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Within the broader field of spintronics, spin-polarized transport in magnetic tunnel junctions is best understood 
thanks to a convergence between theory and experiment on the model Fe/MgO/Fe tunnel junction. Yet recent 
experiments at the IPCMS reveal that structural defects such as oxygen vacancies within the MgO tunnel 
barrier may strongly impact magnetotransport (see Figure; single vacancies are denoted F while double 
vacancies are denoted M). These results call for a more comprehensive study of the electronic structure of the 
ground and excited states of precisely identified defects species, notably electrically charged species (denoted +). 

The aim of this thesis is to achieve a combined theoretical and experimental understanding of the new 
physics that is emerging in Fe/MgO/Fe tunnel junctions when single or paired oxygen vacancies [1,2] are present 
in the MgO barrier. The computational approach will be based on large-scale density functional theory 
calculations for ground state properties, treatment of dynamic correlations that arise in single particle excitations, 
transport calculations, and optical spectra of defect states that allow direct contact with experiment [1,2,3]. The 
initial work of Velev et al [4] concerning the calculation of electrically neutral oxygen vacancy will be further 
analyzed and extended.  

Figure:  Impact of (a) 
the potential 
landscape of defects 
in MgO on b) the 
thermal decrease in 
TMR for a given 
value of applied bias 
applied across a 
FeCoB/MgO/FeCoB 
MTJ [2]. 
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theoretical scenarii of tunneling onto specific oxygen vacancy species will then be tested experimentally. Devices 
will be patterned from already grown hetrostructures using a well-established technological process at the 
STNano cleanroom. Multiple devices will then be simultaneously measured on an automated multifunctional 
measurement bench (24/7 operation), followed by automated data analysis of the large datasets that are collected 
(eg panel b) of Figure). 
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