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Abstract: Reactive co-sputtering technique has been used to fabricate pure zinc oxide and
nickel doped zinc oxide thin films on glass substrate at room temperature 30° C. The actual
target of this experimental work was to investigate the effect of nickel incorporation on
structural and optical properties of nickel doped zinc oxide thin films. The deposited samples
were characterized by using Energy-Dispersive Analysis X-ray, X-Ray Diffractometer,
Atomic Force Microscope, Fourier Transform Infrared Spectroscopy and Ultraviolet-visible
spectrophotometer to investigate the doping growth, structural crystallinity, surface
morphology, chemical bonding information and optical properties. Scanning electron
microscope has been used to measure the thickness of all deposited films. The X-Ray
Diffractometer study of all deposited films reveals that the highly intensive peak has been
found near glancing angle at 34.48 corresponds to miller indices (002), which confirmed the
wurtzite hexagonal crystallite structure of zinc oxide that matched with JCPDS card no 36-
1451. Crystallite size of deposited thin films is increased from 8 nm to 15 nm with the
increasing of atomic % of nickel from 0 to 7.5 respectively in zinc oxide. The Fourier
Transform Infrared Spectroscopy peak found at 432 cm™ confirmed the deposited films are
zinc oxide thin films. Optical band gap energy decreases from 3.15 eV to 2.21 eV where as
the Urbach energy increases from 118meV to 243meVwith increasing of atomic % of nickel
from 0 to 7.5 respectively.
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Introduction

Among all 11-VI1 chalcogenide type semiconductors materials, nanocrystalline zinc oxide
(whose direct wide band gap and exciton binding energy are 3.37 eV and 60 meV
respectively) is one of the greatest acceptable interests for their environmentally safe and
versatile application in the field of nanoscience and nanotechnology [1-3]. Past few decades,
many researchers from different part of the world have been chosen zinc oxide (ZnO)
materials for its multi—functional behaviors like as chemical stability, opto-electric, well
luminescence property, good transparency, prominent electron mobility and piezoelectric
properties [1-5]. Piezoelectric properties of ZnO thin films depend on its hexagonal crystalline
structure [5]. Applications of ZnO thin films are most striking because of their low cost and
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also for the non-toxic behavior which is comparable with some oxides like CdO, In.Oz and
SnO: [2,6]. Also, the low resistivity and high transmittance properties of ZnO have been
found in the visible region [6]. This type of nano-range ZnO thin films has been used due to
its extensively applications in optoelectronic devices [2,3,6]. Nowadays nano-range ZnO
films are used in extensive area of science and technology like as UV protectors, solar cell,
gas sensing devices, transparent FETs, antibacterial coatings, drug delivery devices, cancer
treatment, transparent conducting oxides, photo catalysis, Schottky diodes, light emitting
diodes, flat panel displays, spintronics, computer screen, high mobility transistor, laser diodes,
surface acoustic devices, smart windows, smartphone display, varistors, high electron
mobility, chemical sensors, photo voltaic cells and transparent electrodes [1-11]. The doping
effect of different elements such as Au, Al, Sb, N, Ga, Cu, Mn, Ti, Ag, Co, Mo, In, Sn, Fe, and
V with pure ZnO on physical, optical, electrical, and dielectric properties have been reported
[1-16]. The position of metal element nickel (Ni) in the periodic table is 10" group of 4™
period along with Fe and Co. This transition metal which gradually loses its strong metallic
behavior is a very good conductor of electric and heat. Ni has three oxidation states which are
+2, +3 and +4. Among all oxidation states +2 is the most significant state [17]. The electro
negativity behavior of Ni suggests a suitable bonding attraction for with other elements.
0.69 A is the ionic radii of Ni*? which is familiar with Zn*? (0.74 A) [17]. The structure and
valance of Ni and Zn elements are similar. This can be presumed that the hexagonal
crystalline structure of ZnO is not changing if Ni*? ion replaced by Zn*2 ion in pure ZnO
lattice. The changing effect of Ni on different properties that i.e, physical, optical, electrical,
and dielectric with ZnO have been reported earlier [17,18]. In this experimental work, the
changes in structural and optical properties of ZnO thin film with Ni incorporation have been
studied in detail.

