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Abstract:

This study is focused on the optical properties of thin films of p-type semiconductor
CuO prepared by spray pyrolysis deposition technique. This film is grown at 350°C on
glass substrate. The optical properties are considered because of its application as
photovoltaic cells and solar energy conversion. These properties are evaluated from UV-
VIS spectra. The results are shown high absorbance at UV region, which decreases
rapidly in VIS-IR region whereas they show direct transition energy gap of 2.094 eV.

1.Introduction:

Thin film is a layer of material
having thickness of the order of few
nanometers[1]. In the past couple of
decades, a large amount of research is
carried out on semiconducting thin films
for various device applications. A good
amount of literature is available on the
preparation and characterization of
semiconductor chalcogenide materials
[2].

The development of semiconductor
thin films is one of the key technologies
for pn-junction based devices such as
diode, transistors, and light emitting
diodes. Copper oxide (CuQ) has unique
features such as low cost, non-toxicity,
the abundant availability of copper, high
efficiency and  relatively  simple
formation of the oxide layer, etc.
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Copper oxides materials are
known to be p-type semiconductors in
general and hence potentially useful for
constructing junction devices such as p-n
junction diodes [3,4,5]. A part from the

semiconductor  applications, these
materials have been employed as
heterogeneous catalysts for several

environmental processes [6,7], solid state
gas sensor heterocontacts [8,9], and
microwave dielectric materials [10].
Their use in power sources has received
special attention. Thus, in addition to
photovoltaic devices one of the important
advantages of using CuO in device
applications is that it is non-toxic and its
constituents are available in abundance
[11]. Because the chemical and physical
properties of CuO are strictly dependent
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of its size and morphology thin films of
copper oxide have been prepared by a
number of techniques including spray
pyrolysis [12], sol-gel synthesis [13] and
electro deposition [14],s0l-gel synthsis

[15], chemical vapor deposition[16],
pulsed laser deposition[17] and electro
deposition[18].

In this study CuO thin films prepared
by a spray pyrolysis technique , which is
a well-known nanostructured thin film

2.Experimental part:

Copper chloride dehydrate
(CuCl,.2H,0) is wused in making the
precursor solution for CuO thin films, to
obtain 0.1 molarity concentrantion of
CuCl,.2H,0 solution, an amount of 4.262
g of CuCl,.2H,0 that is dissolved in 250
ml of distilled water and the solution is
stirred in a magnetic stirrer at room
temperature for 10 minutes in order to
get a transparent and well-dissolved
solution.

Microscope glass slides are used as
substrate cleand with organic solvents .
The substrate temperature is fixed at 350
C’, the spray rate is usually in the range
2.1 ml/min, the distance between
substrate to spray nozzle is 30 cm and air
pressure 0.35 bar, respectively.

The optical measurements of the CuO
thin films are calculated from the
transmittance and absorbance spectrum
at normal incidence over the range (190-
1100)nm by using UV-VIS
Spectrophotometer type (SHIMADZU)
(UV-1650).
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preparation method with excellent
features such as the need for no
sophisticated equipment, and quality
targets or substrates, as well as film
thickness and stoichiometry are easy to
control and the resulting films are well
compacted [19].

Here we have investigated the optical
properties of CuO thin film deposited
onto glass substrates using SPD
technique.

Thickness of the prepared thin film
has been measured by using the optical
interferometer method employing He-Ne
laser 0.632 pm with incident angle
45°.This method depends on the
interference of the laser beam reflected
from thin film surface and then substrate.
The film thickness (d) can be calculated

using the following formula [14]:
AAx

=2 (1)
where A is the wavelength of He-Ne
laser.

From the absorbance data, the
absorption coefficient a is calculated in

the fundamental absorption region using
Lambert law [20]:

A
a = 2303 2)

where A is the optical absorbance and d
is the film thickness.
Extinction coefficient (k) of prepared
film is calculated by using the relation
[21]:

al

T 4n

(3)
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Where A is the wavelength of the incident
photon.

