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Abstract

CdO:NiO/Si solar cell film was fabricated via deposition of
CdO:NiO in different concentrations 1%, 3%, and 5% for NiO thin
films in RT and 723K, on n-type silicon substrate with
approximately 200 nm thickness using pulse laser deposition.
CdO:NiO/n-Si solar cell photovoltaic properties were examined
under 60 mW/cm? intensity illumination. The highest efficiency of
the solar cell is 2.4% when the NiO concentration is 0.05 at 723K.
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Introduction

A solar cell is a large-area p-n
junction structure design to convert the
sunlight  into  electric  current
efficiently[1]. Solar cell uses the
photovoltaic effect, where by excess
photo generated minority carriers
which are separated by a junction with
a built-in field [2]. Once separated,
they arrive as majority carriers on the
opposite sides of the junction. This
excess majority carrier concentration is
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responsible for the creation of voltage
cross the external circuit. If a load is
attached to this circuit, a current starts
to flow and useful work is done [3, 4].

Main structure of solar cell

The solar cell is a structure
consisting of two active layers.
1) a thin heavily doped top layer called
the emitter or window layer.
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2) a thick moderately doped bottom
layer, called the base or absorber with
opposite doping [5, 6].

Parameter of solar cell

Many parameters are used to
characterize solar cell in this section,
we will briefly review some of these
parameters and how they influence the
performance of the device. Fig. 1
shows the I-V characteristics of a solar
cell in the dark and under illumination.
The Iy and V.. are the short circuit
current and the open circuit voltage, In
and V, are the current and voltage
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corresponding to the maximum power
point. This point where maximum
power can be generated by the
device[7, 8].

N= Pm/Pin = FF Xl /Pi%x100% 1)
where: FF is the fill factor, n: the
photovoltaic  conversion efficiency
which is another important parameter.
It's a measure of the amount of light
energy that is converted into electrical
energy [9, 10].

Pm: is the area of the maximum power,
and pin is the incident power.

Dark Light

Fig. 1: I-V curve of the solar cell in dark and under illumination [11].

where F.F is defined as the ratio of
the maximum power that can be
derived from a solar cell to the product
of the Jsc and V. occur, no power is
generated because the occurrence of
one of these parameters means that the
other is zero [12, 13].

Experimental work [14, 15]
a- Preparation of pure CdO and
CdO:NiO target

pure CdO and doping with NiO
content concentrations of high purity
(99.999%) pressing under 6.5 tons to
target of 2.5 cm diameter and 0.4 cm
thickness. it should be dense and
homogenous as possible to ensure a
good quality of the deposit.
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b- Substrate preparation

The behavior of that substrate is
extremely important because it greatly
influences the properties of the films
deposited on it. The cleaning of
substrate has strong effect on the
adhesion properties of the deposited
films.

c- Cleaning procedure of silicon
wafer

The etching process is electrode
less since there is no applied bias
voltage during the etching process.
n-type Si  was used as a starting
substrate in the etching. The samples
were cut from the wafer and rinsed
with acetone and methanol to remove
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dirt. In order to remove the native
oxide layer on the samples, they were
etched in diluted HF acid (1:10) using
ultra sonic bath. The etching time was
chosen to be 15 minutes.

d- Pulsed Laser Deposition (PLD)
technique

The pulsed laser  deposition
experiment was carried out inside a
vacuum chamber generally at (10
mbar) vacuum conditions and kept at
lower pressure  (8*10%mbar) a
background gas for specific cases of
oxides and nitrides. Photograph of that
set-up of laser deposition chamber,
which shows the arrangement of the
target and substrate holder inside the
chamber with respect to the laser
beam. the focused Nd:YAG Q-
switching laser beam coming through a
window was incident in the target
surface making an angle of 45° to
precipitate more film on the glass slide,
with respect to the normal to the target
with 500 no. of shots, frequency 6 Hz
and energy 500 mJ.

