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Structural, morphological, optical and opto-thermal properties of
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Abstract. Nickel-doped zinc oxide thin films (ZnO : Ni) at different percentages were deposited on glass substrates
using a chemical spray technique. The effect of Ni concentration on the structural, morphological, optical and pho-
toluminescence (PL) properties of the ZnO : Ni thin films were investigated. X-ray diffraction analysis revealed that
all films consist of single phase ZnO and was well crystallized in würtzite phase with the crystallites preferentially
oriented towards the (002) direction parallel to the c-axis. The optical transmittance measurement was found to be
higher than 90%, the optical band gap values of ZnO thin films decreased after doping from 3.29 to 3.21 eV. A
noticeable change in optical constants was observed between undoped and Ni-doped ZnO. Room-temperature PL is
observed for ZnO, and Ni-doped ZnO thin films.
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1. Introduction

Zinc oxide (ZnO) is a wide band gap semiconductor with
an energy gap of 3.37 eV at room temperature. As a conse-
quence, ZnO absorbs UV radiation because of band-to-band
transitions. It has been used considerably for semiconducting
multilayers [1], photothermal conversion system [2], photo-
catalytic [3], solar cells [4], gas sensors [5] and transparent
electrodes [6]. Among all the oxide materials studied, in the
last years, ZnO emerged as one of the most promising mate-
rials owing to its optical and electrical properties, high chem-
ical and mechanical stabilities, together with its abundance
in nature, which makes it a lower cost material when com-
pared with the most currently used transparent conductive
oxide materials (ITO and SnO2).

Many methods have been described in the literature for the
production of ZnO thin films such as sputtering [7,8], ther-
mal evaporation [9], and spray pyrolysis [10] were applied
for the production of ZnO. Spray pyrolysis technique is pre-
ferred among these techniques since it is cheaper, simpler
and more versatile than the others, which allows the pos-
sibility of obtaining films with the required properties for
different applications as well as large area films.

The n-type semiconductor behaviour is originated by the
ionization of excess zinc atoms at interstitial positions and
the oxygen vacancies [11]. It is well known that the addi-
tion of dopants into a wide gap semiconductor, such as ZnO,
can often induce dramatic changes in the optical, electrical
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and magnetic properties [10,12]. Transition metal elements
have been successfully employed as dopants in ZnO such
as V, Cu, Mn and Ni [13–16]. Ni is an important dopant in
the magnetic materials [17–19]. Furthermore, Ni2+ (0.69 Å)
has the same valence compared with Zn2+ and its radius is
close to Zn2+ (0.74 Å), so it is possible for Ni2+ to replace
Zn2+ in ZnO lattice. Some research works on Ni-doped ZnO
showed that the luminescence properties of ZnO changed
after doping of Ni [20–23].

In this paper, the influence of Ni doping on the struc-
tural, morphological, optical and photoluminescence (PL)
properties of ZnO films is reported.

2. Experimental

Ni-doped ZnO thin films deposited on glass substrates were
prepared by the spray pyrolysis technique. Undoped ZnO thin
films were prepared using zinc acetate (C4H6O4Zn·2H2O)
dissolved in isopropyl alcohol to obtain a starting solution
with a 10−1 mol l−1 concentration.

Doping of ZnO thin films with nickel was carried out by
adding the compound source of Ni (NiCl2) in the starting
solution with an atomic percentage [Ni/Zn] = 2, 3 and 4 at.
wt%. The resulting solution was stirred at 100◦C for 20 min
to lead to a clear and homogeneous solution. Glass slides
(2 cm × 1 cm) were used as substrates. Before loading into
the system, the substrates were washed with detergent and
then completely rinsed in methanol, acetone and finally dried
in air. Then the substrates were progressively heated up to the
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required temperature, before being sprayed on. The deposi-
tion temperature Ts (temperature at the substrate surface) was
maintained at 460◦C.

