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TiO2 films synthesis by atmospheric pressure PECVD using an Axial Injection
Torch
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PECVD processes are widely used to deposit thin films and particularly thin ceramic

films for different applications. Traditionally, PECVD systems operate under controlled

pressure (usually from 0.1 Pa to 1 kPa). However, because they require expensive

vacuum systems, there has been a growing interest in the last two decades to

develop processes working at atmospheric pressure which are supposedly less

energy consuming. In this context, an open-air PECVD system based on the axial

injection torch patented by Moisan et al. in 1993 was developed. This microwave

plasma torch called “Torche à Injection Axiale” (TIA) is adapted for TiO

2

 thin film

deposition. Crystallized titanium oxide films are of great interest both for the

photocatalytic activity and their remarkable electrical and optical properties. In

literature, titania powder synthesis has been reported using a similar torch; but to our

knowledge, TiO

2

 thin film deposition by this technique has not yet been achieved.

The microwave plasma was ignited with Ar (plasma gas). Then, a further quantity of

Ar carrier gas saturated with titanium isopropoxide (TTIP, Ti(OC

3

H

7

)

4

) was mixed in

the plasma gas upstream of the torch. A parametric study was carried out varying the

microwave excitation power, the torch to substrate distance and the precursor flow, in

order to minimise the powder formation in the plasma. For the optimized conditions,

the growth rate is about 250 nm/min. The film was then characterised in terms of

microstructure and chemical composition. SEM-FEG results show that the layer

exhibits a columnar microstructure. The shape of the columns depends on the

crystallization of the TiO

2

 grains. Raman and XRD investigations reveal the presence

of both anatase and rutile phases in the area situated face to the plasma. However,

TEM analysis shows a high amorphous phase content in the films. Further

investigations by XPS reveal a very low amount of carbon (about 4 at.%). Finally, the

effects of each parameter were investigated and correlated to the characteristics of

the film.
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