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EX A Preparation and investigation of magnetic properties of

iron-cobalt thin films with perpendicular magnetic anisotropy
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In this thesis, FeCo films with perpendicular magnetic anisotropy were prepared by a
high vacuum multiple dc-sputtering system. All of the experimental efforts were
devoted to obtain the tetragonal distorted FeCo films which possess both large
saturation magnetization and high magnetic anisotropy energy. It has great potential for
using as the ultra-high density perpendicular magnetic recording media and the
permanent magnet.

The experiments included three sections: the [FeCo/Ir]n, [FeCo/Pt]n multilayer films,
the L1, FePt/FeCo bilayer films and the L1, CoPt/FeCo bilayer films. The films
structure and magnetic properties were investigated.

I. [FeCo/Ir]n and [FeCo/Pt]n multilayer films

For the [FeCo/Ir]y multilayers, the easy axis of FeCo magnetic moment changes from
in-plane to out of plane with decreasing the FeCo thickness, but it does not show the
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perpendicular magnetic anisotropy. The reinforcement of magnetic anisotropy energy is
mainly coming from the interface anisotropy. When the thickness of FeCo layer is fixed,
the magnetic anisotropy energy increases with the Ir thickness. This enhancement may
be due to the distorted FeCo film with perpendicular magnetic anisotropy.

For the [FeCo/Pt]y multilayers, the crystal lattice of FeCo is distorted into a body
centered tetragonal (bct) structure with c/a ratio in the range of 1.12 to 1.19, which is
confirmed by the XRD measurement. The multilayer films show perpendicular
magnetic anisotropy when the FeCo thickness is lower than 3 ML. According to the
theoretical calculation and the structure analysis, the perpendicular anisotropy of
[FeCo/Pt]y multilayer film is induced by the strain. The saturation magnetization of the
multilayer is enhanced by decreasing the temperature due to the Curie’s law. The
magnetic anisotropy energy obtained at liquid nitrogen temperature is agree with the
theoretical calculation quite well.

Il. L1, FePt/FeCo bilayer films

The conditions to obtain the FePt film with L1, ordered phase are optimized. FePt film
annealed at 640 °C for 60 minutes will have the largest ordering parameter and magnetic
anisotropy energy.

For the FegoPtso/Fes0Cogo bilayer films, the lattice structure of Fe4Cogo is distorted.
The c/a ratio of Fes0Cog is around 1.07 at 3 nm and inversely proportional to the layer
thickness. The polar MOKE and VSM results demonstrate that the easy magnetization
axis of Fe4Cogo layer is perpendicular to the film plane. The saturation magnetization of
FesoPtso/Fe4Cogo films increase with the FeCo layer. According to the LLG simulation,
magnetic anisotropy energy of FesCog film is separated from the whole system. It
shows large positive magnetic anisotropy energy when the thickness is lower than 2 nm.
The element-specific magnetic hysteresis curves are obtained from the XMCD
measurement. Both Fe and Co hysteresis curves show perpendicular magnetic
anisotropy. FeCo films with different composition are also investigated. The maximum
positive magnetic anisotropy energy appears at Co 60 at.%, and then shift to negative
when the composition is close to pure Fe or Co.

For the L1y FegoPtso/FesnCogo-C bilayer films, the c/a ratio of FesCogo-C films
increases linearly with the carbon content, which indicates that the C atoms are induced
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into the lattice structure of FeCo and extend the ¢ axis of FeCo. The magnetic property
of Fe40Cogo-C films can be improved with a small amount of carbon and the magnetic
anisotropy energy shows a maximum value around C 15 at.%.

The combination of high magnetic anisotropy energy and large saturation
magnetization of L1, FePt and bct FeCo is quite attractive to create high density
perpendicular magnetic recording media and, at the same time, will give a clue to
exploit a new type of permanent magnet without rare-earth metals.

I11. L1, CossPtys/FesoCogo bilayer films

The conditions to obtain the CoPt film with L1, ordered phase are optimized.
CossPtys film annealed at 600 °C will have the largest ordering parameter and magnetic
anisotropy energy.

For the CossPtys/FesoCogo bilayer films, the lattice structure of FesoCogp is distorted.
The c/a ratio of Fes0Cog is around 1.08 at 3 nm and inversely proportional to the layer
thickness. The polar MOKE results demonstrate that the easy magnetization axis of
Fe40Cogo layer is perpendicular to the film plane until 2 nm. Based on the VSM results,
the saturation magnetization of CossPtss/FesCogo films increase with the FeCo
thickness. Using the LLG Micromagnetics Simulator, the magnetic anisotropy energy of
FeCo layer is separated from the whole system. The Fe4Cogo layer in CossPtss/Fes0Cogo
film shows large positive magnetic anisotropy energy when the FesCog thickness
thinner than 1.5 nm.
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