The structure and the crystallinity of the ZnO and Ni-
doped ZnO thin films were determined by a copper-source
diffractometer (Analytical X Pert PROMPD), with the wave-
length λ = 1.54056 Å. The surface morphology of the films
was examined by atomic force microscopy (AFM) and scan-
ning electron microscopy (SEM). AFM experiments were
conducted on a Veeco (now Brüker) multimode used in con-
tact mode and SEM observations on a Quanta 200 FEI at 15
and 25 kV. In order to determine band gap energy and optical
constants of ZnO and Ni-doped ZnO in thin films, the opti-
cal transmission and absorption were studied in the wave-
length range of 200–3000 nm, using a Shimadzu UV3101 PC
spectrophotometer.

3. Results and discussion

3.1 Structural properties

The crystal structures of undoped and Ni-doped ZnO were
studied by means of X-ray diffraction (XRD). Figure 1 shows

Figure 1. XRD patterns of undoped and Ni-doped sprayed ZnO
thin layers.

the XRD patterns of undoped and Ni-doped ZnO. The XRD
patterns of these samples are in good agreement with the
Joint Committee on Powder Diffraction Standards (JCPDS)
(No. 36-1451) data of wurtzite (hexagonal) ZnO powder. It
is observed that undoped and Ni-doped ZnO samples exhibit
peaks corresponding to the (100), (002), (101), (102), (103)
and (112) planes, with the (002) peak showing the high-
est intensity in all cases, implying that all the samples have
a hexagonal crystal structure with a preferred orientation
with the substrate normal parallel to the normal of the ZnO
(002) plane. The diffraction peaks attributed to Ni-related
secondary phases have not been observed. In addition, the
position of the (002) peak shifted slightly (≈0.03◦) from
2θ = 34.45◦ in undoped ZnO film to higher angles as Ni
content increases (2θ = 34.48◦ for ZnO : Ni 4%), indicating
that Ni ions substitute Zn ions in the ZnO lattice owing to the
slight difference between the ionic radii of Ni2+ (0.069 Å)
and Zn2+ (0.74 Å) [24].

The lattice constants can be calculated using the following
relation [25]:

1

d2
hkl

= 4

3

(
h2 + hk + k2

a2

)
+ l2

c2
, (1)

where a and c are the lattice constants and dhkl the crys-
talline surface distance for hkl indices. Table 1 lists the cal-
culated values of dhkl and lattice parameters of undoped and
Ni-doped ZnO thin films. It is observed that dhkl values are
in good agreement with those reported in JCPDS data cards
(No. 36–1451). It can be seen that the interplanar spacing dhkl

values decrease with Ni content. This phenomenon shows
that Ni element used at lower concentrations is introduced in
the ZnO matrix and played an important role in improving
the transparency of such doped films [26].

The average crystallite size of undoped and Ni-doped ZnO
is estimated from (002) principal peak by using the Debye–
Scherrer formula [27]:

D = Hλ

β cos θ
, (2)

where λ = 1.5418 Å for Cu radiation, θ is the diffrac-
tion angle, K = 0.9 and β the full-width at half-maximum

(FWHM) with β =
√

β2
e − β2

0 , where βe is measured from

Table 1. Position of the (002) peak and some relevant parameters.

Results JCPDS
Experiment : Ni content Ni/Zn (%)

(pure powder ZnO) 0 2 3 4

The position of (002) peak in 2θ (deg) 34.454 34.479 34.489 34.484
Interplanar spacing dhk� (Å) (002) 2.602 2.603 2.601 2.600 2.600

(101) 2.476 2.478 2.476 2.477 2.478
a (Å) 3.249 3.254 3.252 3.253 3.254
c (Å) 5.205 5.206 5.202 5.201 5.202
c/a 1.602 1.600 1.599 1.598 1.598
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the film and β0 corresponds to the reference powder [27,28].
The results are shown in table 2. As the concentration of Ni
increases, an increase in the crystallite size is observed. The
same behaviour is reported by the Muniyandi et al [29] in
a study on Ni-doped ZnO prepared by the spray pyrolysis
deposition technique. Muniyandi et al found that the crystal-
lite size increase with the increase in Ni concentration might
be due to the agglomeration. This has been further confirmed
by the decrease in the value of lattice parameter c.

