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Structure and properties of magnetron sputtered Cr-C thin films
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Cr-C thin films in a wide composition range of 25-85 at.% C have been

deposited at a substrate temperature of 300 °C by non-reactive direct

current magnetron sputtering using elemental targets. In addition, films with

35-60 at.% C have been deposited at 25-700 °C to evaluate the formation of

nanocrystalline phases and to compare their respective properties.

The films deposited at 300 °C are amorphous, as determined by

transmission electron microscopy (TEM) and X-ray diffraction (XRD) analysis.

Furthermore, the results from X-ray photoelectron spectroscopy (XPS)

together with TEM microscopy show that the material consists of two

separate amorphous phases; one carbidic and one amorphous carbon (a-C)

phase. Peak fittings of the XPS spectra show that the amount of a-C phase

increases with total carbon content and Raman spectroscopy results indicate

that the a-C phase contains more than 80 % sp²-hybridized bonds. However,

the carbon content in the carbidic phase remains close to constant at 23-30

%, which corresponds to that of the crystalline Cr

23

C

6 

(20% C) and Cr

7

C

3

(30% C) phases. At elevated deposition temperatures, XRD and XPS results

show that the growth structure transforms form amorphous to

nanocrystalline or nanocomposite with carbide grains surrounded by an a-C

matrix, depending on composition and deposition temperature.

The hardness, Young's modulus, electrical conductivity, and corrosion

resistance have been determined for all films, to study how the material

properties are affected by an increase in crystallinity and/or compositional

changes. For example, films with lower carbon content are both harder and

better conductors than films with higher carbon content. Furthermore,

stainless steel samples deposited with Cr-C films at 300 °C are unanimously

more resistant to corrosion than uncoated stainless steel references.
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