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Abstracts

As a departure from the preparation of solar cells with their well-known
structure as a p-n junction, three-layer solar cells were manufactured and built in
order to improve their sensitivity to light and thus increase their light
absorption.Thin films of zinc oxide semiconductor (ZnO) were deposited on glass
and silicon wafer substrates using Chemical Bath Deposition (CBD) method. The
effect of many factors on the optical, structural and electrical properties was
studied.

We stirred the solution at the lowest speed of the magnetic stirrer during the
deposition process, and the result thin films have almost constant thickness
regardless of the deposition period, which was between (1-3 hr), the deposition
temperature (50, 70 and 850C) and the change in the concentration of potassium
hydroxide, the thickness of the prepared films reached the limits of 29 -30 um.

The effect of the solution temperature during the deposition process was
studied (with the stability of chemical concentrations) and we found from the
scanning electron microscope images that the size of the particles decreases with
the increase in the deposition temperature due to the increase in the kinetics of the
solution with the increase in temperature and this agreed with the X-ray spectrum
and Raman spectrum .

The effect of variation of the potassium hydroxide concentration (0.22, 0.32
and 0.42 gm) at a constant temperature and deposition time (1hr and 850C) was
studied. Scanning Electron microscopy images showed the appearance of
nanoflowers in the films prepared from solutions containing 0.22gm of potassium
hydroxide, while The nanorods with a low density appeared with the nanoflowers,
at the concentration of 0.32gm, finally the nanorods became the dominant
composition with a high density at the concentration of 0.42gm. The electron
microscope images also showed an increase in the dimensions of the particles and
nanostructures with an increase in the hydroxide concentration as a result of the
increase in the interaction between potassium hydroxide and zinc chloride, which
will lead to an increase in the generation of zinc hydroxide.

The samples were annealed at a temperature of 300 °C for a period of 1hr ¢,
SEM images show a gradual change in the structure from nanoflowers to nanorods



in the annealed films, but when the annealing temperature was increased to 400°C
for a period of 1hr, this change did not appear in the structure as the annealing
temperature obstructed the generation of the nanorods , the electron microscope
images also showed an increase in the aggregation of particles and their
dimensions, accompanied by the appearance of nano-flowers with larger
dimensions and clearly after annealing at 500°C for 2hr .

Layers of carbon nano-thickness were deposited, and electron microscopy
images showed an increase in the dimensions of the carbon nanoparticles with the
change in the thickness of the film. The dimensions of the nanoparticles ranged
between (25.29-51.15 nm) for the layer of carbon with (60.4 nm) thickness , while
its dimensions became at (82.7 nm) thickness between (38.62-101.80nm) and at
thickness (95.2nm) it ranged between (33.98-146.91 nm) . X-ray spectrum showed
a group of peaks, including 26=69.27°, which belong to the nanostructures of zinc
oxide ZnO and other peaks at angles 26= 31.5° and 20=29.27° are reflect
the generation of carbon nanotubes in the carbon layer. The G & D peaks
also appeared in the Raman spectrum, which gives a second proof of the
generation of carbon nanotubes. The D peak appeared clearly at the wavelength of
1348.837 cm™, while the G peak appeared at the wavelength of 1451.139 cm™.

The optical properties of the prepared films were studied. We found that the
energy gap value at deposition temperature of 50°C changed from 3.25e¢V at
0.22gm concentration to 3.1eV at 0.42gm concentration, while the energy gap
value at 70°C deposition temperature changed from approximately 3.2eV at
concentration. 0.22gm to approximately 3.1eV at 0.42gm concentration, and the
energy gap value at 85°C decreased from 3.2eV at 0.22gm concentration to
approximately 2.7 eV at 0.42gm concentration. The convergence in the energy gap
value at 0.32gm concentration could be due to the multiplicity of nanostructures
types that formed in the prepared films (nanoflowers and nanorods), while a pure
nanflowers and nanorods have been formed at 0.22gm and 0.42gm concentrations
respectively.

The optical properties also showed that the energy gap value was almost
unchanged for a range of annealing temperatures between (400-2500C), where it
was about 3.2eV after annealing for a period of (1hr), while the energy gap value
became about 3.09¢V after annealing at 500°C and for the same time period When



the annealing time was increased to 2hr at a temperature of 500°C, the energy gap
value decreased from (3.09¢V) for the annealing time (lhr) to approximately
(3.06eV).

The electrical properties of Si-ZnO junction and Si-ZnO-CNT junction were
studied, the current-voltage characteristics appeared similar to those of the
forward and reverse bias diodes, in both dark and light states, where the intensity
of the shining light was within (15 W) and the current decreased with increasing
weight of potassium Hydroxide KOH (0.22). ,0.32 and 0.42gm) for prepared
films. As for the current strength in the current-voltage properties of the Si-ZnO-
CNT junction with the forward and reverse bias, we found that it increases with the
increase in the thickness of the carbon layer (42, 60.4, 82.7 and 95.2 nm).

The properties of the solar cell were studied for the both junctions , and the
effect of the intensity of the incident light on the cell was clear, as the change was
significant in the value of the closed circuit current and the open circuit voltage for
each intensity. The change in the concentration of potassium hydroxide for the Si-
ZnO junction led to an increase in the open circuit current due to the change in the
structure of the prepared films. We also found that the current intensity of the Si-
ZnO-CNT solar cell increases with the increase in the thickness of the carbon layer
(42, 60.4 , 82.7 and 95.2 nm).
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