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Fig. 1. XRD spectra of annealed FePt (50 nm)
deposited on different isolation layers: (a) Directly
on Si(100) substrate; (b) on Si(100)/MgO; (c¢) on
Si(100)/SiO2.
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Fig. 2. Magnetization curves of annealed FePt (50 nm) deposited on different isolation layers, with hollowed and filled

circles to indicate in-plane and out-of-plane magnetic fields: (a) Directly on Si(100) substrate; (b) on Si(100)/MgO; (c) on

Si(100)/SiO.
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Abstract

Magnetic force microscope (MFM) is a powerful tool to subtly detect the stray field distribution of magnetic film
or particles on a sub-micrometer scale. Due to its huge uniaxial magnetocrystalline anisotropy (Ky ~ 7 x 107 erg- cm™?)
and high Currie temperature (Tc ~500 °C), FePt alloy in an L1l phase is expected to be coated on the MFM tip to
display high coercive force (H.) and to improve the magnetic stability and MFM resolution. A grain size of ~ 3 nm
will be enough to overcome the super paramagnetism. However, the growing fresh FePt films must experience a high
temperature annealing (exceeding 700 °C) in order to transform their structures thoroughly from a soft Al phase into
the desired hard L1y phase. This brings the risk of diffusion between FePt coating layer and the underneath Si cantilever.
Several admixtures have been attempted by other researchers to obtain granular films with FePt grains separated by
oxides, with the purpose to prevent the diffusion from happening between FePt and Si. But apparently, it will be
very difficult to fabricate a separated FePt grain exactly on the top of MFM tip. This is a critical factor to affect the
MFM resolution. And discussion about the influence of the interface diffusion is avoided in most of published papers.
Alternatively, some oxide isolation layers with higher melting temperature can be useful for separating the top FePt
film from the bottom Si crystal. In this paper, MgO and SiO2 are selected as isolation layers, deposited by magnetron
sputtering. Subsequently, the FePt films are deposited at 400 °C and annealed at different temperatures (500 °C to
800 °C) for 2 h. The experimental results indicate that the diffusion between FePt and Si substrate always occurs in the
absence of any isolation layer, leading to a reluctant maximum H. of ~5 kOe for 50 nm FePt film. However, the coercive
force could remarkably exceed 10 kOe if an isolation layer is used. In the case of MgO, a maximum H. of ~ 12.4 kOe
for 50 nm FePt could be stably measured. However, the annealing temperature must be lower than 600 °C to hold
back the occurrence of brittle cracks in isolation layer. Because of the smaller lattice mismatch and expansion coefficient
difference between SiO isolation layer and Si substrate, the highest annealing temperature could exceed 800 °C when
replacing MgO with SiOz2. The H. of FePt film could be adjusted in a range from ~5 kOe to ~15 kOe by changing the
annealing temperature. These findings greatly benefit the fabrication of FePt-based MFM tips with high H.. And it is

expected to be able to effectively enhance the resolution of MFM image.

Keywords: FePt film, Si substrate, oxide isolation layer, annealing
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