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Abstract

Nickel oxide (NiO) thin film has been deposited on a glass substrate at a temperature of 390°C +
10°C using a simple and inexpensive spray pyrolysis technique. Nickel nitrate salt solution
(Ni(NO3),:6H.0) was employed to prepare the films and the film thickness was in order of 200 + 5
nm. The structural, optical and electrical properties of NiO films were investigated using X-ray
diffraction (XRD), visible spectrum, DC conductivity and Seebeck effect measurements. The results
show that X-ray diffraction techniques have shown that prepared film is polycrystalline struc-
ture type cubic phase. The measurements of optical properties (transmittance (T) and absor-
bance (4)) of NiO films show that higher transmittance is 37.4% within the wavelength range (300
- 900 nm). Also the results have shown that the higher absorbance is 77.7%. The results of elec-
trical properties have shown that at room temperature electrical conductivity is 1.3 x 10-5
(Q:cm)-1, and also results have shown that all the films are of p-type due to the negative Seebeck
coefficient.

Keywords

Nickel Oxide, Spray Pyrolysis Technique

1. Introduction

NiO is a well-known antiferromagnetic material [1], and a metal-deficient p-type semiconductor [2] with a 3.6
eV band gap [3]. Nickel oxide (NiO) films have a wide range of applications due to their excellent chemical sta-
bility. They have been used as catalysts [4], electrochromic display devices [5], fuel cells [6] and gas sensors [7].
The nickel oxide thin films have been prepared using various techniques including thermal evaporation [8],
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spray pyrolysis [9], chemical vapor deposition [10], electrochemical deposition [11], sol-gel [12] [13], sputtering
[14] [15], chemical solution deposition [16] [17], etc. All these methods offer different advantages depending on
the application of interest and many efforts have been conducted to obtain films with the desirable physical
and/or chemical properties. Among the different methods for film deposition, the relative simplicity of the spray
pyrolysis method and its potential application for large area deposition make it very attractive and feasible for
mass production processes [18]. Although SPT has been employed in the past to deposit NiO films through ace-
tylacetonate [19] and nitrate [20] routes, their characterization has sparsely been carried out. Aqueous solutions
are commonly used in the SP system to deposit thin films due to ease of handling, safety, low cost and availabil-
ity of a wide range of water-soluble metal salts [21].

2. Experimental Procedure

Nickel oxide thin films were prepared by spraying a 0.1 M solution of nickel nitrate of doubly distilled water
onto the pre-heated amorphous glass substrates kept at 390°C + 10°C. Film thickness was measured by using the
weight difference method considering the density of the bulk nickel oxide. As the density of thin films was cer-
tainly lower than the bulk density, the actual film thickness would be larger than the estimated values. The
structural, optical and electrical characterization of the films deposited at optimized preoperative parameters was
carried out. The X-ray diffractometer (Shimadzu 6000) Target: CuKa, Voltage 40 KV, Current 30 MA. Where 4
is the X-ray wavelength (1.54060 A). The optical measurements comprise measuring the absorbance and trans-
mittance with range (300 - 900 nm), in the current study, by using (UV-1650PC Shimadzu software 1700, 1650,
UV-visible recording spectrophotometer). A two-probe resistivity unit was used to measure the electrical resis-
tivity of the films in the temperature range (30°C - 170°C). Thermoelectric power is an effective method for es-
timating the type of charge carrier (n-type or p-type) especially those materials of large energy gap and transport
mechanism in polycrystalline semiconductors.

3. Results and Discussions

The nickel oxide thin films were analyzed by X-ray diffraction technique to study the structural identification
and changes in the crystalline. The XRD patterns of nickel oxide thin film are shown in Figure 1. It is found that
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Figure 1. The X-ray diffractograms of NiO films.
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the film was polycrystalline consisting of one cubic phase, comprising a strong reflection along (111) plane. By
comparing the XRD pattern with the JCPDS data, it was found that the product is nickel oxide (JCPDS file no:
73-1519). Also The prepared film, which agrees with that in the literatures P. S. Patil and L. D. Kadam, (2002)
[21] V. Patil, et al. (2011) [22] H. L. Chen, et al. (2005) [23] and I. Fasaki, et al. [24]. The diffragram of the new
film shows one pronounced diffraction peaks, (111) appear at 20 = 28.001°. The X-ray result shows that the film
was crystallized in the cubic phase with polycrystalline structure.

4. Optical Properties

In studying the varied spectrum of transmittance, absorbance and reflectance for these films, we can calculate
many optical constants, like absorption coefficient, and allowed and forbidden energy gap for direct translations.

4.1. Transmittance (T)

Figure 2 shows the optical transmission as a function of wavelength in the range (300 - 900 nm) for NiO films.
The maximum transmittance observed was almost (37.4%). The figures show that the transmittance of film has a
high value (more than 32.64%) at (A > 500 nm), i.e. in visible and near infrared regions. Our result is in good
agreement with P. S. Patil and L. D. Kadam, (2002) [21].

4.2. Absorbance (4)

Figure 3 shows the variety of observance as a function of wavelength, within the range (300 - 900 nm) for NiO
film’s investigation. It can be noticed from the figure that the absorbance for films has a high value at wave-
lengths in the near of the fundamental absorption edge (360 nm). In general the observance of films has low
values in the visible and near infrared region, this behavior can be explained as follows, at high wavelength the
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Figure 2. Transmittance (%) versus wavelength for NiO films.
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Figure 3. Absorbance versus wavelength for NiO films.
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incident photons don’t have enough energy to interact with atoms, the photon will transmitted. When the wave-
length decreases, the interaction between incident photon and material will occur, and then the absorbance will
increase.

