Growth of ferromagnetic nanostructures by focused electron beam and the study of their magnetic and transport properties
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Focused electron beam induced deposition (FEBID) techniques are currently being investigated as an alternative single-step route to produce functional magnetic nanostructures. In the present contribution, I will present the results of growth and characterization of magnetic nanodeposits obtained in Zaragoza and in collaboration with other groups from Imperial College (London, UK), Eindhoven University of Technology (Netherlands) and ICMM (Madrid, Spain). Co2(CO)8 and Fe2(CO)9 gas precursors have been respectively used for the growth of Co-based and Fe-based nanodeposits inside commercial dual beam equipments by FEI. 

The Co composition has been found to be strongly dependent on the electron current used during growth. In general, the use of beam currents above 1 nA allows reaching Co contents between 90% and 100% [1]. Electron beam heating effects seem to be at the basis of this behaviour in our growth conditions. In order to verify this hypothesis, experiments using a micro-heater to heat the substrate have been carried out [2]. From the results, it can be concluded that heating can assist in getting high Co content due to the low spontaneous dissociation temperature of the Co2(CO)8 precursor. The coercive field of nanowires with changing aspect ratio has been determined in nanowires with width down to 150 nm by means of MOKE and explained with a model accounting for magnetostatic effects as well performing simulations [3]. Furthermore, it has been found that the domain-wall propagation field is lower than the domain-wall nucleation field in L-shaped nanowires, with potential applications in magnetic logic, sensing and storage [4]. MFM experiments have allowed the investigation of the nanowire dimensions required to show monodomain or multidomain magnetic state at remanence as well as the study of the magnetization reversal process as a function of external magnetic field.
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Fig. 1: (a) L-shaped Co nanowires grown for the study of domain wall conduit behavior; (b) Nucleation field (HN) and propagation field (HP) of domain walls in these nanowires as measured with MOKE.

