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Abstract

In this study, Cadmium Oxide (CdO) thin films were prepared on glass
substrates at different deposition temperatures (400, 450 and 500) °C by the
chemical spray pyrolysis technique under a pressure of 2 bar and a deposition
rate of 4 mL/min with a pause of 180 s between each round of spray. The effect
of temperature variation on the structural and optical properties of the prepared
films was investigated. The absorbance spectra of the thin film samples were
measured using a UV-Visible 1800 double-beam spectrophotometer over a
wavelength range of (350-950) nm. Moreover, the thickness of the films was
calculated by different methods for the sake of accuracy, including the
traditional weight method, cross-sectional SEM images, and the OPTIFIT
method. It was found that the average thickness of the prepared films is
approximately 320 nm. Furthermore, the structural properties of the samples
were examined by XRD, FE-SEM, AFM, and EDX techniques. XRD results,
based on reference cards (01-075-0591) and (01-078-0653), indicated
a polycrystalline-cubic structure of CdO samples with several peaks.
Additionally, the crystalline size increased and decreased slightly and almost
constant with increasing substrate temperatures (18.69, 17.79 and 18.75) nm.
EDX measurements also revealed the percentage of Cd as 7.3% and oxygen as
37.6% within the films. SEM images revealed spherical or near-spherical
shapes of the particles, with an increase in their grain size with increasing
the deposition temperature, as (25.66, 34.87 and 41.62) nm for (400, 450 and
500) °C, respectively. AFM measurements showed that the surface roughness
of the samples increased with increasing the temperatures substrate, as (14,
20.75, and 40.16) nm, for (400, 450 and 500) °C respectively. The root means
square roughness values were found to be (18.42, 27.15 and 51.04) nm, while
the particle diameters were found around (80.63, 136.4 and 46.88) nm for
temperatures of (400, 450 and 500) °C, respectively.

The optical properties of the samples were detailed using UV-Visible
spectroscopy, FT-IR, and photoluminescence (PL) spectroscopy. The UV-
Visible spectra showed that the absorbance spectrum varied with wavelength,
and the highest magnitudes located around 350 nm, whereas the lowest located
around 750 nm, then stabilized between (750-900) nm. On the other hand, the
highest absorbance was observed for the 400 °C sample, while the lowest one
was for the 500 °C sample. The direct optical bandgap decreased with
increasing deposition temperatures, ranging as (2.51, 2.44 and 2.37) eV for



temperatures (400, 450 and 500) °C, respectively. Some optical constants, such
as absorption coefficient, refractive index, extinction coefficient, optical
conductivity, as well as the real and imaginary parts of dielectric constants,
decreased with increasing temperature.

FT-IR measurements identified chemical bonds as functions of wavenumber,
with the Cd-O bond appearing in the range of (470-690) cm™'. Functional
groups, such as carbonyl (C=0) and hydroxyl (O-H) groups, were also
identified. The FT-IR exhibited two types of bond motions; stretching and
bending. PL results using (CIE 1931 and 1976) diagrams showed that the
emission colors at 400 °C are within the blue-orange range, and at 450 °C are
within the red-orange range, meanwhile at 500°C are near the diagram's center,
indicating a shift toward white or balanced color containing multiple
wavelengths.

Additionally, CdO films were irradiated with UVC radiation for different
exposure times (1-5) hr with systematic increments each 1 hr. A slight decrease
in both absorbance spectrum and energy bandgap was observed, where the
energy bandgap ranging (2.51-2.46) eV at 400 °C, (2.44-2.42) eV at 450 °C and
(2.37-2.34) eV at 500 °C for the mentioned exposure times.

Moreover, Porous Silicon (PSi) was prepared using a p-type silicon wafer of 2
cm? by electrochemical etching method with a mixture of hydrofluoric acid
(HF) and ethanol with (15% concentration), then applying a current density of
10 £2 mA/cm? for 10 min. FT-IR, AFM, and PL measurements were also
conducted for the prepared PSi. FT-IR measurements identified chemical bonds
within the wavenumber range of (450-4000) cm™. AFM results showed that the
surface roughness of the PSi is around 3.19 nm and a root mean square was
found to be 4.56 nm. PL measurements of PSi exhibited maximum
luminescence intensities at (782.53, 606.89 and 465.53) nm.

Finally, p-n junction then n-CdO/p-PSi photodetector was fabricated from CdO
samples prepared at different deposition temperatures (400, 450 and 500) °C.
The spectral response (R;), specific detectivity (D*), and quantum efficiency
(QE) were calculated for samples at all deposition temperatures. The results
showed that the R values are (0.6, 0.5, and 0.37) A/W, while the D* values are
approximately (8.6, 7.2, and 5.3) x10' J, and the QE values are (100.4, 83.6,
and 69.19) % for deposition temperatures (400, 450 and 500) °C, respectively.
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