e- Solar cell measurements
The current-voltage characteristics

measurements:

The following apparatuses used in
studying the 1-V characteristics:

1. Digital electrometer (Keithley type
616).

2. Power supply (FARNELL type
L30/E).

3. Halogen lamp.

4. Electromotive force (emf) was
supplied on both sides of the solar
cell, by using the power supply,
and then a digital electrometer type
"Keithley was used to calculate the
output voltage. Another digital
electrometer with the same type
was used to calculate the output
current.
Measurement  of
efficiency:

solar  cell
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5. 1-V measurement have made for
n-CdO:NiO/n-Si hetrojunction
when they were exposed to halogen
lamp light, philips (60 mW), with
intensity (100 mW/cm?) using
Keithley digital electrometer 616,
voltmeter and D.C. power supply
under reverse bias voltage which
was in the range (-2 to 2) volt.

Results and discussions of n-
CdO:NIiO/Si solar cell thin films
measurements

The current—voltage characteristics

In order to determine the
performance of a solar cell device, as
well as its electrical behavior, current
density-voltage (J-V) measurements
were performed. The relation between
the photocurrent density (J,n) and bias
voltage (V) of the CdO:NiO at
different concentrations and annealing
temperature were presented in Figs. 2-
9. The measurements were carried out
under power density equal to 60
mW/cm?.

Figs.2-9 show that the photocurrent
density increases with increasing of the
bias voltage, i.e. Jon increases with

increasing of the depletion region
width (W) according to the
relation [16];

loh = ga Gpn (Lp+ Ln + W) (2)

where Gpn is generation rate of photo
carriers, L, and L, are the diffusion
length of holes and electrons. The
width of the depletion region increases
with increasing of the applied reverse
bias voltage, which leads to separate
the electron-hole pairs and then
increase the photocurrent density. The
forward and reverse bias photocurrent
density is a function of the generation
and diffusion carriers. we can observe
from  figures below that the
photocurrent density increases with
increasing of annealing temperature,
this is attributed to the increasing in the
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grain size and reducing the grain
boundary and improvement of
structure, which leads to the increase
of the mobility of electron and increase
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the photocurrent density as well as the
increase of the depletion width which
leads to an increase in the creation of
electron-hole pairs.
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Fig. 2: Current versus voltage for pure CdO at room temperature.

I (mA)
o o

™Y T T T T

21 cdo pure 72 /
A+

0.3 0.4

V (V)

Fig. 3: Current versus voltage for pure CdO at 723K.
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Fig. 4: Current versus voltage for CdO:0.01 NiO at R.T.
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Fig. 5: Current versus voltage for CdO:0.01 NiO at 723K.
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Fig. 6: Current versus voltage for CdO:0.03 NiO at R.T.

67



Iragi Journal of Physics, 2017 Suaad Khafory et al.

0.03 723K

.—I—I—I—I—‘-———v.v' : LI B B B N S L e | T T T T T T
-0.2 -0.1 0:0 0.1 0.2 0.4 0.5
0.1 1 V (V)

04t
Fig. 7: Current versus voltage for Cd0:0.03 NiO at 723K.
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Fig. 8: Current versus voltage for Cd0:0.05 NiO at R.T.
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Fig. 9: Current versus voltage for Cd0:0.05 NiO at 723K.

Tablel: The fill factor and solar efficiency for CdO pure and CdO:NiO at R.T and 723K.

An n-CdO:NiO thin films was
successfully deposited on a n-Si
substrate to yield a
solar cell by pulse laser deposition
technique. The solar cell conversion
efficiency  (n-CdO:NiO/n-Si)  with
different doping concentrations 0.01,
0.03 and 0.05 in R.T and 723K under a
60 mW/cm? illumination condition was
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and films annealing was found 0.054,
0.315 and 2.47 the highest efficiency
of the solar cell is 2.4% when NiO
concentration is 0.05.
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