Additional information on structural properties can be
obtained from the residual stress measurements calculated by
[30].

σ = 450
c0 − c

c0
, (3)

where σ (in GPa) is the mean stress, c the lattice constant of
ZnO thin films and c0 the lattice constant of the bulk mate-
rial (standard c0 = 0.5206 nm). The calculated data are sum-
marized in table 2. A slight deviation of the (002) peak was
revealed when the concentration varied. This indicates that
some residual stress inside the film is occurring.

In the same line, the microstrain in these thin films was
calculated with the following relation:

εS = β cos θ

4
, (4)

where θ is the (002) diffraction angle. It is noticed that the
microstrain of the films decreased when the concentration
of Ni increased (see table 2). This is probably due to the
ionic radius of Zn2+ which is higher compared with that of
Ni2+ [31].

The preferred orientations of the Ni-doped ZnO thin films
are evaluated by the texture coefficient (TC), calculated from
the X-ray data using the well-known formula

TC(hkl) = I (hkl)/I0 (hkl)

1/N
∑

hklI (hkl)/I0 (hkl)
, (5)

where TC(hkl) is the texture coefficient of the hkl planes,
I (hkl) is the measured or normalized intensity of a plane
(hkl), I0 the corresponding standard intensity given in JCPDS
data, N the number of reflections and n the number of
diffraction peaks. The value of TC calculated for the diffrac-
tion peaks (002) and (101) of all samples are shown in

table 2. From these results, it is observed that TC(002) is so
high, showing that the crystallites are mainly perpendicular
to substrate plane (parallel to the c-axis) for ZnO undoped
and doped thin films.

3.2 Surface morphology

The surface morphology of undoped and Ni-doped ZnO thin
films was characterized by AFM and SEM. Figure 2 shows
the typical SEM images of the ZnO and Ni-doped ZnO thin
films. It is seen grains of about 100 nm of diameter nearby
large plates of several hundred nanometers long. The three-
dimensional (3D) images of AFM micrographs are shown in
figure 3. According to them, grains are clearly spherical and
the large plates seen with the SEM seem to be agglomerates
of grains. On the AFM pictures, grains appear wider than
on SEM images. It is a normal probe-based artefact when
measuring globular features. All the films exhibit spherical
grains, indicating the polycrystalline nature of these films.
The SEM micrographs also reveal that Ni doping ZnO thin
films can increase the average grain size, this result agrees
with XRD measurements. The same behaviour is reported by
the Muniyandi et al in a study on Ni-doped ZnO prepared by
the spray pyrolysis deposition technique [29].

In addition, AFM was used to measure the surface rough-
ness of the films over a 2 μm × 2 μm area. The root-mean
squares (RMS) roughness of undoped and Ni-doped ZnO
thin films ([Ni]/[Zn] = 0, 0.02, 0.03 and 0.04) are deter-
mined as 28.95; 28.98; 32.30 and 36.63 nm, respectively. As
the [Ni]/[Zn] ratio increases, the surface roughness increases
as a result of grains increasing caused by the Ni doping and
grains agglomeration.

Morphological study reveals that the percentage of dopant
has an influence on the morphology and the roughness of
the films. However, a slightly tormented surface is quite
favourable for the use of such component type in the photo-
voltaic conversion field.

3.3 Optical study

3.3a Optical band-gap: In order to correlate the optical
behaviour of films with structural and morphological results,
the optical transmittance of samples has been investigated
in the wavelength range of 200–3000 nm using UV–vis

Table 2. Crystallite size (D), texture coefficient (TC), stress (σ ) and microstrain (εS) of the
sprayed Ni-doped ZnO thin films.

