Materials Research. 2018; 21(2): €20170681
DOT: http://dx.doi.org/10.1590/1980-5373-MR-2017-0681

Preparation and Characterizations of Monocrystalline Na Doped NiO Thin Films

Yacine Aoun®, Massilia Marrakchi®, Said Benramache®*, Boubaker Benhaoua‘, Said Lakel’,

Azzeddine Cheraf

“Laboratoire de Physique Photonique et Nanomatériaux Multifonctionnels, LPPNM, Biskra University,
07000, Biskra, Algeria
*Material Science Department, Faculty of Science, Biskra University, 07000, Biskra, Algeria
cUnité de Recherche en Energies Renouvelables en zones arides, 39000, El-Oued, Algeria

Received: July 24, 2017; Revised: November 27, 2017; Accepted: December 18, 2017

In the present work, the effect of Na doping on optical, structural and electrical properties of Na
doped NiO thin films were studied. The spray pneumatic method was used to deposit the Na doped
NiO thin films in the range 0 to 5 wt.%, it are investigated at a substrate temperature of 420 °C with
NiO solution 0.1 M. Firstly in the XRD specra, as found that a only (111) peak was observed for
Na doped NiO thin film indicate that the Na doped NiO thin films a monocrystalline in nature with
cubic structure. The maximum crystallite size of Na doped NiO thin films was 18.90 nm at 3 wt.%.
Secondary, the optical transmissions spectra Na doped NiO thin films having a high transparency with
comparing to undoped film in visible region. The band gap energy was decreased after doping by Na
and reaching a minimum value is 3.53 eV at 2 wt.%. The minimum value of Urbach energy was 0.312
eV, it is obtained at 3 wt.%. In the end, the minimum electrical resistance of the Na doped NiO films
was located at 5 wt.%. The optimum Na doping amount is achieved at 3 at %.
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1. Introduction

Nickel oxide (NiO) is one of the most important oxide
materials due to its excellent chemical stability and durability,
low toxicity, large span optical density, low cost and good
thermal stability'. There are several reports on deposition
of NiO thin films were found by various techniques such
as Sol-Gel methods, sputtering, chemical vapor deposition
and spray pyrolysis techniques®*.

NiO is considered to be a model p-type semiconductor
of semiconducting material with large a direct band gap
(3.4—4ev)’. However, in the past years, NiO was used as
a gas sensing due to their high optical transparency and
good electrical conductivity. So for, NiO have been widely
investigated as thin films for optoelectronic and photovoltaic
applications such as sensors®, fuel cell electrodes’, catalysis',
thermoelectric devices'!, and dye-sensitized solar cells
(DSSCs)'? and electrochromic material for displays'?.

Wu Chia-Ching and Yang Cheng-Fu'* investigated
the effect of Li doping on structural, optical and electrical
properties of Li doped NiO thin films by spray pyrolysis
technique. As a results, they found that the Li doped NiO
thin films with 8 at.% having a good transparency about 76
% in the visible region, and this film have p-type resistivity
of 4.1x107" Q with (111) preferred orientation.

The main objective of this work is to obtain a semiconductor
as Na doped NiO thin films with high crystalline structure,
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good optical and electrical properties. In this work, we have
studied the Na effect on structural, optical and electrical
properties of NiO thin films, the films were elaborated on
glass substrate by using spray pneumatic method at 420 °C
for 2 ml/min of deposition rate.

2. Experimental Procedure

2.1 Preparation of spray solution

NiO:Na solutions were prepared by dissolving 0.1M
nickel chloride hexahydrate (NiCl,, 6H,0) and x wt.% of
sodium chloride dehydrate (NaCl,, 2H,0) with the ratio of
Na/Ni = 0, 0.02, 0.03, 0.04 and 0.05. The mixtures were
dissolved in the solvent containing equal volumes absolute
ethanol solution (99.995%) purity, and then have added
a some drops of HCI solution as a stabilized, the mixture
solution was stirred at 50 °C for 120 min to yield a clear
and transparency solution.

2.2 Deposition of thin films

The NiO:Na solutions were sprayed on the heated glass
substrates by spray pneumatic method which transforms the
liquid to a stream formed with uniform and fine droplets of
25 um average diameter. The deposition was performed at a
substrate temperature of 420 °C with deposition rate was 2
mL/ min. The prepared NiO:Na films at different Na doping
levels are 0 wt.%, 2 wt.%, 3 wt.%, 4 wt.%, and 5 wt.%.
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2.3 Characterization

The structural properties of Na doped NiO films were
studied by means of X-ray diffraction (XRD Bruker AXS-8D)
with CuKa radiation (A = 0.15406 nm) in the scanning range
of (20) was between 20° and 50°.The optical transmission
of the deposited films was measured in the range of 300-
1000 nm by using an ultraviolet-visible spectrophotometer
(LAMBDA 25) and the electrical resistance R was measured
by four point methods.

