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Synthesis and Structure of IsolatetlEePt Particles

Bo Bian, David E. Laughlin, Kazuhisa Sato, and Yoshihiko Hirotsu

Abstract—solated FePt particles were fabricated by taking
advantage of overgrowth of Fe on Pt particles and subsequent
annealing at 873K. The annealing lead to the formation of ordered
tetragonal (L1,) FePt particles with three orthogonal variants.
The average size of FePt particles could be adjusted to less
than 10 nm and no significant grain coarsening occurred upon
annealing due to the existence of an amorphous ADs layer.
Nano-beam electron diffraction revealed that the lattice constant
ratio ¢/a was approximately 0.97 for the annealed FePt particles
with Fe composition close to 50 at.%.

Index Terms—FePt, isolated particles, 1ophase, ordering, Fig. 1. TEM image and SAED pattern of a-&Ds/Fe/Pt film. The 002 and
TEM. 112 reflections ofx-Fe are marked by single and double arrows respectively
in (b).

|. INTRODUCTION ) _ _ )
an energy dispersive x-ray (EDX) analysis system. The relative

T HE ORDERED equiatomic CoPt and FePt phases Wil concentration in the FePt layers was approximately 45 at.%

tetragonal L, structure are attractive materials for futurg,njass specified. To examine the structure of the pure Pt par-
magnetic recording media due to their high magnetocrystallifgje 5 part of the substrate was shielded from Fe flux after

anisotropies. Future high-density magnetic recording media Bt deposition. Annealing of a-A0s/Fe/Pt films was done at

quire thermally stable grains with size much less than 10 nm.dg 3y ‘for gifferent time intervals in a vacuum better tHzux
this grain size range, magnetic grains of conventional Co-basgfts p5 A part of the NaCl (100) substrate with as-deposited

media with the hexagonal structure become unstable at rogm|, o, /Fe/pt films was immersed in distilled water and the
temperature. On the other hand, the high anisotropy of ordeggd,s \vere mounted onto copper microgrids for later transmis-
tetragonal (LLy) CoPt and FePt phases allows the grains witfjony glectron microscope (TEM) observation. In-plane magne-
size much less than 10 nm to remain thermally stable [1]. FOormgyaiion hysteresis loops of the as-deposited and annealed films
work on L1oCoPt and FePt systems reported high coercivity {fere measured at room temperature with a superconducting
CoPt [2] and FePt [3] films, CoPUAg [4] and FePUSIQ] g antum interference device magnetometer (SQUID).
granular films, and CoPt particles grown on quartz substrate
[6]. For application of the IL,CoPt and FePt systems in future
high-density magnetic recording media, it is important to fabri-
cate magnetically isolatedlbFePt particles with smaller size. TEM observation of the a-ADs/Pt film showed a mor-
In this study, we have prepared separatiglEePt particles with phology of isolated Pt particles with facets. The Pt particles
size close to 10 nm and investigated their microstructures. are highly(100) oriented due to their epitaxial growth on the
NacCl (100) substrate. Fig. 1 shows the TEM image and corre-
Il. EXPERIMENTAL sponding selected area electron diffraction (SAED) pattern of

Sample preparation was performed in an electron-beam g_as—deposited a-f0s/Fe/Pt film. The FePt particles appear
ple prep P 0 be island-like. Many regions with dark contrast are visible

o i ~ )
position system with base pressure less thanl0~‘ Pa. First, in_the images. By comparing TEM images of as-deposited

Pt was deposited on (100) NaCl and MgO substrates keptaq I,03/Pt and a-AJOs/Fe/Pt films, it is determined that the

673K. Next, Fe was deposited onto the substrates with I:’t'dgrk contrast regions correspond to Pt particles in as-deposited

cover layer of amorphou(s_z—) A!QO?’ with a .thlckness larger -Al;O3/Pt film. Obviously, the Pt particles acted as nucleation
than 4 nm was then deposited without breaking vacuum. The de- . : S

. . Sites for the growth of Fe crystallites. From Fig. 1(b), it is
position rate for Pt and Fe was in the range of 0.1-0.4 nm/m [ own that Fe particles arown 0f100) oriented Pt crystals
The total thickness of FePt particle layer was about 3 nm. The P 9 y

relative composition of Fe in the FePt layers was analyzed %V Oe> ?V\?(;:((:jisffterzl:g;l:rgi.r;;?oﬁg particles are textureu(ag and
When a-AbOs/Fe/Pt films were annealed in TEM at

g"ag‘iljrfrg’;éegei‘l’zed:;igm?gy;:'v%i‘iﬁot-he Data Storage Systems cemd73-823K, a gradual disappearance of the reflections from bce
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Fig. 4. In-plane hysteresis loops for a-&;/Fe/Pt films on (100) NaCl
substrate (unannealed and annealed at 873K for 6 h).

Fig. 2. Dark-field TEM image and SAED pattern of a 873K, 6 h annealed E aman s na e S R
a-Al, Oz /Fe/Pt film. Some{111} twins are visible. t
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Fig. 5. &M plot for a 873K annealed a-ADs/Fe/Pt film.

