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Phase and compositional characterization of tantalum and tantalum

nitride thin films
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Tantalum is a widely used material in the semiconductor industry to prevent

diffusion of copper into silicon and as an adhesion promoter. The

thermodynamically stable α-phase is body-centered cubic (BCC), whereas

the metastable β-phase is tetragonal. The latter one is significantly harder

and more brittle compared to α-tantalum. Tantalum nitride (TaNX) is a

well-known material for use as resistors in optical and electronic devices.

The biocompatibility and corrosion resistivity of tantalum and TaNX makes

these two materials interesting for use in biomedical implants. In this study,

tantalum and TaNX thin films were deposited by DC magnetron sputtering

on single crystal silicon wafers, polycrystalline titanium and amorphous

Diamond-Like-Carbon (DLC), which is a network composed of strongly

cross-linked carbon atoms and deposited as thin film. The condition for the

formation of α- and β-tantalum on these three different substrates has been

elaborated and studied by nanoindentation and X-ray diffraction (XRD). The

TaNX thin films have been produced reactively with nitrogen as reactant

gas. The nitrogen composition in these films could be controlled by different

parameters such as the working pressure, the power and a varying partial

flow ratio of nitrogen and the working gas argon. The nitrogen concentration

in the films has been analyzed by X-ray photoelectron spectroscopy (XPS).

The result of this analysis was a limited reactivity of the nitrogen gas. The

TaNX thin films are reaching a plateau with a maximum nitrogen

concentration of about 30 at.%, even though the gas flow ratio

nitrogen/argon was further increased. The XRD measurements revealed

crystalline FCC-TaN phase present in the thin films and grain sizes from a

few nanometers up to a few tens of nanometers. The mechanical hardness

has been tested by nanoindentation. It could be shown that the hardness is

reaching a maximum. The reason for this effect will be explained during the

presentation.
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