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One of the elements of the superconducting spin valve of the F1/F2/S design is the antiferromagnetic layer lying under the F1 layer, which serves to fix the direction of magnetization of the F1 layer. In our previous works, we used a 3 nm cobalt layer deposited by electron beam evaporation and oxidized in an oxygen atmosphere at a pressure of 100 mbar for two hours in a loading chamber [1].
In this work, we investigated the rate of oxidation processes of different thicknesses of cobalt metal films in air, as well as the possibility of preparing cobalt oxide by oxidation with heating to 600 K in air.
For this purpose, a series of samples with thicknesses of 3, 5 and 10 nm were prepared on MgO substrates. In each series, one sample was protected with Si3Ni4, one was oxidized by the "standard method" and one sample was an unprotected cobalt film. In addition, we annealed one film in air at T = 600 K for 20 minutes, and another one in several stages, the first for 5 minutes, the second for 20 minutes, and the third for 8 hours. FMR was chosen as the research method, since it can be very effective in studying the ferromagnetic component of samples.

As is known, metallic cobalt is a strong ferromagnet, but when oxidized, it transforms into an antiferromagnetic state with a Neel temperature of ~293 K. We hoped to see from the FMR signal intensity how ferromagnetic cobalt transforms into an antiferromagnetic state during its stay in air.
All films showed a good FMR signal with a strong angular dependence when changing the direction of the external magnetic field H from the in-plane to the out-of-plane orientation due to the demagnetizing factor. However, we were unable to observe the time dependence of the decrease in the FMR signal intensity. We also did not see a paramagnetic signal from cobalt oxide at g~2 [2], since it was against the background of the signal from the substrate, but significantly weaker. The film annealed in air for 20 minutes was completely oxidized to the entire depth. The film annealed in air for 5 minutes was oxidized to a depth of about 1 nm, further annealing did not give any results.
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