Samples ZnO ZnO : Ni 2% ZnO : Ni 3% ZnO : Ni 4%

Peak width at mid-height β (deg) 0.1021 0.0836 0.0771 0.0669
The grain size D (nm) 81.61 99.57 108.11 124
σ (GPa) 0 0.345 0.432 0.345
εS

(
10−4

)
4.250 3.483 3.212 2.787

TC (002) 4.727 4.401 4.744 3.894
TC (101) 0.802 0.331 0.737 0.941
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Figure 2. SEM images of pure and Ni-doped ZnO thin films at low magnification and at high
magnification: (a, b) ZnO, (c, d) ZnO : Ni 2%, (e, f) ZnO : Ni 3% and (g, h) ZnO : Ni 4%.
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(b) ZnO : Ni 2%  

(c) ZnO : Ni 3% 

(d) ZnO : Ni 4% 

(a) ZnO pure 

Figure 3. AFM 3D micrographs of sprayed ZnO : Ni thin films:
(a) ZnO, (b) ZnO : Ni 2%, (c) ZnO : Ni 3% and (d) ZnO : Ni 4%.
Scan area: 2 μm × 2 μm. Vertical range: 500 nm.

spectroscopy (figure 4). It is clear from figure 4 that all the
samples exhibit a high transmittance around 85% for λ >

625 nm. Some interference fringes appear on all spectra.
They are due to multiple reflections from the both sides of
the film. From figure 4, it is deduced that all the samples have
sharp absorption edges in the wavelength region between
360 and 400 nm. The absorption edge of Ni-doped ZnO
films deposited for different doping concentrations shifts to a
larger wavelength. This phenomenon indicates that the opti-
cal energy gap decreases with doping concentration. It is well

Figure 4. Transmission spectra of sprayed ZnO : Ni thin films.

Figure 5. Variation of the absorption as a function of the light
energy of sprayed ZnO : Ni thin films.

known that the theory of optical absorption gives the relation
between absorption coefficients α and photon energy hv for
direct allowed transition as [32].

αhv = [
A

(
hv − Eg

)]1/2
, (6)

where A is a constant, Eg the optical band gap energy, hv

is the photon energy and α the absorption coefficient. The
band gap is determined using this equation when the straight
portion of (αhv)2 against hv plot is extrapolated to intersect
the energy axis at zero. Graph of (αhv)2 vs. hν for ZnO and
for different Ni concentrations in ZnO is shown in figure 5.
The obtained band gaps of un-doped ZnO, ZnO : Ni 2%, ZnO
: Ni 3% and ZnO : Ni 4% thin films are 3.29, 3.22, 3.21 and
3.21 eV, respectively. It can be seen also that the value of Eg

of Ni-doped ZnO decrease when Ni concentration increases.
It might be due to the increase in the grain size [33] as well as
due to the lowering of the conduction band induced by donor
level created by the Ni defects [34].
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Figure 6. Extinction coefficient k of sprayed ZnO : Ni thin films.

3.3b Refractive index and extinction coefficient: The
extinction coefficient k (λ) of undoped and Ni-doped ZnO
thin films (figure 6), was calculated using the following
expression [35]:

k = αλ

4π
. (7)

The refractive index n(λ) can be determined by using the
envelopes of the transmittance T(λ) of thin films deposited
on a transparent substrate. The method of envelopes implies
that the glass substrate is transparent [36]. The refractive
index n(λ) for various wavelengths and for curves envelopes
TM (for the maximum values of transmittance) and Tm (for
the minimum values) is expressed by [37,38]:

n =
[
N + (

N2 − S2
)1/2

]1/2
, (8)

where

N = 2S
TM − Tm

TMTm
+ s2 + 1

2
. (9)