4.3. Reflectance (R)

Reflectance is defined as the ratio of the reflected intensity rays to the value of the intensity of incident rays.
Reflectivity can be calculated from absorption and transmission spectrum in accordance to the law of conserva-
tion of energy by the relation [25].

R+T+A=1 Q

where: R: is the reflectance; T: is the transmittance; and A: is the absorbance.
The change of reflectance as a function of wavelength is shown in Figure 4 of films. The figure shows that
the reflectance of films is extremely low in the visible region and it increases with decreasing of wavelength.

The behavior of reflectance is in agreement with the behavior of transmittance and absorbance according to Eg-
uation (1).

4.4. Absorption Coefficient Measurements: («)

The absorption coefficient () has been calculated from Equation (2). This coefficient depends on the incident
photon energy (/v), the energy gap of semiconductors and the type of the electronic transitions. Figure 5 shows
the change of the absorption coefficient of films as a function of incident photon energy. It is observed that the
absorption coefficient («) increases gradually with the incident photon energy, and that value is greater than (10*
cm 1) which indicates the strong possibility of direct electronic transitions [26]. Nickel oxide is a high band-gap
semiconductor with the absorption edge in the UV region and no absorption in the visible region [21].
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Figure 4. Reflectance versus wavelength for NiO films.
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Figure 5. Absorption coefficient versus photon energy for NiO films.
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a= 2'303TA @
where: a is absorption coefficient, A is the absorbance, it is the thickness of the film.

4.5. Optical Energy Gap

From the transmittance and absorption data and according to relation, («E)? versus incident photon energy, (E),
plots were obtained. The graphs are represented in Figure 6. The values of band gap can be determined by ex-
traplotting the linear portion of the curve to (a/v)® = 0. The band gap energy values are found to be 3.3 eV. Our
result is in good agreement with S. A. Mahmoud, et al. (2011) [18], P. S. Patil and L. D. Kadam, (2002) [21]
and V. Patil, et al. (2011) [22].

5. Electrical Properties
5.1. Electrical Resistivity Measurement

The resistivity of the film depends upon several factors such as the preparation technique, the preparation para-
meters, the doping agent, the annealing temperature and even the measurement conditions. The resistivity for the
deposited thin films was calculated by using Equations (3) at temperature within the range (30°C - 170°C) [27]:
bt

| ®)
where: R is the resistance of the sample (thin film); b is the width of (Al) pole; t is the film thickness; | is the
distance between two (Al) poles.

Figure 7 shows the variation of electrical resistivity with temperature for NiO films, it is observed that
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Figure 6. (aE)? versus photon energy for NiO films.
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Figure 7. Resistivity versus temperature for NiO films.
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resistivity decreases with increase in temperature and supports the semiconducting nature of NiO films. Elec-
trical resistivity of nickel oxide thin films have been studied by many researchers [2] [16] [29]-[31], and re-
ported resistivity is in the range of 10 - 10° (Q-cm).

5.2. Activation Energy (DC Conductivity)

Then plotting the relationship of Inopc versus (1000/T) to determine the activation energy of the conductivity as
shown in Figure 8 from the production of the slope (of the plot) by Boltzmann constant in (eV) units as the Eg-
uation (4). It has been noticed that in general and in all films that the DC conductivity (o) increases with in-
creasing the temperature and that is the natural state which means normal property from properties of semicon-
ductors that have a resistance of negative thermal coefficient, whereas the concentration of carriers increase with
increasing the temperature [32]. The values of the film activation energy are given in Table 1.

E, = 0.08625x slope (4)

5.3. Thermoelectric Power (Seebeck Measurements)

The measurement of thermoelectrical power as a function of temperature, is one of the most important characte-
ristics of electronics, Seebeck measurements confirmed that NiO films were p-type. The Seebeck coefficient of
films was calculated from voltage (mV) versus T (K) plot as shown in Figure 9. The calculated values of S, are
tabulated in Table 1.

5.4. Activation Energy (Thermoelectric Power)

The activation energy (Es) of films was calculated from S, (mV/K) versus 1000/T (K) plot as shown in Figure
10. The calculated values of (E;) are tabulated in Table 1.

6. Conclusion

From the obtained results of the present work it can be concluded that:

The X-ray result shows that the crystalline structure of (NiO) film is crystallized in the cubic single phase
with polycrystalline structure. It is formed and the films show preferential growth along the direction. The best
transmittance was 37.4% within the wavelength range (300 - 900 nm), and the highest observance was at wave-
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Figure 8. Activation energy for NiO films.

Table 1. Show properties of NiO thin films prepared by spray pyrolysis technique.

Electrical resistivity Activation . Activation
Thickness (nm) engandEg?EV) at 303 K energy E, (eV) Tgﬁg?ﬂ?}g energy E, (eV)
2 (x10* Q-cm) of (DC conductivity) P of Seebeck
HT LT
200+5 3.3 0.07 041 02 0.124 0.0031
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Figure 9. Seebeck effect of NiO films.
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Figure 10. Activation energy for NiO films.

lengths in the near of the fundamental absorption edge (360 nm) for films. The refractive index reflectance of
films is extremely low in the visible region and it increases with decreasing of wavelength, the higher value of
the refractive index at 1 > 400 nm. It is observed that the absorption coefficient () increases gradually with the
incident photon energy, and that value is greater than (10* cm ), and thus the absorption coefficient is largely
increased at #v > 3.5 eV. This converts to a large probability that direct electronic transition will happen. The
value of optical energy gap (Eg) values is found to be 3.3 eV. It is observed that resistivity decreases with in-
crease in temperature and supports the semiconducting nature of NiO films. Reported resistivity is in the range
of 10 - 10° (Q-cm). Seebeck measurements confirmed that NiO films were p-type.
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