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Thin film refractory metals play a crucial role in high temperature photonic/plasmonic applications such as 

thermophotovoltaics, thermoplasmonics and hot-electron applications [1,4]. However, the optical constants of these 

metals at high temperatures are unknown. Therefore, room temperature bulk single/poly-crystalline optical constants 

were used to calculate the optical response of the plasmonic/photonic structures at high temperatures, which leads to 

an uncertainty in estimating the device efficiency.  

Herein, we present in-situ ellipsometry investigation of refractory metals (TiN, W, Mo and Ir [5, 6]) at high 

temperatures up to 1000 °C. Fig. 1 (a,b) shows the measured complex dielectric permittivities, real (1) and imaginary 

(2) parts, of these refractory metals at room temperature. The penetration depth of optical fields in these metals lies 

below 40 nm, and thin films with structural thicknesses of 80 nm or above exhibit the properties of semi- infinite 

samples. The complex dielectric permittivities of W, Mo and TiN are obtained by fitting a Drude-Lorentz oscillator 

model (equation 1), where conduction electron contribution and interband transitions are expressed by Drude and 

Lorentz terms, respectively. 

 

Here, ∞,  p, D, i, are the background dielectric constant accounting for higher energy interband transitions 

outside the probed energy spectrum, plasma frequency, Drude damping and Lorentz oscillator damping factor, 

respectively. The optical constants of Ir are extracted using the wavelength-by-wavelength fitting method as no Drude 

-Lorentz model is accepted for it. At elevated temperatures, the electron–phonon interaction is the dominant 

mechanism leading to an increase of the electron collision frequency D. This increase is linear with the temperature 

and is independent of the film thickness. Further, we show experimentally the effect of film thickness on the optical 

properties, where the impact of the grain size due to grain-boundary and surface-scattering mechanisms is 

investigated.  

We will present a detailed study on how the optical properties of the refractory metals change at high  

temperatures and thin films and define with it the efficiency of the refractory photonic/plasmonic devices. 

Fig. 1 a, b) Real and complex parts of the dielectric permittivities 1 and 2, respectively, of TiN, Ir, Mo and W thin films at room temperature. 

References 
[1] Dyachenko, P. N., et al, Nature Communications, 7 (2016) 11809. 
[2] Chirumamilla, M. et al., Scientific Reports 9, (2019) 7241. 
[3] Naldoni, A. et al., Advanced Optical Materials 5 (2017) 1601031. 

[4] H. Ghasemi, H. et al., Nature Communications 5, (2014) 4449. 
[5] Arya, M. et al., Applied Surface Science, 588 (2022) 152927. 
[6] Krekeler, T. et al., Advanced Optical Materials, 9 (2021) 2100323. 


