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The tunnel magnetoresistance (TMR) effect in a magnetic tunnel junction (MTJ) with a crystalline
MgO(001) tunnel barrier (MgO-based MTJ) is especially important because of the large magnetoresistance at
room temperature and the application for new generation spintronics devices. The TMR effect is also known to
be sensitive to layer interfaces due to quantum effects such as a scatter or interference of tunneling electrons.
This dissertation contributes towards the investigation of quantum effects in the MgO-based MTJs as described

bellow.

Chapter 1 provides a detailed introduction of MgO-based MTJs and its quantum effects, followed by
purposes of this study. Chapter 2 then describes the fabrication of the MTJs and experimental methods used in
this dissertation. The experimental results and discussion are shown in Chapter 3 which consists of four
sections: (1) In Sec. 3.1, the properties of Kondo effect was investigated for both single crystal MTJs and the
MTJs with the boron-doped top ferromagnetic electrode in order to find out the origin of the Kondo effect. The
experimental results suggested that magnetic impurities (Fe, Co or Mn) diffused into the MgO barrier through
defects could be an origin of the effect. (2) In Sec. 3.2, deals with investigations of bias and temperature
dependences of conductance arising from the magnon contribution in MgO-based MTJs. A series of
experimental results proposes an important role of the surface (2D) magnon excitation. (3) In Sec. 3.3, the
process of preparation of epitaxial MTJs with ultrathin Fe electrodes is reported. These samples show a strong
quantum resonant effect as a clear oscillation of dynamics conductance with the bias-voltage and energy of
quantum well states much depends on the ultrathin-Fe thickness. (4) The results also opened a new research
topic of contribution of quantum well states to spin-torque diode spectrum in epitaxial MgO-based MTJs as

reported in Sec. 3.4.

Finally, conclusions of origins of Kondo, magnon and also quantum interference effects and their
contributions to tunneling transport properties of the MgO-based MTJs are discussed in Chapter 4. Especially,

it is concluded that the TMR and spin-torque can be significantly influenced and modulated by the QW states.
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