Nickel doped ZnO (NZO) thin films are deposited by several physical and chemical
techniques such as chemical bath deposition, photochemical deposition, cyclic voltammetry,
sol-gel preparation, low temperature aqueous solution route, spray pyrolysis, metal organic
chemical vapor deposition, Radio Frequency (RF) sputtering, screen printing, Direct Current
(DC) sputtering, molecular beam epitaxy, DC and RF magnetron sputtering techniques [1-19].
In this scientific work, RF and DC co-reactive magnetron sputtering technique has been
chosen to prepare pure ZnO and NZO thin films on glass substrate. This physical technique
has been used due to its various advantageous properties like as low-temperature growth,
good quality of nano-range thin films, large film area and controllable thickness of film [2,3].

In this current scientific research work, pure ZnO and NZO thin films deposited by
reactive co sputtering technique where ZnO and Ni targets were used in RF shutter and DC
shutter simultaneously. ZnO films have been doped with different atomic % of Ni for the
better improvement of the structural and optical properties of the newly formed nano crystal
thin films. Deposited nano-range pure ZnO and NZO films were characterized and analyzed
by using X-Ray Diffractometer (XRD), Energy-Dispersive Analysis X-ray (EDAX), Fourier
Transform Infrared Spectroscopy (FT-IR), Atomic Force Microscope (AFM), Scanning
Electron Microscope (SEM) and Ultraviolet-visible (UV-VIS) Spectrophotometer. Optical
characteristics as well as the optical band gap energy (Eg) measured from the transmittance
spectra of the deposited films by using UV-VIS spectrophotometer. The change in optical
transmittance, Eq and urbach energy (Eu) with different atomic % of Ni in the ZnO thin films
has been explored in detail.
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Experimental Details

Materials and deposition techniques. Pure ZnO and NZO nano-range films have been
deposited for 30 min on commercial glass substrate by using DC/RF magnetron co-sputtering
technique with the variation of atomic % of Ni from 0 to 7.5% respectively at room
temperature 30°C. Source materials (ZnO and Ni targets) and commercial glass substrate of
size 75 mm x 25 mm x 1.45 mm were purchased from Sigma-Aldrich Company. Purity,
diameter, and thickness of both targets are 99.999%, 54 mm and 2 mm respectively. At 45 °C
temperature, all substrates were ultrasonically cleaned by acetone and double distilled water
separately and finally soaked with hot air gun.

Only ZnO target was used in RF gun and only Ni target was used in DC gun. Before
making the film’s deposition, Argon gas was used to clean the impurities of two targets by pre
sputtering for 10 minutes. The Rotary pump and Turbo pump of the system has been used
simultaneously to maintain the chamber pressure at 3.5x10* Pa. Argon (Ar) gas and Oxygen
gas were used 15 sccm and 5 sccm respectively by mass flow controller (MFC) for deposition
purpose. Argon gas has been used for its good sputtering behavior, whereas oxygen gas has
been used to maintain oxygen rich growth during deposition. Oxygen gas is also important to
reduce the intrinsic donor defects during deposition. The working pressure of the deposition
chamber was maintained at 2.0 Pa. Three rotations per minute of all deposition substrates
have been used to maintained uniform thickness and good surface morphology of films.
Cathode shutters to substrate holder distance was kept at 70 mm for good quality of thin films
deposition. During the deposition, RF power set at 100 watt which was fixed and DC voltage,
which varies from 180 V to 240 V respectively. The atomic % of Ni varies from 2.6 to 7.5
with the variation of DC voltages from 180 V to 240 V respectively. Only RF power has been
used in ZnO target for the formation of pure ZnO thin films. Details of deposition conditions
are given below the Table 1.

