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SPECTROSCOPY/SURFACE ENERGY BAND DISPERSION/PERPENDICULAR

MAGNETIC ANISOTROPY

This thesis reports the electronic origin of magnetic anisotropy transition in
thin nickel films epitaxially grown on Cu(001). The magnetic anisotropy strongly
depends on the film thickness and rotates from the “usual” in-plane magnetization to
out-of-plane at about 7 ML and from out-of-plane to in-plane at about 40 ML. Since
this behavior is of technological as well as of scientific relevance this study impacts
on the advanced development of magnetic recording devices and fundamental
understanding on low-dimensional magnetic materials. The origin of the magnetic
anisotropy has been analyzed in the framework of the spin-orbit interaction leading to
the correlation between the lattice and electronic structures. As observed in films
grown on heterogeneous substrates, the lattice distortion takes place in the surface and
interface, and the electronic structures deforms from the usual spherical shape. In
terms of molecular orbit theory, the electron orbit occupancy depends on the direction
of lattice distortions, and influences on the magnetic anisotropy favoring the spins
into the perpendicular to the dominated orbital plane. Even though the macroscopic

lattice and magnetic structures upon the film thickness have been investigated well,



v

the microscopic origin based on electronic structures was not clarified. In this study,
angle-resolved photoemission spectroscopy (ARPES) and first-principles energy-band
calculation were performed to analyze how the energy band structure and its
symmetry contribute to the magnetic anisotropy transition as the film grows. The
main idea behind spectroscopic experiment is to take advantage of the photoemission
matrix elements in order to disentangle the various d-orbitals contributing to the
photoemission spectra from nickel. The matrix elements are exploited by changing the
incident angle of the linearly polarized light and thereby lead to the relative intensities
and spectral profiles for the different states. As the Ni film grows, Ni 3d bands are

formed near the Fermi level in the range of the Cu 4s bands. In the surface band
dispersions measured along the T-A-X plane, one band with d , orbital character
evolves with a small shift to low binding energy up to 20 ML, while the other band
with dxz_yz orbital character gradually forms with a shift to high binding energy above

6.6 ML. Both an increase of the dxz_y2 and a decrease of the dZZ band fillings in the

Ni thickness range between 6.6 and 20 ML contribute to reinforce the perpendicular

magnetic anisotropy, which are partly backed up by a first-principles energy band

calculation.
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