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Silicon based nanostructured materials represent a promising choice for a wide

variety of applications ranging from solar energy conversion to light-emitting devices

and batteries. The size tunable optical, mechanical and thermal properties exhibited

by nano-scale aggregates, as compared to bulk materials, result even more appealing

in the case of silicon, most established semiconductor in photovoltaic and electronic

industries.

In the last few years silicon nano-crystals direct deposition via non-thermal plasma

methods has attracted a great deal of interest given the advantage of allowing both

low temperature and narrow size distribution synthesis at the same time, not feasible

with the most established chemical methods.

In the present work a novel large area plasma-based technique exploiting a

combination of a PECVD system together with an inseminated sonic jet is presented

and discussed. The desired material stoichiometry, chemical composition and

crystallinity is produced by igniting the plasma discharge with different gas mixtures,

usually comprising of one or more inert gases, like Ar and H2, and a gaseous

precursor of silicon, SiH4. Fine control over morphology is obtained by tuning the

expanding jet properties, resulting in nano-structures ranging from porous/aerogel-like

to compact/columnar.

Hydrogenated amorphous silicon deposition is achieved in Ar-H2 diluted SiH4 plasma

under low H2 content, with a measured bandgap value around 2 eV.A proper

balancing of the relative amount of Ar, promoting deposition rate, and H2, enhancing

crystallization but resulting in etching of the growing material, results in the synthesis

of polymorphous silicon films, comprising of silicon nano-crystals embedded in an

amorphous silicon matrix (with bandgap value intermediate with respect to the two

phases).

The large degree of control over the material properties, both in terms of bandgap and

morphology, make the above presented technique suitable for applications in several

fields. Water splitting systems can be fabricated by exploiting the large bandgap of

hydrogenated amorphous silicon, whereas hybrid nc-Si/P3HT structures can be

foreseen for photovoltaics.
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