Diffusion and diffusion-driven local
ordering in Co-Pt thin films
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Introduction Experimental details

Co-Pt based alloys are perspective materials for spintronics and data
storage applications [1]. Low-temperature annealing provides a cost-
effective pathway for the ordered magnetic phases formation via
diffusion transfer in Pt/Co bi-layer. Thus, investigation of diffusion and
diffusion-controlled formation of the ordered magnetic phases in Pt/Co-
based thin films is of practical relevance [2].

Magnetron deposited layered stacks of Pt(14 nm)/Co(13 nm)/Ta(3 nm)
were annealed in high vacuum in the temperature range of 200 °C -
550 °C. The structure, chemical composition and magnetic properties of
the post-annealed stacks were analyzed by chemical depth profiling, X-
ray spectroscopy, scanning transmission electron microscopy, X-ray
diffraction, and VSM magnetometry.
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Cross-sectional high-resolution TEM images (a, b) and EDXS-

based element distribution maps (c, d) of the as-deposited
sample (a, c) and after annealing at 550°C for 30 min (b, d).
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XRD patterns of
Pt(14 nm)/Co(13 nm)/Ta(3 nm)/substrate
stacks after deposition and annealing at
various temperatures for 30 min.
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SIMS chemical depth profiles of
Pt(14 nm)/Co(13 nm)/Ta(3 nm)/substrate stacks after

deposition and annealing at various temperatures for 30
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Magnetic properties of Pt(14 nm)/Co(13 nm)/Ta(3 nm)/substrate stacks
after annealing at various temperatures for 30 min.
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We demonstrate that although the formation of a long-range chemical
order in the CoPt film was not achieved, heat treatment leads to an
increase in the coercive field and the formation of a local anisotropy in
the Co-Pt alloy. Considering that the annealing is carried out at
temperatures when the bulk diffusion is suppressed, we identify the
grain boundary diffusion as the dominant mechanism leading to
intermixing between the Pt/Co bi-layers and diffusion-driven structural
phase transitions. In this respect, our study suggests that the diffusion
mechanism relying on grain boundary migration can be used to promote
development of hard magnetic properties by the formation of local
anisotropy
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