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L1, FePt nanoparticles with perpendicular magnetic anisotropy were fabricated on a heated MgO
substrate by using an atomic deposition technique. The microstructure of the FePt nanoparticles was
studied by transmission electron microscopy and high resolution transmission electron microcopy.
The as-made LglFePt nanoparticles are isolated and have a faceted morphology with a bimodal
distribution of particle size as small as 2.5 nm. A semicoherent atomic interface between the FePt
nanoparticles and the MgO substrate is observed. The room temperature coercivity of these FePt
nanoparticles was measured via both superconducting quantum interference device and
magneto-optical Kerr effect techniques and found to be as high as 6.7 kOe.

© 2004 American Institute of PhysidDOI: 10.1063/1.1827348

In recent years, FePt nanoparticles have attracted mudidanoprobe composition analysis was conducted via scanning
attention since they are considered to be potential candidatésnsmission electron microscopy on the same microscope,
for high density recording media, due to the high magnetiavith an EDAX energy-dispersive X-ray spectroscopy
anisotropy of L} FePt phasé:*® Since most applications for (EDXS) detector. The magnetic measurements were per-
high density media require a proper particle iz nm in  formed with a superconducting quantum interference device
diametey, the size effect of FePt nanoparticles on the phas¢SQUID) and magneto-optical Kerr effe@OKE).
transformation from the disordered Al FeRRtc) to the or- Figure 1 shows the planar-view TEM microstructure and
dered L3, FePt(fct) structure becomes an important isdue. the corresponding selected area electron diffract®AED)
Studies have shown that there is a strong size effect on thef the FePt/MgO sample. These FePt particles are faceted
ordering of FePt nanoparticles, and that small fcc FePt nandnd isolated. The FePt nanoparticles have a bimodal distri-
particles need much longer time to complete ordering upofution of particle size with the diameted; ~2.5 nm and
isothermal annealing 2 Actually, recent investigations have d2~8.6 nm (Fig. 2). The SAED pattern can be indexed
shown that fcc FePt nanoparticles with diameter less than @S the single-crystalline cubif001] MgO substrate and
nm are very difficult to transform to a fct structfeal-  fct [001] FePt, showing a single-crystalline orientation and
though fct FePt nanoparticles with 2 nm diameter were re@ Strong texture. The crystallographic relationship between
ported in FePYAIOs/NaCl continuous layer thin films after the MgO and FePt phases isf001]yqo/l[001]repy
postannealing’ In order to reduce oxidation and sintering, (00Dwgoll (110rep: Due to double diffraction, the reflections
which are often observed in annealed samples prepared 1§ MgO and FePt phases are accompanied by some addi-
the multilayer precursor technique, an atomic depositiorfional satellite spots. The small crystal structure mismatch
technique was used to fabricate the isolated fct FePt nand€tween the MgO(a=0.42 nm and FePt(a=0.38, ¢
particles on a heated MgO substrate. =0.37 nn) structures is responsible for these satellite spots.

FePt nanoparticles were prepared in a high vacuum Figure 3 shows a typical high resolution transmission
chamber with a base pressure 0£50°7 Torr. The particles ~ €lectron microscopyHRTEM) image containing both large
were formed from dc magnetron sputtered Fe/Pt atoms usingnd small FePt nanoparticles. Figure)3shows the Moiré
a FePt target at low argon pressue5x 1073 Torr). The  pattern(stripe contrastin both the large and small particles,
particles were then pushed by the argon flow towafdad]  indicating the small crystalline mismatch between MgO and
MgO substrate heated to 750 °C, mounted on a rotating
holder. The amount of deposited FePt was controlled with
sputtering time and rate. For this study, the total amount of
about 1 nm thickness of FePt was deposited on MgO sub-
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strate at a sputtering rate of 1.2 A/s for 8 s. More details ARl (100)> -«(010)
about this atomic deposition technique were given in Ref. 18. ¢ <., SRt (110) ’ -
Planar-view and cross-sectional TEM samples were prepared ¢+ PR A -

by ion-milling at 5 kV. A JEOL JEM 3010 microscope at 300 % 4% mie « 8, o Sk (200)

kV was used to perform the microstructure characterization. s P BRI 5 ) » % .
¢ : - FePt — MgO

dAuthor to whom correspondence should be addressed; electronic mail:

yzhang@physics.udel.edu FIG. 1. TEM images of the FePt nanoparticles on a heated 750 °C MgO
PCurrent address: Physics Department, University Autonoma de Barcelonaubstrate with the corresponding selected area electron diffraat@n:
Barcelona, Spain. Bright field image;(b) selected area electron diffraction.
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FIG. 2. Particle size distribution of FePt nanoparticles deposited on a heated
MgO substrate.

