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Columnar gold thin films deposited by the magnetron sputtering technique [1] at oblique angles and at low 

temperatures have been studied from theoretical and experimental points of view. Based on previously 

published results [2], we have experimentally demonstrated that by having control on the deposition pressure 

and/or tilt angle of the substrate, thin films with diverse microstructures are grown. We obtain four distinct 

microstructures, which we have labeled as i) Compact Homogeneous, characterized by a compact structure with 

a very low density of pores, ii) Tilted Columnar, where short-range coalescent tilted columnar structures grow, 

iii) Tilted Mesoporous, with long-range coalescent tilted columnar structures that resembles a compact film with 

tilted mesopores that percolate the film from the surface to the substrate, and iv) Vertical Coalescent [3], where 

vertical coalescent column-like patterns are formed with a high density of occluded mesopores in the material. 

The existence of these microstructures is supported by a theoretical model of the film growth that indicates that 

the main structuring mechanisms are: i) the elastic scattering of the gold atoms on plasma heavy particles, and 

ii) the surface shadowing mechanism [4]. A complete analysis of the film porosity, connectivity and pore 

percolation is carried out, as well as an experimental analysis of their anisotropic properties through optical 

characterization (Optical Reflectance) and Grazing-Incidence Small-Angle X-ray Scattering (GISAXS). Finally, a 

complete map of the four growth regimes as a function of the experimental conditions is depicted and discussed. 

Our results point out that these microstructured thin films could be used for multiple applications in science, 

technology and industry, and could be extrapolated to the growth of other materials. 
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