PREPARATION OF DIAMOND LIKE CARBON FILMS BY THERMIONIC VACUUM ARC FOR MEMS APPLICATIONS
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Abstract


The technology of MEMS (Micro-Electro-Mechanical-Systems) is mainly based on Si. Diamond like carbon (DLC) is an extremely interesting prospective material for MEMS fabrication due to its superior wear-resistant qualities, hydrophobicity, resistance to stiction (i.e. a combination of stickiness and friction) and potential as a biocompatible material. DLC films of 100 to 500 nm in thickness were prepared using the original method called thermionic vacuum arc (TVA) developed at NILPRP.

One of the most important characteristics of TVA method is the presence of energetic ions in the pure carbon vapor plasma. Moreover, the energy of ions can be fully controlled from outside of the discharge vessel via the control of the arc voltage drop value. It results that during film preparation, just during deposition, the growing thin film is bombarded by energetic ions with an in advance established value of the energy of ions. The bombarding ions are just the ions of the depositing material (carbon). A Whenelt cylinder was used to focus the electrons produced by a (W+0.2%Th) heated cathode on the anode surface.

The coatings were performed on Si and glass substrates and the films were identified as DLC phase. The D and G-bands, characteristics of the sp2 sites of all disordered carbons were found at 1350 and 1570 cm-1, respectively and were identified by Raman spectra analysis.
The sp3 bonds were found in the range of 89% compared with 11% of the sp2 bonds after calibration and deconvolution of XPS spectra. 


TEM images analysis shows the interference fringes given by the complex crystallites included into the amorphous carbon. The particles, 3-11 nm in diameter, were embedded into the film containing amorphous carbon zones.

The AFM image analysis shows the DLC film surface with a peak-to-valley roughness of the 5-7 nm range.


The hardness of the deposited films was found in the range of 50-60 GPa, typically values for the DLC films.

The coefficient of friction of the deposited films tested by a flat to flat tribometer in dry conditions was in the range 0.05 -0.1. This suggests the predominant influence of the DLC acting as a solid lubricant in dry friction. 