3. Results and Discussion

3.1 Effect of Na doping on crystalline structure

We have reported in Figure 1, the spectra's of X-ray
diffraction of Na doped NiO thin films at different Na doping
levels. The XRD spectrum of the product relived that the
structure of NiO thin films is cubic structure (JCPDS) No.
73- 1519)". However, there is one diffraction peak was
detected in all spectra's at 20=37.3°, which is (111) phase
related to NiO phase, so that the Na doped NiO thin films
is monocrystalline nature. As shown in the Figure 1, the
intensities of (111) peak in Na doped NiO thin films was
decreased after doping. From Table 1 show that the diffraction
angle of (111) peak also was decreased after doping by Na due
to the atomic rayon of Na, the shift to lower angles of (111)
peak after doping has been indicated by the enhancement of
the crystallinity with a-axis orientation. The optimum result
can be observed with doped films at 2 and 3 wt.%.

Figure 1. X-ray diffraction spectra of Na doped NiO thin films
with various doping levels.
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The crystalline structure information was defined by the
interplanar distance, it is determined by the position of the
Bragg peaks, is a discontinuous function of the Miller indices
(h k1), which identify the crystallographic planes. The lattice
parameter a of Na doped NiO thin films was calculated from
XRD patterns by using the following equation*:

_ a
Ay = ((h2+k2+l2)) (1)

where d,, is the interplanar spacing, 4,k and / are the
mille indices of the planes and « is the lattice parameter of
(111) plane.

Figure 2, shows the variation of a - a of (111) peak of Na
doped NiO thin films as a function of doping level. As seen
in Figure 2, this variation is high than zero and decreased
with increasing the Na doping, which was found that the
lattice parameter of Na doped NiO thin films is smaller than
the undoped film. From Table 1 can observed that the a, - a
of (111) was decreased after doping by Na, which can be
explained by the decrease in the defects.

Figure 2. The Variation of a,-a of (111) peak in Na doped NiO
thin films as a function of doping level.

In order to study the crystalline structure, the crystallite
size G of (111) plane was calculated by the full width at half-
maximum (FWHM) and diffraction peak of (111) plane of
Na doped NiO films, as calculated by Scherer's equation's:

_ 094
" Bcosf @

Table 1. The measurements of Bragg angle 26, the full width at half-maximum FWHM, the crystallite size G, lattice parameter @ and
a,-a of (111) diffraction peak for Na doped NiO thin films with doping level.

Na Doping (wt.%) 20 (deg) B (rad) G (nm) a(nm) a,-a(nm)
0 37.645 0.00889 16.47 0.41385093 0.00374907
2 37.321 0.00885 16.53 0.41731416 0.00028584
3 37.386 0.00774 18.90 0.41661447 0.00098553
4 37.378 0.00787 18.61 0.41670045 0.00089955
5 37.300 0.00866 16.91 0.41754074 5.9259E-05
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where G is the crystallite size, A is the wavelength of
X-ray (A= 1.5406 A°), B is the full width at half-maximum
(FWHM), and 0 is angle of diffraction peak. The crystallite
sizes values and FWHM are illustrated in Table 1 as a function
of Na doping level.

In Figure 3, we reported the variation of crystallite size of
Na doped NiO thin films as a function of Na doping level, as
seen that the crystallite size of NiO thin films was increased
after doping by Na from 16.47 to 18.90 nm, when the Na
concentration increase from 0 to 3 wt.%, after this point, we
have found that the crystallite size to be decreased to 16.91 at
5 wt.%. The increase in the crystallite size of Na doped NiO
thin films can be explained by the enhancement of crystalline
structure of Na doped NiO thin films, but the decrease of
crystallite size of Na doped NiO thin films with decreasing
of a,-a variation (see Figure 2) can be related to improve
of electrical characterizations of Na doped NiO thin films.

Figure 3. The variation of crystallite size of (111) peak in Na doped
NiO thin films at different doping levels.