Here, S is the refractive index of the glass substrate. Figure 7
shows the refractive index n for the undoped and Ni-doped
ZnO thin films as a function of wavelength. The values of
both n and k decrease with the increase in wavelength of the
incident photon. In addition, the high values of k in the fun-
damental absorption region (low wavelength λ < 400 nm)
are due to the intrinsic absorption for the higher energy gap.
In the visible, the low values of k imply that these lay-
ers are transparent as showed in the transmission spectra. It
should be mentioned that in the wavelength range of 400–
800 nm, the refractive index exhibits a normal dispersion and
the extinction coefficient k value is very low, the later con-
firming that of all the films studied in this work are homoge-
neous and highly transparent. A dependence on wavelength
of the refractive index and the extinction coefficient with the
doping concentration is observed. This phenomenon can be
explained on the basis of the contribution from both lattice

Figure 7. Refractive index n of sprayed ZnO : Ni thin films.

parameter change and the presence of defaults in the prepa-
red films.

Owing to its straightforward link with the dispersion
energy, the refractive index n(λ) remains an important phys-
ical property of materials dedicated to optical devices. In
order to achieve a better understanding of the refractive index
dispersion of the Ni-doped ZnO thin films, n(λ) was anal-
ysed by the single oscillator model proposed by Wemple and
DiDomenico [39–42]. In this model, in the region of low
absorption the photon energy dependence of the refractive
index n is expressed by

n2 = 1 + E0Ed

E2
0 − (hv)2 , (10)

where E0 is the single oscillator energy and Ed the dispersion
energy corresponding to the average strength of the inter-
band optical transitions. E0 and Ed are therefore determined
through a linear fit of the plot of 1/

(
n2 − 1

)
as a function

of (hv)2 (figure 8). The slope is (E0Ed)
−1 and the intercept

with the zero photon energy axis gives (E0/Ed). The values
of E0 and Ed are reported in table 3 for all the films. Under
the same model, the refractive index can also be analysed to
determine the long wavelength refractive index n∞, average
oscillator wavelength λ0 and oscillator length strength S0 of
each thin film. These values can be obtained by using the
following relations [43,44]:

n2∞ − 1

n2 − 1
= 1 −

(
λ0

λ

)2

, (11)

n2
∞ = 1 + S0λ

2
0, (12)

n2 − 1 = S0λ
2
0

1 − (λ0/λ)2 , (13)

n∞, S0 and λ0 values are obtained from the linear of
1/

(
n2 − 1

)
vs. λ−2 and are given in table 3. It is found that,

the nickel doping decreases the refractive index, n0 and ε∞
for all films.
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Figure 8. A plot of (n2−1)−1 vs. photon energy squared (hν)2 of
sprayed ZnO : Ni thin films.

Table 3. Calculated values of E0, Ed and other constants.

Samples Ed (eV) E0 (eV) λ0 (μm) S0 (μm−2) n∞

ZnO pure 7.713 3.780 0.328 18.965 1.743
ZnO : Ni 2% 7.687 4.194 0.295 20.971 1.683
ZnO : Ni 3% 7.976 3.815 0.325 19.791 1.758
ZnO : Ni 4% 8.949 4.446 0.278 25.875 1.735

3.3c Dielectric constant: The optical characteristics of
undoped and Ni-doped ZnO are linked to its dielectric func-
tion too. The real ε1(λ) and the imaginary ε2(λ) parts of com-
plex dielectric function are related to refractive index n(λ)

and extinction coefficient k(λ) via the following relations
[44,45]:

ε(λ) = (n(λ) − ik(λ))2 = ε1(λ) − iε2(λ), (14)

ε1(λ) = n(λ)2 − k(λ)2, (15)

ε2(λ) = 2n(λ) k(λ). (16)

For all samples, it is found that in infrared range the dis-
persion of ε1 is a linear function of the square of the wave-
length λ2 while the absorption ε2 is a linear function of λ3

(figure 9). This behaviour is in good agreement with the
classical theory of the dielectric constant which is expressed
by the following system in the near infrared (ωt � 1) [46]:

ε1 ≈ ε∞ − ε∞ωp2

4π2c2
λ2, (17)

ε2 ≈ ε∞ − ε∞ωp2

8π3c3τ
λ3, (18)

where ε∞ is the dielectric constant at high frequencies, ωp

the pulsation plasma and τ the relaxation time.
It can be seen that for all samples, in infrared range, ε1 is

a linear function of λ2 while ε2 is linear with λ3.

