
82 PL0002389

Performance of the Evaporation System for Thin Film Deposition
in Ultrahigh Vacuum
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A multichamber ultrahigh vacuum system has been built recently for surface and interface studies of thin
magnetic film systems with nuclear analytical methods. This contribution presents a performance of the
chamber for film preparation, which is one of parts of ultrahigh vacuum stand.

The performance of the evaporation device is demonstrated for thin films of silver and cobalt. The thin
film samples were grown at room temperature by thermal evaporation at a pressure of 10'6 mbar during the
evaporation. The evaporation rates were 0.25 nm/min and 1.7 nm/min for Co and Ag, respectively, and were
controlled using quartz crystal monitors mounted on the construction frame. Since the position of monitoring
quartzes is not the same as the position of the substrate during evaporation, the quartz crystals do not receive
the same deposited mass as the sample. Therefore, the correlation between crystal mass and resonant
frequency is not direct and a tooling factor has to be determined. Prior to evaporation monitoring quartz
crystals were calibrated for each vapour source with respect to the reference quartz crystal positioned in the
place of the substrate. Then the tooling factor for each combination of quartz monitor and oven was
determined and found to be in the range of 1.1-1.5, depending on the relative oven-quartz position. The
nominal thickness of both films was equal to 7.5 nm. This result was checked with X-ray reflectivity
technique (XRR) [1]. Fig. 1 shows experimental reflectivity spectra for both samples together with simulated
reflectivity profiles. The DIFFTOOL code designed for analyzing XRR spectra allows to determine the
thickness d and roughness c of evaporated films. To get a reasonable fit in case of Co sample it was
necessary to assume that the film is covered with a small amount of cobalt oxide.
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Fig. 1. Reflectivity of silver and cobalt samples on glass. Experimental data (dotted) and simulations:
(a) 9.1 nm Ag (a = 1.3 nm)/SiO2 (a = 0.2 nm), (b) 2.3 nm CoO(a = 1.1 nm)/6.7 nm Co (c = 1.4 nm)/SiO2

(a =0.2 nm).

One can see the reasonable agreement between values of film thickness from evaporation process and
those obtained from X-ray reflectivity measurements. The deviations within the range of 20% can be easily
understood taking into account that density of thin film is different than bulk density of metals used for
calculation of film thickness. To verify these results the thicker film of silver, of 103 nm of nominal
thickness, was also made and measured with a Talystep profilometer. The thickness, as measured by this
method, was found to be 104 nm, which is in a very good agreement with the value determined during
deposition process with the use of quartz microbalance.
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