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ABSTRACT

// Titanium nitride (TiN) is emerging as a promising alternative to noble metals for plasmonic and photonic applications, offering stability and CMOS
compatibility. This study investigates the effects of 150 ke Au ion implantation followed by rapid thermal annealing (RTA) and conventional
annealing on the optical and metallic properties of sputtered TiN thin films. lon implantation modifies the dielectric function by introducing damage
and smaller crystallites, which reduces the metallic character and optical losses. Post-implantation RTA significantly enhances the metallic response,
decreasing plasma frequency and Drude broadening, thus minimizing optical losses. Comparable results are achieved by conventional annealing;
however, It requires longer processing time. At 500 °C, conventional annealing leads to the formation of Au nanoparticles, introducing additional

absorption due to scattering. Overall, RTA proves to be a more efficient route for tuning the plasmonic performance of TiN films, making it highly
suitable for applications In the visible—NIR range where low optical losses and defined metallic behavior are essential.
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Figure 1. Distribution of 150 keV Au ions and displacements
per atom (dpa) calculated using SRIM software.
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Figure 2. AFM images of TIN films: (a) as-deposited, (b) Au-implanted (150 keV), (c)
post-RTA, (d) and (e) after anneahing at 400 °C and 500 °C (1 h). RMS roughness values
are shown in table (f).
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Figure 3. Real part of the dielectric function for TiN
films: as-deposited, Au-implanted (150 keV, 5x1016
ions/cm?), and annealed (RTA/conventional, 400—
500 °C, 1 h); (a) 260—-2066 nm range, (b) spectral

Figure 4. Imaginary part of the dielectW
TiN films: as-deposited, Au-implanted

u-implanted

5x1016 jons/cm?), and annealed (RTA/conventional,
_ _ RTA 1.78 400-500 °C, 1 h); (a) 260—2066 nm with SPR peaks
region up to 810 nm showing w values (e: = 0). 1 h at 400°C 2 36 (inset); (b) high-wavelength region detail.
1 h at 500°C 2.70
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