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In-situ monitoring of the growth of silver thin film —the
influence of sputtering gas

We have been carrying out a systematic study of nucleation and growth of silver thin film
prepared by magnetron sputtering in the Department of Analysis of Functional Materials of the
Institute of Physics ASCR for several years. We have applied combination of several in-situ
techniques, ie. spectral ellipsometry and electrical conductivity measurements to analyse
properties of the growing film, optical emission spectroscopy (OES) and mass spectrometry
(Hiden EQP 500) to investigate magnetron plasma properties. The experimental setup is shown
in Fig. 1 and Fig. 2. The aim is to be able to control silver growth mode on dielectric substrates
—on the one hand fabrication of ultrathin smooth silver film and on the other hand preparation
of nanostructured silver film.

We have demonstrated that silver film growth can be effectively influenced by the choice of sputtering
gas, ie. Ne, Ar and Kr. We studied the influence of RF magnetron power and working gas pressure on
plasma composition and properties. The magnetron power was varied from 25 to 100 W. The ambient
pressure was changed from 0.5 Pa to 3 Pa. Both mass and OES spectra revealed presence of highly
excited plasma in the substrate vicinity for all sputtering gases. The increasing OES signal intensities
of Ag and Ag” with increasing RF power and gas pressure were observed. However, in Ar discharge
there was no Ag" signal detected by OES at lower pressures of 0.5 Pa and 1 Pa. Formation of Ag,",
AgNe’, AgAr” and AgKr® radicals was observed in the mass spectra. A maximum around 19 eV in the
ion energy distribution was obtained in Ar and Kr discharges, while the maximum at 28 eV was
measured in Ne discharge at pressure of 3 Pa and magnetron power of 50 W. We attribute this effect
to higher plasma potential in Ne discharge. Silver thin film deposited in Ne gas revealed roughness of
2.9 nm while the roughness of the films deposited in Ar and Kr gases was 3.9 nm. This can be
attributed to higher energy of the atoms and ions impinging the substrate in Ne gas discharge.
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Fig.1 & 2: Experimental setup with a Hiden EQP 500 plasma analyser
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