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Report: 
 
According to the project proposal, this study is included within the framework of magnetic semiconductors 
that exhibit room temperature ferromagnetism (RTFM). So far, an intensive research have been focused on 
diluted systems where a transition metal atoms (as Mn, Co, Cr, V, etc) are introduced in a wide gap oxide 
matrix as ZnO and SnO2. Since its FM is still under debate, a serie multilayers based on SnO2 and Mn were 
grown in order to study the role of interface effect in its magnetic properties. This effect, together with the 
existence of defects (oxygen vacancies), seem to be relevant in the origin of FM. 
 
The samples under study were Mn/SnO2 multilayers (2 nm SnO2/ x nm Mn)N deposited on Si(100) and R-cut 
sapphire by magnetron sputtering. Some of them were annealed in air. As-grown films presented a FM phase 
with Tc>300K detected using SQUID measurements while annealed samples presented no significant FM at 
T>50 K. We also faricated several series of Mn based multilayers (Mn/Al, Mn/Si and Mn/SiO2)N which 
presented a paramagnetic behaviour, in order to compare with the  the above samples. [1-2] 
 
The experiment consisted of a X-ray absorption spectrometry study at the Mn K-edge (6539 eV) in 
fluorescence mode. The samples were placed at 45º with the incident beam and the detector. Firstly, we 
performed an accurate characterization in the XANES regime in order to obtain all the possible valence 
states of Mn as a function of the number of bilayers, the growth conditions and the thermal treatment. The 
energy range was selected in order to have a good resolution in the pre-edge, edge and 50 eV after the 
energy threshold. Considering some Mn oxides as references, the results revealed that Mn has an oxidized 
state (between +2 and +3) in the as-grown samples, the same for both substrates.On the other hand, for the 
annealed samples, we deduced that Mn has an combined valence state of +3 and +4 (Fig.1). Mn/Al, Mn/Si 
and Mn/SiO2 multilayers presented a percent of  Mn metallic with an +2 valence in the case of SiO2 based 
film (Fig.2). 



 
Measurements in the EXAFS regime were also performed in order to determine the local structure 
information of Mn and the possible fraction Mn substitucional that can be introduced in the tin oxide matrix. 
This part of the experiemnt were limited to a reduced number of samples, since the multilayers are relatively 
thin and the diffraction peaks from the substrate are difficult to eliminate. The scans were collected till 7200 
eV in the energy range. Due to the lack of a multidetector, these measurements were not very conclusive 
since the ration between background and signal was not for a reliable analysis of the EXAFS signal.  
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