Fig. 3. NBD pattern of local region of a FePt particle. Thaxis of the FePt ofthe I_Ocal reglon of FePt particle was approximately 0.97. The
region is in the film plane and the/« ratio was approximately 0.97. ¢/a ratios estimated from NBD patterns of 873K, 6 h annealed
a-Al;Os/Fe/Pt films were in the range of 0.97-0.98, indicating
the ordering reaction differed slightly from particle to particle.
No significant grain coarsening was observed in the annealed-ig. 4 shows in-plane hysteresis loops for a®@4/Fe/Pt
a-Al,Os/Fe/Pt films. Fig. 2 shows dark-field TEM imagefiims on (100) NaCl substrate (unannealed and annealed at
and corresponding SAED pattern of a 873K, 6 h annealed & 3K for 6 h). The as-deposited a-&3/Fe/Pt film is magnet-
Al,Os/Fe/Pt film. The sample was tilted so the electron beaimally soft with coercivity less than 100 Oe. The coercivities
was parallel to(110} direction. Uniformly dispersed FePtof the films increase dramatically upon annealing at 873K.
particles are visible in the image. The average size of the FaPte coercivity of the 873K, 6 h annealed a;®:/Fe/Pt
particles was estimated to be 12 nm. Some twins (as markedfip reached 3.5 kOe, being consistent with the presence of
white arrows) can be seen in the TEM image. From the direchemically ordered 1, FePtin the annealed film. As annealing
tion of the streaks (as marked by dark arrows), we know théiyne increased, the coercivity increased but the magnetic
are{111} twins. In the SAED pattern, besides the fundamentafjuareness decreased. Our magnetic measurements showed
reflections, (001) and (110) type superlattice reflections due tfvat the magnetic properties of all the a;@k/Fe/Pt films on
L1g are visible. The co-existence of three-variant ordered dbeth NaCl and MgO (100) substrates were similar.
mains in L1y FePt particles was confirmed by high-resolution Since the thickness of the FePt layer was about 3 nm and the
electron microscopy observation [7]. relative composition of Fe was approximately 45 at.%, the areal
Nano-beam electron diffraction (NBD) examination was alsmoment density of the annealed a;®k/Fe/Pt film was esti-
performed by focusing an electron beam probe of approximatehated to be in the range 0.3—0.4 memu/cAnother important
1-2 nm on local regions of various FePt particles. Image platesue for noise reduction in the films is the magnetic isolation
instead of negative films were used to record the NBD patterabthe FePt particles. Fig. 5 showsta/ plot for a 873K an-
and to measure the distance between diffraction spots. The apaled a-AlOs/Fe/Pt film. The absence of data points in the
plication of image plates provided high accuracy in the distanpesitive range ob M indicates that no exchange-coupling ex-
measurements. The common existence of the three variantssia between the FePt particles. The negative valués\biin
the FePt particles was confirmed by the NBD examinationthe range of-0.2 — 0 imply that only a small amount of dipolar
Fig. 3 shows a NBD pattern taken from alocal region in a 873kgteraction is present.
6 h annealed a-ADs/Fe/Pt film. This local region of FePt par- Fig. 6 shows the composition dependence of magnetic co-
ticle has itsc-axis in the film plane. From measurement of thercivity of 873K annealed a-ADs/Fe/Pt films. The Fe com-
distances between (400) and (004) diffraction spots to transmimsition in the films ranged from 31-62 at.%, as measured by
sion spot, it was determined that the lattice constgntratio an EDX analysis system. The coercivity had its maximum at
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Fig. 6. Composition dependence of magnetic coercivity of 873K annealed * = «fema = .

a-Al; Os/Fe/Pt films. Fig. 7. TEM image of isolated Pt clusters.

around 50 at.% Fe and dropped significantly as the Fe con-
centration was close to 31 or 62 at.%. From our TEM obser- IV. SUMMARY

vations, we knew that there still existed sor(r)1e bce Fe phase ingg|ated FePt particles with grain size 10 nm in size have been
the annealed a-AD,/Fe/Pt films with 62 at.% of Fe. As the hanared by taking advantage of overgrowth of Fe on Pt parti-
¢/a ratio of 873K annealed a-AD/Fe/Pt films with relative ¢joq and later annealing. The coercivity of the FePt particles is

Fe composition close to 50 at.% was found to be in the rangeQf,ngly dependent on composition and degree of ordering. The
0.97-0.98, so the ordered §.FePt phase was the reason for thgyice constant ratie/a of FePt particles with high coercivity

high magnetic coercivity. The ratifa = 0.97 was reported in s cjose to 0.97. The grain size and packing density can be con-
CoPtgranular films with large coercivity and it was claimed thgf|jeq by experimental conditions.

highly ordered tetragonal structure is a prerequisite for the large

coercivity [8]. Gonget al. reported that the coercivity of FePt

films was greatly dependent on composition and the highest co- REFERENCES
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