The reflectance (R) has been found by
using the relationship [22]:
R+A+T=1 (4)
Now, from the reflectance data, the
refractive index (n) is calculated by the
following relationship [23]:

1+VR
n = (5)
1-vVR
It has been calculated the optical
conductivity o [24]:

3. Results and Discussion:

The absorption spectrum of CuO film
Is as shown in Fig.(1). It can be noticed
that high absorbance at UV region, then
it decreases rapidly in the visible region
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Where c is the velocity of light.

The nature of transition (direct or
indirect) is determined by using the
relation[25]:
ahv = a(hv — Ey)" (7)
where hv is the photon energy, E4 the
band gap energy, a and r are constants. It
iIs worth to note that for an allowed
direct transition, r=1/2 and for an allowed
indirect transition, r=3/2.

(6)

near IR region, so the absorption studies
revealed that the fabricated films are very
low absorptive at the visible region and
iIs more suitable for the fabrication of
solar cells [7].
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Fig. (1) Absorption spectrum of CuO thin film.

Fig.
coefficient

(2) shows the absorption
of CuO film which is
determined from equation(2). The
absorption coefficient of this film
increases rapidly beyond absorption edge
region and then decreased gradually
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because its inversely proportional to the
transmittance. One can evidently see that
CuO thin film has high wvalue of
absorption coefficient (0>10*cm™) which
IS conducive to increasing the probability
of direct transitions occurrence.
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Fig. (2) Absorption coefficient as a function photon energy of CuO thin film.

Extinction coefficient (k) has been
calculated using the Eqg.(3), so the
extinction coefficient of CuO film has
been shown in Fig. (3).1t is clear that the
extinction coefficient increase rapidly in
the UV range and then decreases. The
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increase and decrease in the extinction
coefficient is directly related to the
absorption of light which leads to
nonzero value of extinction coefficient
(k) for photon energies smaller than the
fundamental absorption edge [20].

Exitinction coefficient *10M6

o 200

400

600 800 1000

Wavelength (nm)

Fig. (3) Extinction coefficient against wavelength of CuO thin film.

Fig.(4) shows the reflectance spectrum
for CuO thin film. It is clear that
reflectance increases with increasing the
wavelength and then it has a peak at the
energies which is corresponding to the
energy gap of the film, then decreases at
the photon energy of larger values so this
behavior is attributed to the very low
absorbance of the film at the photon
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energies less than the forbidden energy
gap , and when it becomes more than or
equals to the energy band gap, a clear
value of absorbance appears because the
material electrons interaction with the
incident photon has enough energy to
make the electronic transition take place
and this result which is in agreement with
[24] .
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Fig. (4) Reflectance against wavelength of CuO thin film.

The refractive index of CuO thin
film is determined from Eq.(5). Fig.(5)
shows the variation refractive index of
CuO film as a function of the
wavelength, the values of the refractive
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index increases with increasing the
wavelength in UV and the beginning of
visible region . The results show that the
maximum value of refractive index of
prepared film IS (1.665).
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Fig. (5) Refractive index against wavelength of CuO thin film.

Fig.(6) shows the variation of optical

conductivity for CuO film as a function
of wavelength which using Eq.(6). It is
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clear that the optical conductivity
decrease with increasing the wavelength.
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Fig. (6) Optical conductivity against wavelength of CuO thin film.

The plots of (ahv)® versus the photon energy are shown in Fig. (7) of CuO film.
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Fig. (7) Variation of(ahv)® with photon energy for CuO thin film.

The linear behavior of the plot
curve is shown in Fig. (7) indicates the
existence of direct transitions. From the
straight line obtained at high photon
energy the direct allowed energy gap

4. Conclusion:

CuO thin film was deposited on to
glass substrate at temperature (350°C),
has been prepared using SPD technique
with a solution of CuCl,.2H,0. The film
exhibits high absorbance values at
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could be determined that equals (2.094
eV). This result is in a good agreement
with the results mentioned in Refs.
[9,17].

ultraviolet region which they decrease
rapidly in the visible/ near infrared
region, the film shows a direct transition
which was (2.094eV) for allowed energy
gap. The film has high wvalues of
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absorption coefficient(a > 10* cm™). The
spray pyrolysis method for the
production of thin solid films is a good
method for the preparation of thin films
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