ALD of Tin Monosulfide, SnS
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We present a hew process for ALD of tin(ll) sulfide, SnS, from H,S and a novel tin source that will be
presented at the conference. The process operates at low substrate temperatures, in the range from
about 100 to 250 °C. No impurities were detected in the deposited material by XPS or RBS. The films are
stoichiometric to within the measuring accuracy of RBS, about + 1%. The phase corresponds to the
orthorhombic structure normally found in the bulk material (as in the mineral Herzenbergite) , although
under certain conditions a minor amount of a cubic phase is also detected by X-ray and electron
diffraction. The morphology of the films varies from dense equiaxed columnar polycrystalline films to
loosely packed plates, depending on the substrate and growth conditions. The SnS films are
semiconducting with lightly p-type doping (10" to 10™ holes cm™ and hole mobility > 6 cm® V* s™). The
films also show strong photoconductivity. Their optical band gap is about 1.3 eV, which is nearly optimum
for solar cells with maximum efficiency. The optical absorption is very strong (over 10° cm™ in the visible
spectrum and over 10* cm™ in the near infrared). Thus a very small thickness, less than 0.5 micron, is
sufficient to absorb most of the solar spectrum. These properties make SnS a good candidate for the
absorber material in thin-film solar cells made of earth-abundant and non-toxic materials.
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