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Analytical model for electrical resistivity of GLAD thin films
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Electrical resistivity of thin films is mainly linked to electron scattering at the grain

boundaries, tunnelling effect and percolation between conducting clusters in an

insulating matrix. In many cases, these transport mechanisms implement a

nanocrystalline structure. Due to the merge of new deposition techniques, highly

nanostructured thin films can be produced. One of these techniques is the glancing

angle deposition (GLAD) [1] in which the incident flux of particles impinges on the

substrate from a controlled oblique angle. In a columnar mode, the dimension and

geometries of the structure, as well as the density of the film can above all be changed

and have an impact on many physical properties.

The aim of this study is to develop an analytical model, based on existent work [2], able

to predict the electrical resistivity in oblique columnar thin films. At first, we assume that

electron scattering at the grain boundaries is negligible against the scattering due to

voids between columns. The films are supposed to support a constant electric field E

x

in the substrate plane. In addition, the column angle β is systematically changed in the

plane of the field. The density of the film, connected to the column angle β, is taken into

account in the fraction of electrons, which are transmitted through the boundaries.

Experimentally, oblique chromium thin films deposited by GLAD for different pressures,

were investigated. The incident angles a of the particles, associated to the column

angle β, was systematically changed from α = 0 to 85° with respect to the substrate

normal. Measurements of the dc electrical resistivity were performed as a function of

temperature. And presented a significant dependence versus the column angle and

sputtering pressure, with an increasing resistivity from ρ

300K

 = 7.50x10

-7

 to 2.5x10

-6

 Ωm

as α changed from 0 to 85°. Furthermore the evolution of crystallite size versus column

angles was estimated from XRD in order to validate the first hypothesis. As a result, our

model was successfully compared to the experimental behaviours and allowed

extracting a density profile in good agreements with those obtained in the literature.
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