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Abstract

In this study, thin zinc oxide (ZnO) films were prepared on glass
substrates at various temperatures (300, 350 and 400) °C by the chemical
spray pyrolysis technique under a pressure of 2 bar and a solution flow rate
of 4 mL/min, with a pause of 180 s after each spray. Our study investigated
the effect of temperature variation on the optical and structural properties
of the prepared films. A UV-Visible 1800 double-beam spectrophotometer
was used over a wavelength range of 370-900 nm to measure the
absorption spectrum, The thickness of the prepared films was measured
using two methods to ensure accuracy: the gravimetric method and cross-
sectional FE-SEM images, with the average thickness of the prepared film
being 300 nm. Measurements of the structural properties were carried out
using XRD, FE-SEM and EDX analyses. The XRD results, when
compared with the patterns (96-230-0115, 01-075-1526 and 00-003-0752)
that the zinc oxide films have a polycrystalline, hexagonal structure and
that the crystal size increases with increasing temperature of the deposition
bases; the average crystal size was (20.683, 27.545 and 36.314) nm at
temperatures of (300, 350 and 400) °C, respectively. Energy-dispersive X-
ray spectroscopy (EDX) results showed that the zinc content was (24.4,
13.1 and 12.5) and the oxygen content (33.6, 42.1 and 44.1) at the same
temperatures, respectively. Results of the Scanning electron microscopy in
the Emission Field (FE-SEM) showed that the particles were spherical or
sub-spherical in shape and aggregated in clusters; an increase in particle
diameters was also observed, with values of (21.463, 28.659 and 37.652)
nm at the same temperatures, respectively. The optical properties of the
prepared films were measured using UV-Visible spectroscopy, which
revealed that the absorption spectrum varies with wavelength reaching its
maximum value at wavelengths (370-390) nm as the wavelength increased
beyond 400 nm, the absorption decreased significantly and approached
zero in the visible light region. The highest absorption value was recorded
at a temperature of (300) °C and the lowest at (400) °C The optical energy
gap was calculated and found to decrease with increasing temperature of
the deposition substrates; the values calculated using the Tauss equation
were (3.279, 3.274 and 3.269) eV for temperatures of (300, 350 and 400)
°C, respectively. Furthermore, certain optical constants such as the



absorption coefficient, extinction coefficient, refractive index, real and
imaginary permittivities and optical conductivity were found to decrease
with increasing temperature. The zinc oxide films were irradiated with
ultraviolet (UVC) radiation with a wavelength range of (100-280) nm for
different irradiation times ranging from (1-3) hr in sequential increments
of 1 hour in each irradiation process. A slight increase was observed in the
absorption spectrum and decrease the optical bandgap values with the
bandgap values ranging from (3.2789— 3.2713) eV at a temperature of 300
°C, and were in the range of (3.2691-3.2595) eV at 350 °C; at 400 °C they
were (3.2645-3.2609) eV for the aforementioned irradiation times. Porous
silicon (PSi) was also prepared using a p-type pure silicon wafer by
electrochemical etching, employing an electrolytic solution consisting of
ethanol and hydrofluoric acid (HF). The concentration of the mixture was
(0.15) mol, with a current density of (10+2) mA/cm? and the etching time
was (10) min. A p-n junction was fabricated, and a cadmium oxide
photodetector was then prepared at a temperature of (350) °C The spectral
response was calculated and found to be (0.607) A/W, whilst the spectral
sensitivity was (8.682 x 10'?) J and the quantum efficiency was (100.404)
%.
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