Optical properties in thin gold films
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The electrical properties of thin conductive layers and their interaction with electromagnetic radiation is a subject of interest in modern micro- and nanoelectronics industries [1]. The dimensional effect determines the physical properties of nanoscale metal films. Metal films of a few nanometers thickness are promising as ohmic conductors with high transparency, both in the visible and in infrared wavelengths. Since thin metal layer can be both in continues and disperse phase (island) state, the question remains open about the conditions of transition from one state to another. The thickness of the metal film at which the transition from disperse to continues state is observed called critical percolation thickness dc. It is known that in the region of critical transition the metal film exhibits abnormal optical and electrical properties that can be explained within the percolation model [2-3]. The ability to control the dc thickness percolation threshold will provide ohm conductive metal connectors with high optical transparency in a range of thicknesses d < 2-3 nm. 
The Au metal films and Ge underlayers of nanometer thickness were fabricated with thermal evaporation method on the bare glass substrate under high vacuum condition (P ~ 10-7torr) at the room temperature under “quench condense” regime. Mass thicknesses of investigated films have been assessed by the shift of the resonance frequency of the quartz oscillator. Transmittance and reflectance spectra were measured by broadband spectrophotometer Shimadzu UV-3600.

The analysis of the size dependence of gold films transmittance (for wavelengths 1100 nm, 1500 nm, 1900 nm and 2500 nm) which were deposited on a clean glass substrate and on a glass substrate precoated with germanium underlayer with mass thickness of 0,5 nm have showed that the value of dc for gold films deposited on a clean glass substrate is 6,4 nm, while for similar samples deposited on Ge underlayers with mass thickness of 0,5 nm, is dc = 4 nm. 

The analysis of infrared absorption of investigated gold samples showed the existence of maximum absorption for percolation transition thickness. In particular, it was found that for gold film deposited on a clean glass substrate the absorption maximum is A = 0,21, and for similar samples deposited on germanium underlayers the absorption maximum is A = 0,3. The observed behavior is caused by higher crystalline structure and more effective level of substrate occupation with gold film. Before percolation transition metal film is consisted with isolated islands, where the electronic subsystem is localized. The higher concentration of isolated islands, the more electrons is involved in plasmon resonance which leads to a high absorption ability of metal condensate. 
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