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Abstract

 Granular magnetic films are a class of composite materials consisting by magnetic grains embedded into the crystalline network of a nonmagnetic material.

There are different methods to prepare such kind of films as for example evaporation, sputtering, mechanical alloying, etc. We intend to present our results using the original thermionic vacuum arc technology developed at NILPRP. The films were prepared by evaporating simultaneously a magnetic type anode (Fe, Ni, Co) and a non-magnetic one (Cu, Ag) in high vacuum conditions, generating two plasmas in the vapors of the respective metals. The discharge burning voltages were of 300-800 V at 500-1000 mA discharge currents. Due to these special conditions the growing films and substrates (100 silicon wafers) were heated up to about 300oC by the thermal radiation of the anodes and also by the intense bombardment of the energetic metallic ions (200-500 eV)


The giant magneto resistive (GMR) effect, measured using the current in plane (CIP) method appears due to the scattering of conduction electrons and to the reorientation of the magnetic moments of the grains in an external magnetic field. The GMR amplitude depends strongly on the diameter of the grains of the magnetic material, the preparation method and the post-deposition thermal treatment. There are optimum sizes of grains as well as their concentrations. At low concentrations the GMR effect is reduced, also at higher concentrations can appear magnetic couplings between the magnetic grains leading to the decrease of the external magnetic field influence and consequently the GMR effect. Our research revealed an increase of the GMR effect with the magnetic concentration increase in the non-magnetic component, a maximum effect being obtained at about 20% concentration.

Due to the used technology the prepared film were without gas inclusions with uniform structures and high compactness. Analyzing the 3D images obtained by atomic force microscopy (AFM) and transmission electron microscopy (TEM) were identified uniform dispersed grains of 30-100 nm explaining the pattern of the GMR effect dependence on the applied external magnetic field.
The GMR effect was obtained without post-deposition thermal treatment, as reported in literature. The explanation can be the heating of the growing film by thermal anodic radiation and energetic ionic metallic bombardment from the respective plasmas produced in pure metallic vapors.
We will present graphs showing GMR effect dependence on the applied magnetic field and the results of AFM, TEM and XPS analysis.

