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Electron confinement in quantum wells (QWs) has been extensively studied in
semiconductor and metallic heterostructures. It has proven to be a powerful approach to tuning
the electronic structure and to tailoring new functionalities in devices such as interlayer
exchange coupling between ferromagnets. Quantum confinement of spin polarized electrons is
therefore of great interest for both fundamental and applied spintronics. The work presented in
this thesis focuses on spin- dependent quantum interference in Cr/ultrathin Fe/MgO/Fe MTdJs.
The goal of the research work in this thesis is to understand and control this phenomenon.

First of all, experiment method and results about quantum well resonant peak positions
versus the continuous Fe thickness were presented, indicating a clear signature of quantum well
states in the ultrathin Fe (001) electrode, confirmed the discrepancy in experiment and
first-principle theoretical calculation. The correlation of the Al band in the I' —H dispersion of bce
Fe and periodicity of resonant peak was also studied in details.

And then, to investigate the origin of the discrepancy discussed above, experimental results
on Fe/MgO and Cr/Fe interface were discussed, which illustrate the influence of interface on
quantum well resonant peak positions.

Last the influence of quantum interference on modulation TMR ratio in MTdJs with the
change of voltage and ultrathin Fe electrode thickness was investigated. In addition, the role of
growth conditions and interface flatness in quantum well effect was also been investigated and
discussed. This study paves the way for controlling spin-dependent quantum interference and
their influence on TMR, which is able to develop new functionalities in industry applications.
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