidtl}
TEM observations of as-deposited-Al;O5/Pt and twins but not{110} twins were observed in single crystalline

defined morphology with facets whereas FePt particles apq1 reflections, the existence §f11} twins and stacking
peared to be somewhat island-like. As the number density ohts in some FePt particles was confirmed.

the FePt particles was close to that of Pt particles, we assume Figure 3 shows in-plane hysteresis loops for
that Pt particles acted as seed particles for the growth of Fg_a|,0,/Fe/Pt films on the(100 MgO substrate(unan-
crystallites. From selected area electron diffracti®AED)  nealed and annealed at 600 °C for different tim@e as-
patterns, it was known that the Pt crystals wet@0) ori-  gepositech-Al ,04/Fe/Pt film is magnetically soft. The coer-
ented and the Fe crystallites had a body-centered-¢bb® jyities of the films increase dramatically upon annealing at
structure. Thg Fe crystallites were not polygrystallme but fi-g00 °C, implying the formation of hard magnetic FePt phase.
ber textured in th¢100 and(110 directions: _ As annealing time increases, the coercivity increases but the
Figure 1 shows TEM image and corresponding SAEDmagnetic squareness decreases. Our magnetic measurements
pattern of thea-Al ,0/Fe/Pt film annealed at 600 °C for 6 h. showed that the magnetic properties of all ¢hél ,05/Fe/Pt
The FePt particles are dispersed. The average size of thfms on both NaCl and Mg@100) substrates were similar.
particles in this film is estimated to be 12 nm. The averagerne coercivities of the 600 °C, 6 h annealedil,O4/Fe/Pt
space between particles is approximately 4 nm. In the SAERms on (100) NaCl and MgO substrates were 3.5 and 3.3
pattern, besides th@02} fundamental reflection00L; and e, respectively. From the similarity of the magnetic data
{110 superlattice reflections due kd,, are visible, implying  of the films on both substrates, we are inclined to believe that
the coexistence of three-variant ordered domains of the tesimjjar microstructure change, upon annealing, occurred for
tragonal phase in the film. This result was confirmed byine 5-Al,04/Fe/Pt films on both substrates.
nanobeam electron diffractio?NBD) examination by focus- The annealea-Al,O4/Fe/Pt films on both the substrates

ing an electron nanoprobe on local regions of ordered FeR{aq higher perpendicular coercivities as compared with in-
particles. Any one of the thre¢100) axes of the face-

centered-cubidfcc) Pt parent phase can correspond to the
tetragonalc axis of the superstructure. From the NBD pat- 1o [—e— as-deposited
terns ofa-Al,Os/Fe/Pt films annealed at 600 °C for different —+— 873K,

time intervals, it was found that/a ratio decreased as an- 0.5 1lhannealing
nealing progressed. Th#a ratio for a-Al,O4/Fe/Pt film an- = 00 [Te K,
nealed at 600 °C for 12 h is approximately 0.97, indicating a é [ 6h annealing
ordered state. -0.5

Figure 2 shows SAED pattern of a 600°C annealed
a-Al,O5/Fe/Pt film obtained with the electron beam parallel . . . . .
to the(110) direction of the film. The 110 and 100 superlat- -10 N 0 5 10
tice reflections due td-1, and the 111, 200 fundamental H (kOe)
reflections are observed. It should be noted that in the SAE[R|g, 3. In-plane hysteresis loops farAl,O4/Fe/Pt films on thé100) MgO
pattern there are extra reflections as marked by arrows. Thebstratqunannealed and annealed at 600 °C for different times
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[ 873K, 12h annealing fact that the central regions withaxis perpendicular to the
film plane occupy a larger proportion of the whole volume of
the particles.

The presenk 1, FePt particles can be regarded as single
magnetic domain particles without exchange interaction due
to their small size and well-separated nature. For a random
distribution of FePt single domain particles with uniaxial an-

, ) isotropy, coercivity H.~58 kOe can be expectedH(

0 5 10 ~K/Mg assuming uniaxial anisotrogg~6.6x 10’ erg/cn?

H (kOe) and saturation magnetizatioll ;~1140 emu/cr®).® The

FIG. 4. In-plane and perpendicular magnetization hysteresis loops of yalue of the maximum coercivity obtained in the present

a-Al,0,/Fe/Pt film on the MgQ(100) substratgannealed at 600 °C for 12 Oriented FePt particles is much less than the expected value

h). for polycrystalline FePt particles. The comparably lower val-
ues of the coercivities are possibly due to degree of ordering
and thermal effects as the particle size is very small. In order
to estimate the influence of thermal effect, we measured co-

plane coercivities. Figure 4 shows in-plane and perpendicuercivities of the FePt particles at 10 K. The result showed

lar magnetization hysteresis loops of #eAl,05/Fe/Pt film  that the coercivities of the particles at 10 K is less than

on the MgO(100) substratelannealed at 600°C for 12)h double of the coercivities measured at room temperature. It

The obtained perpendicular coercivity is about 4.4 kOehas been reported that the density{d11 twins influences

which is larger than that of in-plane coercivity of 3.7 kOe. In the magnetic properties of single crystalling, FePt films?

order to understand the origin of the difference between inThe {111 twins and stacking faults, and boundaries of three

plane and perpendicular magnetization loops of the annealedariant of crystalline domains in the present FePt particles

films, high-resolution electron microscogflREM) observa-  might have significant effect on the hard magnetic properties

tion of thea-Al,O4/Fe/Pt films annealed at 600 °C was un- of the FePt films.

dertaken. Figurg 5 shows a I_—|REM ir_‘ngge of a typical O/ CONCLUSION

dered FePt particle. The particle exhibits several structural

domains corresponding to the three variants of the tetragonal We have prepared films of F’Y'?”mo FePt partm!es
structure. Thec axis of the central region of the particle is separated bp-Al,O;. The coercivities of the FePt particles

perpendicular to the film plane and that of the other twocan be tailored by annealing conditions. The isolated FePt

orthogonal variants in the outer regions of the crystallite, aréahart[{CISS ShOVIVSF“ng co?rTemng dfurln% ?nr;]eallng.t Spme of
in the horizontal plane. The easy axis of magnetization of thdhe te ragonal Fer particies are found to MD wins
L1, structure is along it axis. The difference between and stacking faults. The perpendicular magnetic coercivity of

perpendicular and in-plane coercivities might arise from thethe anneal(_ad films is _sllghtly larger f[han in-plane coerqwty_.
From our high-resolution electron microscopy observation, it

is found thatc axis of the central region of the particles tends
to havec axis perpendicular to the film plane.

—o—H// plane
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