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Establishing a data-rewriting based on electric-field induced magnetization reversal in non-volatile 

spin memories, materials having vertical magnetization easy axis and excellent responsiveness of the 

magnetocrystalline anisotropy energy (EMCA) to electric field is required. Predicting physical 

properties from a theoretical point of view using first-principles calculations are very useful for the 

materials design. However, there have been concerns on the accuracy of the calculations. For example, 

Density Functional Theory (DFT) is known for its inability to adequately describe the electronic 

structures of transition-metal oxides (TMOs) due to the difficulties in the treatment of the strong 

interaction caused by the localized electrons. As an alternative, DFT+U method has become one of 

effective means to deal with this problem. This method describes the electronic states by introducing 

the screened on-site Coulomb interaction in terms of Hubbard model parameter, Ueff. However, various 

values for the Ueff have been reported even for the same ionic state and the same material. Since 

material properties are susceptible to the Ueff values, it is important to choose reliable ones. Previously, 

we have investigated the on-site Coulomb interaction in bulk 3d TMOs, based on constrained DFT 

approach[1] within a linear response theory.[2] We here extend our approach to determine the Ueff 

values for thin films of TMOs. We calculated the Ueff for GGA+U calculation on the Fe/MgO(001) 

thin film interfaces with inserted 3d, 4d and 5d TMO monolayers and investigated the EMCA in these 

systems. Calculations were carried out based on the generalized gradient approximation[3] by using 

full-potential linearized augmented plane wave method.[4] The Ueff values were calculated from the 

second derivatives of the total energy, based on the constrained DFT. The EMCA was derived as the 

difference of total energy when the magnetization easy axis is normal and along the film planes using 

the force theorem.[5,6] Details and discussion on the calculated EMCA of the inserted 3d, 4d and 5d 

TMO systems in the GGA+U, will be presented. 
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