Magnetic lithography methods based on nanoindentation and ion irradiation
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Some atomically ordered alloys (e.g., FecoAlsg at.%) exhibit a transition from paramagnetic to
ferromagnetic when they are structurally disordered, for example by mechanical milling or
macroscopic compression [1]. In recent years, this effect has been used to generate arrays of
ferromagnetic dots embedded in a paramagnetic matrix. These arrays can be prepared
following two different processing routes that generate structural disorder at localized regions
of the specimen’s surface: (i) selective mechanical deformation by means of nanoindentation
and (i1) irradiation procedures, either through lithographed masks (e.g., pre-patterned PMMA,
copolymers or alumina templates) or using focused ion beam (FIB). Concerning route (i),
submicron structures have been obtained with two different geometries: periodic arrays of
triangular dots (resulting from the pyramidal shape of the Berkovich indenter) and arrays of
straight lines produced by scratch experiments [2]. Concerning route (ii), sub-50 nm structures
have been created by FIB [3]. Moreover, irradiation through shadow masks (leading in some
cases to sub-100 nm magnetic dots) has the advantage that, because of the low ion doses
employed, no surface roughening accompanies the magnetic patterning, thus avoiding
tribological problems. Overall, the fabricated entities exhibit a range of magnetic properties
depending on their size and shape, which were investigated by means of a magneto-optical
Kerr effect setup. The local character of the induced ferromagnetism was examined by
magnetic force microscopy [3.,4]. Furthermore, when the patterned FegyAly sheets are
annealed at sufficiently high temperatures (i.e., around 800 K), the magnetic properties can be
easily erased due to the annealing-induced atomic reordering. This method may be easily
extrapolated to a variety of other intermetallic systems such as Fe,AlMn, NizSn,, CoAl or
CoGa. Furthermore, nanoindentation can be also used to obtain arrays of dots with
perpendicular magnetic anisotropy at the surface of a metallic glass ribbon with in-plane
magnetic anisotropy [5]. The obtained magnetic structures may have interesting applications,
such as patterned recording media (free from tribological problems and detrimental exchange
interactions) or magnetic sensors.
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