Epitaxial growth of Fe3O4 thin film on SiC (0001)
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   High quality epitaxial growth of Fe3O4 film on semiconductors will lead to next generation of spintronic devices such as spin-FETs, spin filters, and magnetic tunnel junctions (MTJs). Integration of Fe3O4 has been attracting interest for these applications not only because of its high Curie temperature of 860K and 100% polarization at room temperature, but also its predicted half metallic properties at room temperature and a negative spin polarization.  However, these properties have been very difficult to realize in thin film form, and device design strategies need high-quality thin films of Fe3O4. The most common reason reported in literature for failure of the films to achieve theoretical performance is that current growth techniques produce films with antiphase boundaries (APB). These APBs have a strong antiferromagnetic coupling that negatively impact the magnetic and transport properties of epitaxial Fe3O4 films. The most significant impacts are negative magnetoresistance (MR) in a range between -0.7 and -1 %, and unsaturated magnetization even at high fields of 8T [1]. Therefore, searching for any progress to reduce APBs is of essential importance for the applications of Fe3O4 films. 
   Epitaxial Fe3O4 films have been grown mostly on MgO either as a substrate or template layer because of the very small lattice mismatch (0.3 %) between Fe3O4 and MgO. However, the performance of today’s spintronic devices would be enhanced by integrating Fe3O4 on wide band gap semiconductors which can function in high-temperature, high-power, and high-frequency environments. In addition long spin relaxation time in wide bandgap semiconductors is beneficial where spin transport at large length scales is required. Consequently the combination of half-metallic Fe3O4 and wide bandgap SiC could be one of the most promising magnetic semiconductor hybrid systems for development of future spintronic devices. 
   In this study, through molecular beam epitaxy (MBE), the use of a magnesium oxide (MgO) template layer and the interface formation mechanisms have been investigated for effective heteroepitaxy of high-quality magnetite (Fe3O4) on 6H-SiC. 6H-SiC(0001) substrates are cleaned in an ex-situ hydrogen furnace. The resulting 6H-SiC surfaces are smooth with a uniformly stepped surface and a √3×√3 R30 surface reconstruction with a silicate adlayer, verified by reflection high energy electron diffraction (RHEED) and x-ray photoelectron spectroscopy (XPS). High quality, single crystalline MgO(111) is obtained with a smooth surface (RMS<0.5 nm) and a stepped morphology conformal to the underlying 6H-SiC morphology, but is inherently twinned due to the ionic nature of a (111) oriented rock salt structure. The smooth, conformal 2-D growth of MgO requires the presence of atomic oxygen in a Mg-adsorption controlled mechanism, and grows in tension with a 3.3% lattice mismatch. This presentation will show the relationship between processing conditions and FexOy chemistry and structure and discuss strategies for enabling the reduction of APBs in Fe3O4 on SiC.
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