Synthesis, characterization and transport properties of the vanadium nitride thin films
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Vanadium nitride (VN) thin films have been grown on Si (001) and MgO (001) substrates by means of the reactive magnetron sputtering. Base pressure in the chamber was 5·10-9 mbar and pressure during deposition was 3(10-3 mbar. The ratio of Ar: N2 gas partial pressures was 60:40. Vanadium disk of 99.995% purity from Girmet was used as a target. Magnetron power was 100 W in all cases. Vanadium nitride thin films of a thickness of 20 nm, 25 nm and 50 nm were deposited to a silicon substrate kept at the ambient temperature and to the magnesium oxide substrate heated up to 500(C. The crystallinity of the films was examined by in situ low-energy electron diffraction (LEED). No any LEED pattern was observed for the samples grown on Si-substrates indicating its polycrystalline structure. On the other hand, LEED patterns indicated nice crystallinity and epitaxial growth of the VN film on the MgO substrate.
X-ray photoelectron spectroscopy (XPS) was used to determine in situ the composition and oxidation states of the constituent elements of the films either after deposition or after an exposure to the air for about 1 week. The composition of the as-grown films was 46:54 (in at.%) of N:V which is very close to 1:1 stoichiometry. However, after an exposure to the air for one week we have found that the composition at top surface of the film has changed significantly. Surprisingly, we have learnt that it included vanadium, nitrogen, carbon and oxygen in the proportion of 50:32:14:4 (panel c of the figure). The amount of carbon is very unusual. This, in our opinion is a consequence of the outstanding catalytic properties of the VN.

Transport properties of the vanadium nitride thin films substrates were measured with the Physical Property Measurement System (PPMS-9 by Quantum Design). Panel (d) of the figure shows the temperature dependence of the resistivity of the 25 nm thick VN film Si (001). One readily recognizes the transition to the superconducting state with the Tc = 7.6 K. For epitaxial VN films on MgO (001) Tc varied in the range of 7.8 – 8.2 K. It is a little bit lower than reported in literature, but it might be due to the oxidation/carbonization of sample which occurred in the air [1].
Thus, we have successfully grown by the reactive magnetron sputtering thin films of vanadium nitride, both crystalline and polycrystalline, with the composition close to 1:1 stoichiometry. The films reveal the sharp transition to a superconducting state with the critical temperature close to that of the bulk VN.
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