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Fig. 1. The w-20 scan of the (110) plane.
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Fig. 2. Azimuthal dependence of the normalized in-plane remanence for epitaxial Fe films with different dose implantation at room

temperature.
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Fig. 3. Normalized in-plane remanence curves for the epi-

taxial Fe films with different doses of ion implantation at

room temperature.
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Fig. 4. Cross-sectional TEM images for the as-deposited and implanted samples with a series of different N* dose: (a) The as-depos-

ited samples; (b) the irradiated samples dose of 5 x 10' ions/cm?; (c) the irradiated samples dose of 5 x 10'6 jons/cm?.
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Fig. 5. Azimuthal dependence of the normalized in-plane re-
manence for the as-deposited and ion beam etched samples

at room temperature.
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Fig. 6. Normalized in-plane remanence curves for the as-de-
posited and ion beam etched samples at room temperature.
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Abstract

In order to study the effect of ion implantation on the in-plane magnetic anisotropy of epitaxial magnetic
films, a 3-nm Al buffer layer is epitaxially grown on an Si (111) substrate with a miscut angle, and then 25-nm
Fe is grown on the buffer layer. High-resolution X-ray diffraction reveals that the epitaxial Fe film has a (111)-
oriented bce structure. The epitaxial Fe films are implanted by 10 keV N7 ions with dose up to 5 x 1016
ions/cm?. The change and mechanism of the in-plane magnetic anisotropy of the epitaxial Fe film are studied
systematically. It is found that the in-plane magnetic anisotropy of the epitaxial Fe film is gradually changed
from two-fold to six-fold symmetry with the increase of N* implantation dose. It is confirmed by transmission
electron microscopy and etching experiments that ion implantation changes the surface and interface state of Fe
film. This result is consistent with the result from the SRIM software simulation. The in-plane magnetic
uniaxial anisotropy of epitaxial Fe film comes from atomic steps at the surface and the interface of the Fe film.
These steps result from Si (111) substrate with a miscut angle. Ion implantation has effects on sputtering and
atomic diffusion. The sputtering effect causes the step at the surface of the Fe film to be erased, and the
diffusion of the atom leads the step at the interface of the Fe film to disappear. The in-plane uniaxial anisotropy
induced by the atomic step is weakened, and the magnetocrystalline anisotropy induced by the Fe (111) plane is
dominant. Therefore, the epitaxial Fe film exhibits Fe (111) plane induced six-fold magnetic symmetry after
high-dose N* implantation. This work indicates that the in-plane magnetic anisotropy of Fe films epitaxially
grown on Si (111) substrate with miscut angle can be modified and precisely controlled by ion implantation.

This work may be of practical significance for improving the density of in-plane magnetic recording material.
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