Figure 9. Variation of the real (ε1) and imaginary (ε2) parts and
of dielectric constant of sprayed Ni-doped ZnO as a function of λ2

and λ3, respectively.

These results can be used in order to determine the opti-
cal constants: ε∞, ωp and τ which represent, respectively, the
dielectric constant at high frequencies, the pulse plasma and
the relaxation time which depends on the conduction mech-
anism of carriers in the optical and acoustic phonons, lattice
defects and ionized impurities.

The free carrier’s concentration-to-effective mass ratio
N/m∗, is given from the system

ω2
p = 4πNe2

ε∞m∗
e

. (19)

The calculated values of these constants are listed in table 4.

3.3d Photoluminescence: PL measurement is a sensitive
nondestructive way to study the intrinsic and extrinsic defects
in semiconductor materials. It delivers abundant informa-
tion on the energy states of impurities and defects, even at
very low densities, which is helpful for understanding struc-
tural defects in semiconductors. Moreover, it provides an
additional insight into the crystal quality of semiconductor
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Table 4. Calculated values of ε∞, ωp and other constants.

N /m∗ (1047

Samples ε∞ ωp (1014 rad s−1) τ (10−14 s) g−1 cm−3)

ZnO pure 3.77 2.82 3.45 1.04
ZnO : Ni 2% 5.04 14.98 1.07 40.99
ZnO : Ni 3% 4.97 11.45 0.59 22.57
ZnO : Ni 4% 4.86 15.46 1.06 40.99

Figure 10. Room-temperature photoluminescence spectra of
undoped and Ni-doped ZnO thin films.

films through different emissions. Figure 10 shows room-
temperature PL spectra of undoped and Ni-doped ZnO thin
films. A strong ultraviolet (UV) and blue-green emissions at
around 387 and 488 nm are observed for undoped ZnO thin
film. After Ni doping, the UV band emission shifts to 403 nm
with the violet and blue-green emission bands are observed
at 422, 484 and 528 nm, respectively.

The UV emission can be attributed to the near band edge
(NBE) emission of ZnO and originated by the recombina-
tion of free exciton transition from the localized level below
the conduction band to the valence band [47]. The band
edge absorption peaks of Ni-doped ZnO thin films shifts
to longer wavelengths (red shifted). Different authors have
explained that the red shift in ZnO band edge absorption
peak with transition metals doping can be assigned to sp–d
spin exchange interactions between the band electrons of
host matrix and the localized d-electrons of dopant ions sub-
stituting the cations [48–50]. They have discussed that s–d
and p–d exchange interactions can give rise to negative and
positive shifts to the conduction band and valence band
edges, respectively, which leads to the narrowing of band
gap. Hence, it can be concluded that Ni doping induced red
shift in the band edge absorption peak of ZnO is due, in this
case, to the sp–d exchange interactions. As the doping con-
centration increased the full-width half-maximum (FWHM)
and the peak intensity of the UV emission decreased. Ni dop-
ing in ZnO causes creation of the defects, which might have

