Magnetic Ordering in Carrier Doped SnO2:Co Transparent Semiconductor Spintronic System
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Presence of intrinsic ferromagnetism in wide band gap transparent conducting oxides is the key to their use for spintronic applications. Incorporation of transition metal Co ions in the ZnO matrix has been predicted to yield appreciable room temperature ferromagnetism (RTFM) [1]. There have been reports of obtaining robust RTFM in thin films of ZnO and SnO2 doped with 5 -10 at% Co [2,3,4].  The magnetic moment of the Co ions in oxide matrix is in general rather low to meet the requirement of good spintronic material. The potential to tune both charge and spin in transparent semiconductors has led to further interest in these oxide semiconductors [5]. Recently there have been reports of carrier mediated ferromagnetism in ZnO:Co and SnO2:Co transparent semiconductor systems [6,7]. The ZnO:Co:Al system was produced by PLD technique at 450(C on sapphire and magnetic moment approaching 2 (B per Co-ion have been possible. In our case, thin films of the Co and F codoped SnO2 have been produced by spray pyrolysis on quartz at substrate temperatures of about 400(C using aqueous inorganic salt solutions. The concentrations of Co and F upto 10at% can be incorporated without any secondary phases being detected. In both the cases highly transparent thin films retain the parent crystallographic structure of the oxides with Co being incorporated as Co+2 ions at the metal ion sites. Magnetic moments per Co ion approaching 1 (B per ion have been possible. We have performed theoretical calculations based on density functional theory within a local spin density approximation to study the magnetic properties of transition metal (Cobalt) substituted SnO2. We compare our results with experimental data available and also with recent theoretical reports on ferromagnetism in ZnO [8,9]. There have been no such investigations on the SnO2 system, which is also interesting as potential spintronic material. We investigate the effect of introducing extra free carriers in the host matrix (which would be equivalent to co-doping by fluorine) on the magnetic properties of the system, and also the conditions under which the ground state would be ferromagnetic. Results of our studies will be presented in this paper.
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