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Electronic and atomic structure of TiAlN-Ag multilayer coatings for

thermal-barrier applications
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Controlling the thermal conductivity of coatings is a key factor for their

application as heat sink or thermal insulation. In the case of metals, heat

transfer depends primarily on the number of free electrons whereas in

non-metal materials it is mainly determined by lattice vibrations (phonons).

In the case of nanostructured coatings comprising different dielectric

phases, heat transport can be also influenced by the presence of interfaces.

In fact, it has been recently shown that TiAlN/Cu multilayer coatings with

nanometric layers present an anomalous decrease in the heat conductivity

with respect to pure monolithic nitride coatings within a wide temperature

range [A. Kovalev et al. Surf. Interf. Anal. 42 (2010) 1361]. In order to

understand and control the physical mechanisms driving to such anomalous

behavior, it is mandatory to study this size effect on other nanostructured

systems. Based on this premise, we have studied the properties of TiAlN/Ag

multilayer coatings with different layers thicknesses. The bonding structure

of the nitride coatings has been studied by X-ray absorption near-edge

structure (XANES) whereas the interface quality of multilayer stacks has

been evaluated by scanning electron microscopy (SEM). Further, in-depth

analysis has been performed by X-ray photoelectron (XPS) and

high-resolution electron energy loss (HREELS) spectroscopies. By decreasing

the Ag layer thickness to a few tens of nm, there is an accumulation of

electrons near the Fermi level and a decrease in the probability of injection

into the conduction band, which points out to a lower thermal conductivity in

metallic layers. In addition, it is found that interfaces play a special role in

heat transfer mechanisms bylimiting the propagation of longitudinal

acoustic phonons. Hence, the results confirm that interfaces in multilayer

coatings do not only diffuse and reflect phonons but also behave as thermal

barriers.
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