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Abstract

This study investigates the effect of aluminum doping at
concentrations of 3%, 5%, and 7% on the linear and nonlinear optical
properties, as well as the structural characteristics, of thin SnO: films
prepared via the spray pyrolysis technique on glass substrates at 400°C.
X-ray diffraction (XRD) analysis revealed a polycrystalline and
tetragonal structure for the deposited thin films, with a preferred
orientation along the (110) plane. The average crystallite size for the
undoped film was (Gs = 32.68nm), which decreased to (16.37nm) when

the aluminum doping level reached 7%.

EDX/SEM images showed that the nanoparticles exhibited spherical,
near-spherical, and clustered morphologies, with varying patterns and
densities, and Al atoms were intercalated within the SnO: crystal lattice.
The results from optical property curves, analyzed as a function of
wavelength at different doping levels, showed an increase in film
transmittance with wavelength, while absorbance (A), reflectance (R),
extinction coefficient (K), refractive index (n), and dielectric constant
(both real and imaginary components) decreased as the wavelength

increased.

Furthermore, the effect of Al doping on the pure SnO: films
indicated a reduction in transmittance spectra and optical bandgap energy
with increasing doping concentration, whereas absorbance (A),
reflectance (R), extinction coefficient (K), refractive index (n), and
dielectric constant (real and imaginary components) exhibited an

increase.

The nonlinear optical properties of both pure and Al-doped SnO-
films revealed an enhancement in the effective absorption coefficient Pes

Befffor doping levels below 7%. Additionally, the nonlinear refractive n2

A



-8 -8
varied in the range of (0.96 x10 — 5.25x10 c¢m?/W)at different
doping levels. The results also demonstrated an improvement in the real
and imaginary parts of the third-order nonlinear susceptibility (X*) with

increasing doping concentration.

The tunability of the optical properties of the studied material
highlights its potential as a promising alternative to indium tin oxide
(ITO) for various applications, particularly in epsilon-near-zero (ENZ)

permittivity and optoelectronic devices.
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