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FePt alloys with the L1o (CuAuI) ordered structure are important magnetic materials, since their 
large uniaxial-magnetocrystalline anisotropy (Ku ~ 7 x 106 J/m3) provides thermal stability for 
nanoscale single-domain particles. As-sputtered FePt thin films have a face-centered cubic (FCC) 
structure and are superparamagnetic at nanometer grain sizes. To increase the magnetocrystalline 
anisotropy and coercivity requires chemical ordering into the L1o structure by annealing the material 
at 550 to 700oC [1]. The degree of ordering and improvement in magnetic properties depends upon 
the annealing time and temperature, e.g., annealing FePt nanocrystals at 600oC for one hour has 
produced coercivity greater than 19 kOe [2]. An additional aspect of using FePt as magnetic 
recording media is the orientation distribution of the axis of easy magnetization. The ideal 
configuration is a strong crystallographic texture with alignment of the L1o [001] axis of easy 
magnetization normal to the substrate. 

This study involves a series of five FePt-MgO multilayers sputtered at room temperature onto silicon 
substrates with the following configurations (with X = 2, 2.5, 3, 3.5, and 4 nm): Si+SiO2\Seedlayer
(MgO, Ag ~25 nm)\(MgO 6 nm\FePt X nm)3 MgO 6 nm, all annealed at 700oC for 30min. Plan-
view samples, produced by ion milling from the substrate side, were characterized with a Philips 
CM200-FEG and a Philips CM30 equipped with a Gatan imaging filter (GIF) to better understand 
the magnetic properties through structure-property correlations. For example, the coercivity of the 
annealed sample with the 2.5 nm FePt repeat was 11.5 kOe whereas for the thicker FePt repeat of 4 
nm the coercivity was reduced to 6.5 kOe. 

Electron diffraction is a powerful method to investigate the crystallographic texture of these thin 
films [3]. The selected-area diffraction (SAD) pattern in figure 1 and the high-resolution image in 
figure 2 indicate that annealing these FePt-MgO multilayers produces the preferred texture with the 
[001] direction normal to the thin film plane. Tilting the sample so that the electron beam is no 
longer normal to the thin-film plane changes the diffraction rings into arcs of intensity characteristic 
of a highly textured film. In addition to the texture evolution, annealing the multilayers at 700oC for 
30 minutes results in the L1o ordering transformation as shown by the (110) superlattice ring in the 
SAD pattern. In figure 3, the results of elemental mapping by energy-filtered TEM (conventional 3-
window, 30-eV slits, collection half-angle  = 4.8 mrad) reveal the distribution of Fe and O in the 
annealed films.  Interpretation of some aspects of the maps is not intuitive and would be more 
straightforward with the availability of Pt maps (e.g., by EDS spectrum imaging). Nevertheless, the 
Fe maps show the sample with the thicker 4-nm FePt repeat has a more continuous FePt layer than 
the sample with a 2.5-nm repeat. A more continuous FePt layer reduces the coercivity since the 
grains are exchange coupled and the switching mechanism is domain wall pinning. For the thinner 
FePt repeat, the annealed FePt-MgO multilayer behaves more like granular media, where magnetic 
grains switch coherently and individually [4]. 
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FIG. 1. Selected area diffraction pattern 
of FePt-MgO multilayer with 4 nm FePt 
layers annealed at 700oC for 30 min.

FIG. 3. Elemental EFTEM maps of the Fe and O distribution in 
the annealed FePt-MgO multilayer thin films.

FIG. 2. High resolution image of FePt-
MgO multilayer with 4 nm FePt layers 
annealed at 700oC for 30 min.
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