L1, FePt phases. A fast Fourier transfofRfT, almost simi-

lar to diffraction pattern, gives the information of reciprocal
lattice) was used to demonstrate the phase structure of the
FePt nanoparticles with different particle size. Figuge) 3s

a FFT .pattem of MgO matrix, showmg a cubic phase StlPUC_FIG. 4. Cross-sectional HRTEM of the FePt nanoparticles deposited on a
ture. Figures &)-3(e) are the FFT patterns of FePt nanopar- heated MgO substratéa) Low magnification image(b) HRTEM showing
ticles with different siz¢9, 3.5, and 2.5 nm, see the marks in the interface between FePt nanoparticles and MgO matrix.

Fig. 3], respectively. All of these FePt nanoparticles dem-

onstrate the crystallographic feature of LEePt fct phase
structure, because tHA00} superlattice spots from the L1
FePt structure are clearly observed in the FFT imggeghe
arrows indicated in Figs.(8)—3(e)], while there is no such
superlattice spot in the MgO matripFig. 3b)]. The data
indicate that L} FePt nanoparticles with particle size as
small as 2.5 nm fabricated in this study still showW(®1]
perpendicular texture. The results imply that these smajl L1
FePt nanoparticles were formed at the early stage of sputter-
ing. Because the sputtering rate is higher than the growth rate
of particle, some small particles remain and the others
coalesced to form larger particles.

Cross-sectional TEM of the FePt/MgO sample con-
firmed that the FePt nanoparticles grew in an island
modé>*°[Fig. 4a)]. The FePt nanoparticles are in the shape
of platelets, elongated along ttji@&00] and [010] crystallo-
graphic orientations. The maximum thickness of the
lands,” determined along thg01] direction of L1 FePt
above the MgO matrix, is less than 5 nm. The atomic struc-
ture at the interfaces between FePt and MgO is shown in Fig.
4(b). The data show some distorted atomic arrangements,
with dislocations near or along the interfaces, indicating the
semicoherence between the FePt nanoparticles and the MgO
{220} MgO substrate.

Figure 5 shows a typical EDXS spectrum of FePt nano-
particles. Nanoprobe composition analysis for individual
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FIG. 3. Typical HRTEM images of the FePt nanoparticles deposited on a
heated MgO substratéa) FePt nanoparticles on the MgO substrate with | 8.00 12.00

different size;(b) FFT pattern of the MgO matrix. The arrows indicate the

{220} reflection of MgO;(c) FFT pattern of the 9 nm FePt nanopartidie), keV

FFT pattern of the 3.5 nm FePt nanoparti¢®; FFT pattern of the 2.5 nm

FePt nanoparticles. The arrows (i0-~(e) indicate the{100} reflection of FIG. 5. Tynical EDXS spectrum of the FePt nanonarticles deposited on 2
L1, FePt. heated MgO substrate. The Cu peaks were from the TEM specimen holder.
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TABLE |. Composition analysis of randomly selected FePt nanoparticles (a) (b)
with different particle size. _ 0.2
~ +Fim pans § 0.4 Film plane
Big particles(6—9 nm Small particleg2—4 nm e N \
x 0 § Fimplane| &
No Fe(at. %) Pt (at. %) Fe (at. % Pt (at. %) 2 T g oo
r 2.
1 49.8 50.2 52.0 48.0 32 801
2 46.2 53.8 50.0 50.0 . z -0.2 .
€0 40 20 0 20 40 60 <1510 8§ 0 5 10 15
3 447 55.3 53.7 46.3 He (kOe) Hc (kOs
4 435 56.5 44.7 55.3
5 44.8 55.2 49.1 50.9 FIG. 6. Hysteresis loops of the FePt nanoparticles deposited on a heated
6 49.2 50.8 49.6 50.4 MgO substrate using different measurement techniq@sSQUID; (b)
7 47.2 52.8 52.1 47.9 MOKE.
8 47.9 52.1 47.7 52.3 . )
9 44.8 55.2 48.8 51.2 This work was partially supported by NSF DMR-312129
10 475 52.5 51.0 49.0 and Seagate.
11 48.3 51.7 47.3 52.7
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