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Transition metal nitride (TMN) thin films combine the characteristics of hard, chemically

stable ceramics with metal-like character, which makes them widely used as protective

coatings for cutting tools applications as well as diffusion barriers or metallization layers

in microelectronics. In order to improve further their properties, ternary or multinary

TMN thin films have lately gained attention.

In the present work, ternary TMN films, with thickness up to 300 nm, were deposited by

dc reactive magnetron co-sputtering in Ar-N

2

 plasma discharges at 300°C on Si

substrates. Two systems were comparatively studied, Ti-Zr-N and Ti-Ta-N, as

representative of isostructural and non-isostructural prototypes, with the aim of

characterizing their structural, mechanical and electrical properties. While

phase-separated TiN-ZrN and TiN-TaN are the bulk equilibrium states, metastable Ti

1-x

Zr

x

N and Ti

1-y

Ta

y

N solid solutions with rocksalt structure were stabilized in a large

compositional range (up to x=0 and y=0.7) . Substituting Ti atoms by either Zr or Ta

atoms led to significant changes in film texture, microstructure, intrinsic stress, grain

size and surface morphology, as evidenced by x-ray diffraction, x-ray reflectivity, SEM,

AFM and in situ wafer curvature measurements.

We explain the destabilization of the cubic TiN lattice with increasing Ta content by the

energetic bombardment conditions intrinsic to the sputtering process, whereby the high

energetic Ta sputtered atoms and backscattered Ar contribute to lattice distortions

(microstrain) and strong compressive stress. The ternary Ti

1-y

Ta

y

N films exhibited

superior mechanical properties to Ti

1-x

Zr

x

N films as well as binary compounds, with

hardness as high as 42 GPa for y=0.69. All films were metallic, the lowest electrical

resistivity ρ~65 μΩ.cm being obtained for pure ZrN, while for Ti

1-y

Ta

y

N films a minimum

was observed at y~0.3. The evolution of the different films properties are discussed

based on microstructrural investigations.
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