Characterizations. The compositional, structural, morphological, chemical and optical
properties of pure ZnO and NZO thin films have been investigated. The compositional
property of pure ZnO and NZO thin films has been tested by EDAX (Oxford, model-7582).
The crystallite structure of all deposited films has been investigated by using XRD (Bruker,
D-8 Advance). Ambient based multimode AFM (Bruker, MultiMode-8) has been used to
characterize the surface morphology of all deposited thin films. AFM measurements have
been done in contact mode. A silicon probe has been used for scanning purpose which have a
radius of curvature 10 nm, height 15 microns and standard chip size 1.6x1.6x0.4 mm. A cross
sectional scanning electron microscope has been used to calculate the thickness of all
deposited films. The FT-IR spectroscopy (IR Affinity-1S, Shimadzu, Japan) has been used to
study the chemical bonding information of all deposited thin films. The optical characteristics
of the deposited films have been study using a UV-Vis spectrophotometer (V-770, Jasco,
Japan).

Table 1. Deposition conditions were maintained for the formation of crystallite thin films.

Parameters Corresponding values
Base pressure / (Pa) 3.5x10*
Working pressure / (Pa) 2.0
Target ZnO, Ni
Ar flow / (cm®min) 15
O; flow / (cm®/min) 5
Deposition temperature / ('C) 30
Substrate rotate / (r/min) 3
RF power / (W) 100
DC voltage / (V) 180, 210, 240
Deposition time / (min) 30
Distance between target and substrate holder / (mm) 70
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Results and discussions

Energy-Dispersive Analysis X-ray (EDAX) analysis. EDAX has been used to understand
the doping growth of atomic % of Ni in ZnO nano-range thin film. The EDAX results of pure
Zn0O and 7.5 atomic % of Ni doped ZnO nano-range thin films are shown in Fig. 1(a, b). The
confirmation of pure ZnO nano-range thin films has been confirmed by EDAX after finding
sharp peak of Zinc (Zn) and Oxygen (O) in the thin film respectively, which shown in Fig
1(a). An additional peak of Ni has been found together with Zn and O peaks in the current
deposited thin film, which confirmed the NZO nano-range thin film as shown in Fig. 1(b). Ni
IS @ minor intense peak in the NZO nano-range thin film, whereas Zn and O is major intense
peak. It has been identified that after incorporation of Ni in the NZO nano-range thin film
decreased the atomic % of both Zn and O respectively.

Zn (a) Zn (b)
S S Zn- 49.34
1k E 0-43.16
2 2
(/7] (7))
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= =
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Energy (KeV) Energy (KeV)

Fig. 1. EDAX spectra of NZO thin films: (a) 0.0 atomic % of Ni and (b) 7.5 atomic % Ni

X-Ray Diffractometer (XRD) study. The nature of structural crystalline property of
pure ZnO and NZO films has been studied by XRD analysis. Cu-Ka radiation of wavelength
L = 1.5406 A has been used to capture the XRD spectra of all deposited thin films in between
20" to 70’ glancing angle. During the capturing of XRD spectra, the source voltage kept at 40
kV and source current kept at 40 mA. XRD patterns of deposited all films has been shown in
Figs. 2 (a-d). The XRD pattern of all films has been recorded with the scan rate 2° per minute.
Crystal structures of deposited thin films are two types like hexagonal wurtzite or cubic zinc
blende which is depends on few deposition parameters [2,3]. The highly intensive peak has
been found near glancing angle at 34.48" corresponds to miller indices (002), which confirmed
the wurtzite hexagonal crystalline structure of ZnO that matched with JCPDS card no 36-1451
[2,3,16,18,20]. Peak intensity of deposited films increased slowly with the increasing of
atomic % of Ni from 0 to 7.5 respectively. Debye-Scherrer formula has been used to calculate
the crystallite sizes (D) of all films [2,3,21,22]

—_1 __ Bcos6
b= = KA ' (1)

where K (0.94), /4 (1.5406 A), g and 6 are known as Scherer constant, wavelength of X-ray, full
width of half maximum (FWHM) and Bragg’s angle or glancing angle respectively.
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Fig. 2. (a-d). XRD patterns of NZO thin films deposited on glass substrates at different atomic
% of Ni from;(a) Ni =0, (b) Ni = 2.6, (c) Ni = 5.1, (d) Ni = 7.5% respectively

