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Noble metal thin films have several potential applications in electronics, protective coating, and
catalyst industries. The atomic layer deposition (ALD) of noble metal films are currently achieved
using either oxygen or hydrogen as precursors or annealing agents, requiring high temperatures
leading to increased risks of explosion and fire. ALD methods not using oxygen or hydrogen as
precursors or annealing agents have so far resulted in noble metal oxides instead of pure metal
films. An ALD process has been developed for noble metal thin films preparation utilizing low
concentration ozone (1.22 g/m3) as a reactant, without the need for any oxygen or hydrogen. This
process has been successfully demonstrated for the fabrication of Rhodium (Rh) and Palladium (Pd)
thin films. Both metal films exhibited extremely uniform surface with the root mean square (RMS)
surface roughness below 0.2 nm. The 20 nm thick metal films had very low resistivity of 12u€2 cm
for rhodium and 63 p€2 cm for palladium, showing the deposited metal films had a high purity. The
reaction mechanism of palladium ALD from Pd(hfac)2 and low concentration ozone was also
studied by density functional theory (DFT). The simulation results show that Pd(hfac)2 dissociative
chemisorbed on Si (100) surfaces. Subsequently, ozone reacted with Pd(hfac)* by cleaving its C-C
bond to produce gaseous oxygen and adsorbed CF3-OC and CF3-CO-CHO with a relatively low
activation barrier. Hence, the reaction was kinetically favourable. The adsorbed complex carbide
was then depleted by the excess ozone. The calculated results reveal that pure palladium can be
prepared by Pd(hfac)2 and ozone in low concentration without oxygen or hydrogen. All the results
indicate that this low concentration ozone based ALD process could yield high quality noble metal
films in low temperature and safer way.
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