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The interaction of plasma with surfaces, either during plasma etching or plasma

enhanced chemical vapor deposition (PECVD), usually induces roughness on the

surfaces. Given that roughness may affect diverse applications of the surfaces (e.g.

wetting properties, cell growth), it is of primary importance to control (manipulate) it.

The first requirement for the control is the quantification of roughness, i.e. the

characterization of rough surface morphologies. The second requirement is the

understanding of the mechanisms inducing the surface roughness. For this, a Monte

Carlo modeling framework for surface morphology evolution has been developed;
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plasma processed substrate is represented by a lattice of cubic cells. The roughness

comes from the interplay of ions, reactive neutral species causing etching, and

depositing neutral species. The latter are dominant in PECVD; a small amount of

them exists in plasma etching, where they are called etch-inhibitors
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 or impurities.

Their origin may be the sputtered material from the electrode and the reactor walls,
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or reactions in the plasma bulk e.g. during recipes for anisotropic etching (gas

chopping, cryogenic processes). The co-deposition or – simultaneous to – plasma

etching – deposition of etch-inhibitors, offers flexibility with respect to roughness

control: It is a process with more degrees of freedom, where both subtraction and

addition of material occurs.

Mechanisms and conditions delivering “needle-like” morphology, dots, and holes are

demonstrated. Mechanisms inducing periodic morphologies are investigated. The

simulations show that the etching rate selectivity (substrate over etch-inhibitors), the

sticking probability, and the amount of etch-inhibitors are critical factors for the

emergence of periodicity.
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