It is found that after increasing of atomic % of Ni from 0 to 7.5 the crystallite sizes of
deposited films increased from 8 nm to 15 nm which are due to predominantly shifting of Ni?*
ion into the ZnO host lattice sites. As there is an inverse relation between crystallite size and
FWHM, crystallites size increases from 8 nm to 15 nm where as 5 decreases from 1.06073" to
0.56425’ respectively [22]. Equation 2 has been used to calculate the strain of all deposited
films [20,22,23]

4

g1 : (2)

- (BcosB)
After calculating the strain of all deposited films, it has been found that it is decreased
from 44.18 x 10* to 23.5 x 10* with the increasing of atomic % of Ni from 0 to 7.5
respectively. Equation 3 is known as Bragg’s equation, which has been used to calculate the

interplanar spacing (d) of pure ZnO and NZO all films [8,23,24]
1 _ (2 sinB) (3)

d ni
where n is diffraction order. Equation 4 has been used to calculate the lattice constants of
deposited all films [8,24]

2
472 =[5 (R + ke + KD)| + 5, 4)
where (a,c) and (hkl) are lattice constant and miller indices. The lattice constant ¢ slightly
varies from 5.198 A to 5.206 A due to the substitution of Ni?* ion instead of Zn?* ion at their
respective lattice sites. It was clearly observed that decrease in strain causes increased in
crystallite size and increased in lattice constants [17,23].The values of glancing angles (26),
Full Width Half Maxima (), crystallite sizes (D), strain (g), interplanar spacing (d) and lattice
constant (c) are shown in Table 2.
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Table2. XRD data of NZO thin films at different atomic % of Ni.

Atomic % of Ni 20 (deg) B (deg) D (nm) d(A) £X 10 c(A)
0.0 34.48 1.06073 8 2.599 44.18 5.198
2.6 34.46 0.86254 10 2.600 35.93 5.200
5.1 34.44 0.70253 12 2.602 29.26 5.204
75 34.42 0.56425 15 2.603 23.50 5.206

Atomic Force Microscope (AFM) study. Scanning probe AFM has been used to study
the morphological property of deposited pure ZnO and NZO films surface. The surface image
which has been captured by highly resolute AFM micrograph is homogeneous and uniform.
Two-dimensional (2-D) AFM surface images of pure ZnO and NZO thin films and their
corresponding histograms are shown in Fig. 3 (a-d). AFM images of all films display that the
surface morphological characteristic varies with adding atomic % of Ni from 0 to 7.5 with
pure ZnO respectively is shown in Fig. 3(a, b). The reflecting and scattering characteristic of
transmitted light depend on the surface of morphological roughness of all deposited films. It
has been found that the grain sizes of all films increases with increasing the roughness of the
morphological surfaces, where the roughness of the morphological surfaces increases with
adding atomic % of Ni from 0 to 7.5 with pure ZnO respectively. Histogram which is shown
in Fig. 3 (c-d) exhibits that grain sizes of deposited films increased from 7 nm to 19 nm with
adding atomic % of Ni from 0 to 7.5 with pure ZnO respectively. Grain size which has
measured by AFM of ZnO film is lower than that calculated from XRD of same film. Grain
size which has measured by AFM of NZO films is greater than the grain size calculated from
XRD of same films. The bigger grain size which has been found in AFM of all films is caused
by the agglomeration of lesser crystals, where XRD gives report about the mean grain size
which coherently scatters the X-rays [25,26].
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Fig. 3. Two-dimensional AFM images of NZO thin films: (a) 0.0 atomic % of Ni, (b) 7.5
atomic of Ni (c) and (d) the corresponding histogram
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Fig. 4. (a-d) FT-IR spectra of NZO thin films with variation of atomic % of Ni from; (a) Ni =
0, (b) Ni = 2.6, (c) Ni =5.1, (d) Ni = 7.5 respectively