3.2 Effect of Na doping on optical properties

The effect of Na doping on optical property is shown
in Figure 4, we reported the optical transmission spectra
of Na doped NiO thin films as a function of Na doping
level. As shown that the optical transmission of Na doped
NiO thin films are improved after doping by Na. As can be
seen, the transmission of Na doped NiO thin films is varied
between 35 to 60 % in the visible region. The increase in
transmission of Na doped NiO thin films in the visible
region can be explained by the increase in crystallite size
in this region (see Figure 3) as expressed as'’. The region
of absorption edge was located between 360-300 nm in the
layers, it is a region of transition between the valence band
and the conduction band.

The optical property information was based on calculate
of band gap energy Eg, it is determined by the transmission
spectra which is transforms the all points to the absorbance
according to the following equations'®:

A=ad=—IT (3)

(Aw)*=B(w—E,) 4)

where A4 is the absorbance, d is the film thickness; 7 is
the transmission spectra of thin films; a is the absorption
coefficient values; B is a constant, sv is the photon energy
and E, the band gap energy of Na doped NiO thin films.

Figure 4. The transmission spectra of Na doped NiO thin films as
a function of doping level.

One can estimate the optical gap (Eg) starting from the
extrapolation of the curve which presents the evolution of
(4hv)?* as a function of Av. The intersection of the linear region
on the /v axis gives the E, . As shown in Figure 5a, the same
thing as the optical gap. The Urbach energy (E, ) is related to
the disorder in the film network, as it is expressed follow!:

A=A exp(%) (5)

where 4, is a constant, /v is the photon energy and E is
the Urbach energy, it is presented in Table 2. The Figure 5b
shows the drawn of LnA as a function of photon energy hv
for deduce the Urbach energy. We have obtained these curves
for each different film.

Figure 6 shows the variation of the optical band gap
energy £, and the Urbach energy £, of Na doped NiO
thin films at different Na doping levels. As clearly seen,
the variation of optical gap energy of Na doped NiO thin
films was decreased after doping by Na at 2 wt.%, this is
confirming that the electrical property was improved. The
minimum value of optical band gap energy was obtained in
the Na doped NiO thin film with 2 wt.% it is 3.53 eV. But,
5 wt.% have an optical energy highest one it is 3.64 eV, this
is related to film thickness in this point. However, the Na
doped NiO thin films having a few defect with minimum
value of Urbach energy, it is decreased after doping, the
minimum was found at 3 wt.% of 0,312 eV.
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Figure 5. a. The typical variation of (44v)* vs. photon energy /v for Na doped NiO thin films; b. The drawn of In 4 as a function
of photon energy (4v) for deduce the Urbach energy for Na doped NiO thin films.

Table 2. The variation of band gap energy E, and the Urbach energy
E of Na doped NiO thin films as a function of doping level.

Na Doping (wt.%) Eg(eV) E (meV)
0 3.62 0.422
2 3.53 0,357
3 3.60 0,312
4 3.54 0,352
5 3.64 0,329

Figure 6. The variation of optical band gap and Urbach energy of
Na doped NiO thin films as a function of doping level.

3.3 Effect of Na doping on the electrical
properties

In the final description of obtain results, Figure 7 show
the variation of electrical resistance R , of Na doped NiO
films as a function of Na doping level. It was determined
by following formula:

|4
R a (6)

where 7 is the applied currant = 0,5.10and ¥ is the
measurement voltage. As can be seen, the electrical
resistance of NiO films was decreased after doping by Na

Figure 7. The Electrical resistance variation of Na doped NiO thin
films as a function of doping level.

in all deposited films; this decrease can be explained by the
increase of crystallite size (see Figure 3). The decreases of
the electrical resistance with increasing of the Na doping can
be explained by increasing of the oxygen vacancy.

4. Conclusion

In this work, we have studied the effect of Na doping
on crystal structure, optical and electrical properties of NiO
thin films. The following results were obtained:

»  As found that a only (111) peak was observed for

Na doped NiO thin film indicate that the Na doped
NiO thin films a monocrystalline in nature with
cubic structure.

»  The maximum crystallite size of Na doped NiO
thin films was 18.90 nm at 3 wt.%.

»  The optical transmissions spectra showed all samples
of Na doped NiO thin films having a transparency
high than the undoped in visible region.

»  The band gap energy was decreased after doping

by Na and reaching a minimum value is 3.53 eV
at 2 wt.%.
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The minimum value of Urbach energy was 0.312
eV, it is obtained at 3 wt.%.

The minimum electrical resistance of the NiO films
was located at 5 wt.%.

The best estimated structure, optical and electrical
characterizations are achieved for sprayed Na doped
NiO thin films at 3 wt.%.
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