Sputtering process of Aluminum in Ar/He mixtures
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In the frame of fusion research, the interaction of helium with various materials has been widely
studied. For instance, it has been proved that He implantation in tungsten at high substrate
temperature and low ion kinetic energy leads to the formation of fiberform nanostructures, called
“fuzz” [1]. It has been observed that this nanostructure is formed at a kinetic energy below the
atomic displacement threshold, and exhibits high porosity (90 %), which could be of great interest for
various applications (light absorption, catalysis etc.). Further investigations have evidenced the
formation of various porous structures on molybdenum, nickel, iron or aluminum surfaces [2]. The
underlying formation mechanism seems to be related to the very particular behavior of He inside
metal lattices [3]. To take advantage of He insertion and release at metal surfaces, several authors
have investigated the deposition of metal thin films by magnetron sputtering in helium gas. Various
results have been obtained like formation of He filled bubbles in the film thickness and/or apparition
of porosity [4,5].

In the present work, we studied Al target sputtering in various He/Ar mixtures in the aim to
synthesize nanostructured films for hydrogen production application. The evolution of the magnetron
discharge depending on the He percentage in the gas phase was characterized by following the
cathode voltage at a fixed current. By comparing with the deposition rate evolution, three sputtering
regimes have been evidenced leading to very different depositions conditions at the substrate and
thus, to different film morphologies. The nature and energy distribution function of sputtered and
backscattered atoms from the target were analysed by performing SRIM simulations. The ion energy
distribution function of Al', Ar’ and He' ions was determined using mass spectrometry. Good
correlations have been obtained between calculations and experiments for sputtered Al atoms.
Nevertheless, unexpected Ar* and He" distribution functions were found at high He % and/or low gas
pressure inside the chamber. Moreover, SRIM simulations predict that high energy He" (60 eV) are
backscattered at the target, reaching the substrate. Since they are neutralized at the target, they were
not detected, although their role on film growth seems tremendous. Therefore, this poster will give
us the opportunity to discuss both problems.
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