provided non-radiative pathways to limit the radiative effi-
ciency of the films. The visible emission from undoped and
Ni-doped ZnO thin films may be due to the defect, particu-
larly the oxygen vacancy arising from the oxygen deficiency
and both O and Zn interstitials [51]. A blue luminescence
peak centred at 484 nm in visible region is observed for all
the samples. The blue-green emission is caused by intrin-
sic defects and donor–acceptor pair recombination. Kohan
et al [52] have calculated the energy levels of defects in ZnO
thin films by a full-potential linear muffin-tin orbit method
and shown that the energy interval between the Zn interstitial
levels to the top of the valence band was about 2.9 eV. The
luminescence centre (≈2.6 eV) calculated in this work agrees
quite well with Kohan’s theoretical calculation. Therefore,
the blue-green emission band is assigned to the electron tran-
sition from the Zn interstitial levels to the top of valence
band. However, since the intensity of blue-green emission
decreased in the nickel-doped samples it could be concluded
that the defect states responsible for the broad blue-green
emission in ZnO can be passivity by nickel.

3.4 Opto-thermal expansivity study

The Amlouk–Boubaker opto-thermal expansivity ΨAB is a
thermo-physical parameter defined in precedent studies [53],
as a 3D expansion velocity of the transmitted heat inside the
material. It is expressed in m3 s−1, and calculated by

ΨAB = D

α̂
(20)

where D is the thermal diffusivity and α̂ the effective absorp-
tion, it is a weighted average of the absorption coefficient
of the solar spectrum AM1.5. This parameter is shown as
follows:⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

α̂ =

1∫
0
I(λ̃)AM1.5 × α(λ̃)dλ̃

1∫
0
I(λ̃)AM1.5dλ̃

,

{
λ ∈ [λmin, λmax] ⇔ λ̃ ∈ [0, 1],
λmin = 300.0 nm; λmax = 1800.0 nm,

(21)

where I(λ̃)AM1.5 is the reference solar spectral irradiance and
the normalized absorbance spectrum α(̃λ) is deduced from
the relation

α(λ̃)= 1

d
4
√

2
· 4

√√√√√√
(

ln
1 − R(λ̃)

T (λ̃)

)4

+
⎛
⎜⎝2 ln

1 − R(λ̃)√
T (λ̃)

⎞
⎟⎠

4

,

(22)

where d is the layer thickness. This parameter is used to clas-
sify certain semiconductor thin films along their absorption
of light [54]. The calculated values of ΨAB of Ni-doped ZnO
thin films are summarized in table 5. In addition, the decrease
of this parameter Ni content from 19.7 to 1476 × 10−12 m3 s−1
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Table 5. Values of the Amlouk–Boubaker opto-thermal expansivity ΨAB.

Undoped ZnO ZnO : Ni 2% ZnO : Ni 3% ZnO : Ni 4%

ΨAB (10−12 m3 s−1) 19.7 15.8 14.53 14.76

is noted. This effect shows the incorporation of Ni doping in
the ZnO matrix. This decrease in ΨAB is in good agreement
with the decrease in the film transparency and the increase in
the optical absorption of such doped films.

4. Conclusion

The structural and the optical properties of Ni-doped ZnO
thin films deposited by the spray pyrolysis technique was
investigated. The influence of Ni doping on the structural,
PL, morphological and optical properties was presented.
Structural characterization reveals that Ni ions are success-
fully incorporated into the ZnO lattice without any extra
phase and wurtzite structure of ZnO is retained. All of Ni-
doped ZnO films are highly transparent with a transmittance
between 75 and 95% in the visible wavelength region. The
high quality of the films is confirmed by the low value of the
extinction coefficient. The optical band gap Eg of Ni-doped
films exhibits a red shift.

In this study, the refractive-index dispersion was analysed
using the single oscillator model. The Ni-doping affects the
values of the calculated dispersion parameters such as oscil-
lator energy, dispersion energy and oscillator strength. The
results obtained by PL of sprayed ZnO thin films are dis-
cussed in terms of nickel content and it is found that they
confirm those obtained by XRD. Finally, the behaviour of the
dielectric constant components spectra needs more investiga-
tions particularly in infra-red region but beforehand that this
result is quite encouraging since a costless and simple used
depositing technique was considered.
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