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Materials processing based oh the use of vacuum-ultraviolet (VUV) radiation has evolved
from the status of "laboratory curiosum" to that of technological reality, thanks to the
availability of commercial light sources, first lasers but more recently VUV-lamps. We begin
with a brief survey of application areas, still mostly "high-tech" on account of the relatively
elevated cost of the light sources. In this laboratory, we use a series of commercial VUV
lamps (based on radio-frequency discharges in ampoules that are sealed with VUV-
transparent MgF2) that cover a broad spectral range, 120 nm < X < 180 nm, and provide either
"monochromatic" (resonant or excimer) or "white" (broad-spectrum) radiation. W£e have
focused our attention primarily on research involving organic compounds, both hydrocarbon
gases as well as macromolecules, i.e. commercial polymers. Their common features are very
high absorption coefficients, a, at VUV wavelengths, X, which result in a-bond scission,
hence in the possibility of very efficient, "targeted" photo-chemical reactions. Our objective
being to create organic surfaces with high concentrations of nitrogen (N)-containing
functional groups (amines) for cell-culture and tissue engineering, we first exposed selected
polymers to VUV radiation in the presence of low-pressure ammonia (NH3) gas. This allowed
us to achieve maximum bound N concentrations, [N] ~ 25 at%, comparable to values
achieved by plasma-induced nitriding. More recently, we have investigated the deposition of
polymer-like ("VUV-polymer") coatings by VUV-induced gas-phase photo-chemistry of
ammonia-hydrocarbon mixtures, both gases that strongly absorb VUV photons. We use the
same cylindrical high-vacuum reactor, with a VUV lamp and a VUV-sensitive photodiode
detector at opposite ends; after measuring radiation intensity, the latter is replaced by a
substrate holder, the frontal distance of which (with respect to the lamp) can be adjusted. For
"VUV-polymerization" experiments we have used two resonant lamps (low-pressure Kr and
Xe), having "monochromatic" emissions at X = 123.6 nm and 147.0 nm, respectively. The
ammonia-hydrocarbon feed gas mixtures are characterised by their flow rate ratio, R =
NH3/CxHy, where CxHy designates methane (CH4) or ethylene (C2H4), the two "monomers"
investigated so far. Thin "VUV-polymer" deposits were collected on MgF2 or Si wafers
placed on the substrate holder, and they were examined by a variety of physico-chemical
techniques; for example, chemical structure and composition were characterized by X-ray
photoelectron spectroscopy (XPS); layer thickness and refractive index, n, were determined
by UV-VIS spectro-ellipsometry, and a(X) characteristics were measured for 120 nm < X <
220 nm using a VUV spectrograph (Acton Research VM 502) and a broad-band (deuterium)
lamp. Finally, we describe a "second-generation" VUV reactor system now nearing
completion, and we report some results of cell-culture experiments on these various N-rich
surfaces.
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