Molecular layer deposition (MLD) of vanadium-titanium organic-inorganic thin films
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In this work molecular layer deposition (MLD) of vanadium-titanium organic-inorganic thin films known as “vanticones” were deposited and studied. In situ Quartz crystal microbalance (QCM) has been used to monitor mass gain and loss during individual precursor dose allowing growth process optimization. Ex situ X-ray techniques such as X-ray reflectivity (XRR) and X-ray photoelectron spectroscopy (XPS) were used to determine film growth rate, density and composition. Analysis of obtained data suggested non ideal growth behavior that believe to be related vanadium-oxygen to titanium-oxygen substitution reaction resulting in lower than expected concentration of vanadium atoms.    
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Vanticones were deposited using alternative dose of vanadium oxytrichloride (VOCl3), titanium tetrachloride (TiCl4) and ethylene glycol (C2H6O2). Vanticone films were deposited at reactor temperatures was varied from 115ᵒC to 135ᵒC. One cycle of vanticone film deposition process is schematically shown in figure. 

As expected, QCM showed mass gain with metal precursor doses and mass loss with ethylene glycol in accordance with proposed reaction mechanism shown in a figure. Vanadium-titanium hybrid film had a growth rate of 5.5 Å per cycle, density 1.8 g/cm3 and RMS roughness of 3.5Å. Deposited hybrid film had atomic composition of Ti (5.81 at. %), V (0.92 at.%), C (58.20 at.%), O (31.80 at.%), Cl (3.27 at.%). As can be noticed, atomic concentration of titanium atoms in the film is significantly higher than number of vanadium atoms that can be deduced from the above figure suggesting non ideal MLD film growth. This observation was attributed to substitution of the vanadium-oxide bonds to titanium-oxide bonds during TiCl4 dose. Therefore, vanticone MLD film growth accompanied by partial vanadium removal by substitution reaction. Our thermochemical calculations suggest that this could be a viable reaction mechanism that was supported also by QCM data. 
