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In addition, it was observed that the nonlinear refractive index (nz) was
negative for all the films, indicating self-defocusing behavior, as it increased
from (-2.237 x 10° cm*W) for ZnO films to (-2.201 x 10° cm*W), (-2.145 x
10~° cm?W),, and (-1.995) x 10° cm*W) for AZO, TZO, and ATZO films,
respectively, indicating the improvement of the nonlinear performance of the
films after doping. It was also observed that the real part of the nonlinear
susceptibility decreased with doping, while the imaginary part increased, and
the nonlinear susceptibility (%(3)) decreased with doping. Thus, the improved
linear and nonlinear structural and optical properties of the prepared films make
them suitable for various applications such as solar cells, optoelectronic devices,

optical switching, and frequency conversion.
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Abstract

Pure zinc oxide (ZnO) thin films, doped with aluminum (Al) and tin (Sn)
elements separately, in addition to co-doping (ATZO), were prepared using a
chemical Pyrolysis Method on glass substrates at 400°C. The effect of doping
and co-doping on the crystal structure, linear and nonlinear optical properties,
and surface morphology of the films wasn't analyzed. The XRD pattern of pure
ZnO shows sharp and high peaks and a regular crystal structure of hexagonal
(wurtzite) type. These peaks align with various crystallographic orientations,
including (100), (002), and (101), all of which are characteristic of the ZnO
structure. The (101) peak reached the highest intensity among the planes in pure
Zn0O films, but its intensity decreased in the doped films. Scanning electron
microscope (SEM) images showed that doping led to an increase in the grain
size, indicating the effect of doping on crystal growth and improvement of the
surface structure. In terms of linear optical properties, spectroscopic
measurements using UV-VIS spectroscopy showed that the optical
transmittance of the films increased with doping, rising from 60% for pure ZnO
films to 72%, 76%, and 78% for AZO, TZO, and ATZO films, respectively. We
recorded a decrease in the absorbance, reflectivity, linear refractive index, linear
absorption coefficient, and extinction coefficient. The energy gap (Eg)
increased from 3.235 eV in ZnO to 3.237 eV, 3.249 ¢V, and 3.271 ¢V in TZO,
AZO, and ATZO, reflecting the effect of doping on the electronic structure of
the materials. For the nonlinear optical properties (NLO), the effect of doping

was analyzed using the Z-Scans technique.

The results showed that doping reduced the nonlinear absorption coefficient
(Beff), which decreased from 5.294 cm/w in pure ZnO films to 5.107 cm/w,
4.853 cm/w, and 4.794 cm/w for AZO, TZO, and ATZO films, respectively. We
attribute this decrease to the increase in free carriers, which mitigates nonlinear

absorption effects like two-photon absorption (TPA).
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