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Experimental details 

Results

Ultrathin metal films are of a high interest due to their unique properties. Due to small thickness of nanometre scale they stay semi-transparent in a wide
wavelength range. They are used in many fields, for example, optoelectronics, optics, engineering, electronics, decoration and plasmonic. Silver (Ag) metal thin films
play an essential role in optics applications in low-emissivity glasses, mirror production, for sensing; as flexible transparent film heaters, as transparent conducting
electrode, as transparent antenna, in optical filter and many other applications.

Precise determination of the optical parameters of ultrathin layers is important, while the material structure and morphology may vary for every deposition
process. Therefore, reliable methodology of the optical characterization of ultrathin silver films is important, with particular emphasis on the physical meaning of the
fitting results. Comparison of the experimental data is challenging for a number of reasons like film instability or contamination, difference in analysis approaches,
etc. To ensure silver film purity, an in-situ analysis of optical emission lines of Ag plasma was performed. To better understand film morphology evolution we
proposed an insight into the silver film growth process using estimation of the silver content in the deposited films.

Silver films were prepared using an unbalanced magnetron source (TorusTM sputter gun) with planar circular targets (Ag, 99.99% purity) in a Kurt J. Lesker
sputtering system (PVD225). Afterwards, they were covered by ~12 nm of alumina prepared by atomic layer deposition (ALD). The system was initially pumped down
to a base pressure below 3×10-7 Torr. The magnetron was driven by a pulsed DC power supply (Advanced Energy Pinnacle Plus). The film growth was monitored by
optical broadband monitoring (BBM) and Optical Emission Spectroscopy (OES).

Films of selected thicknesses in the range from 3 nm to 100 nm were manufactured. A particularly detailed In-situ transmittance and plasma emission spectra
with ex-situ resistance and ellipsometric measurements investigation was performed for films up to 40 nm thickness.

Fig 3. (left, bottom) Real-time in-situ transmittance
values measured during silver growth at various
wavelengths from 500 nm to 1000 nm. Measured
and modeled transmittance values are shown

Fig 4. (right, top) Schematic of the coating model.
Sample 1 – initial seeds; Samples 2 and 3 merging
of seeds into bigger particles. Sample 4 – initial
percolation as formation of a denser top sub-layer;
Sample 5 - percolation proceeds as densification of
the bottom sub-layer. The bilayer describing silver
film in samples 4 and 5 consists of two effective
media. Sample 6 - formation of a continuous silver
film, the coating may be considered as a bilayer of
flat dense silver and alumina.

• BBM of the film transmittance is a suitable method for reliable estimation of film growing stages and the minimum thickness of continuous film.
• Monitoring of silver film transmittance in the visible range has high sensitivity, while it is not as sensitive in the near infrared. Monitoring can be

further simplified if performed at a few proper wavelengths.
• BBM of the film transmittance method is more informative than the resistance measurements.
• The four stages of the metal film growth - separate islands, coalescence, percolation and continuous film - are well distinguishable when monitoring

the film transmittance, and are clearly distinguishable in evolution of ex-situ measured resistance and ellipsometrically evaluated LSPR maximum
position and broadening.

• ellipsometry is extremely sensitive to the in-depth analysis of silver ultrathin films and hence allows for monitoring of the percolation process.

Fig 1. (above) Transmittance 
spectra evolution during silver 
film growth on fused silica 
substrate, recorded real-time in-
situ.
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Fig. 5.  (right, bottom) Transmittance (a), LSPR 
Maximum position (b), Resistance (c) and LSPR 
FWHM (d) values evolution with the silver film 
thickness. The dotted vertical lines indicate three 
various stages of the growing film.

Fig 2. (right, top) The effective optical constants of 
the silver layers in samples 1 through 5, as 
evaluated from ellipsometric measurements at 
homogenous layer model.