Fourier Transform Infrared Spectroscopy (FT-IR) study. Chemical compositions of
pure ZnO and NZO films have been observed by using FT-IR spectrum in 400 cm™ to 4000
cmt the frequency at room temperature 30 “C is shown in Fig. 4 (a-d). As all films deposited
on glass substrate, so plane glass substrate has been used as reference for the measurement of
FT-IR absorption spectra to eliminate the absorption peak. The structural and molecular
arrangements of pure and Ni doped ZnO thin films on glass substrates have been examined by
using FT-IR spectrum. The FT-IR frequency 400 cm™ to 4000 cm™ separated in two parts.
The first part is 400 cm™ to 1600 cm™. This part is known as fingerprint region and in this
region stretching and bending vibrations are occurs. Whereas the second part is 1600 cm™ to
4000 cm™®, which part is known as functional group region and in this region only stretching
vibration is occurs. The FT-IR peaks which are shown in Fig. 4 (a-d) have been found due to
the stretching and bending vibration of atom and molecules or functional groups. The FT-IR
peaks intensity does not fix, it is depends on different deposition materials. Due to the
stretching vibration of Zn-O bond in all deposited films a peak has been identified at near
432 cmt, which confirmed the deposited films are ZnO thin films [18,19,24]. One peak has
been identified except Fig. 4(a) closed to 720 cm™ due to stretching vibration of Ni-O band
[27]. The stretching absorption peak has been found in all deposited films at near 890 cm™
assigned as C=0 peak.Two absorption peaks have been found at near 1528 cm™ and 1680 cm"
! which were assigned due to symmetric strong C=0 bond and asymmetric C=O bond
respectively [2,3,27]. One FT-IR peak has been found near at 2060 cm™ assigned to O-C-O
bond, which decreased very slowly with the increase of atomic % of Ni from 2.6 to 7.5
respectively [18]. The absorption peak of CO. molecules has been identified at near
2310 cmt, which attributed due to the run time of deposition or atmosphere during the FT-IR
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analysis [24]. The absorption peak of O-H band has been found between 3740 cm™ to 3830
cm ™t and 3420 cm™ to 3450 cm™, which assigned for atmosphere during the FT-IR analysis
[28,29]. These FT-IR results of all deposited films state that Ni?* ions successfully
incorporated into pure ZnOlattice site and also confirmed the wurtzite crystalline nature of all
films.

Optical band gap energystudy. UV-Visible spectrophotometer has been used to study
the optical property of pure ZnO and NZO thin films in the wavelength between 300 nm to
800 nm at room temperature of 30 °C are shown in Fig. 5. Optical property of deposited films
depends on transmittance spectra. Highly transmittance films are important for good quality
optical property. Transmittance spectra of deposited films depends on deposition conditions.
In visible region deposited films are showed a transmittance nearly 85 % due to low scattering
or absorption losses. Transmittance spectra of all deposited films gradually decreases with
adding atomic % of Ni from 2.6 to 7.5 within pure ZnO are shown in Fig. 5 as well as it shifts
towards from visible region to near UV region.Optical transmittance is related to film
thickness. It is decreases with increasing of film thickness [30]. Thickness of the deposited
films increased from 250 nm to 350 nm with increasing atomic % of Ni from 0 to 7.5
respectively.

(i) 0.0 at. % Ni
(ii) 2.6 at. % Ni
(iii) 5.1 at. % Ni
(iv) 7.5 at. % Ni
1 M 1 2

Transmittance (a.u)

300 400 500 600 700 800
Wavelength (nm)

Fig. 5. Transmission spectra of NZO thin films with the variation of different atomic % of Ni
from 0 to 7.5 respectively

The film thickness is calculated by using cross-sectional Scanning Electron Microscope
images. Beer-Lambert law, which is getting from band theory of solid has been used to
calculate the absorption coefficient (o) using the equation [8,22]

a=:in(2) (%)

It
where lo, It and t are the intensity of incident light, intensity of transmitted light and thickness

of deposited films respectively. The transmittance relation T = ;—t is known as the simplified

0
form of Beer-Lambert formula. The energy of the optical band gap (Eg) of pure ZnO and NZO
films has been calculated by using the Tauc expression [21,22,31]
(ahv)'/m = A(hv — E,), (6)
where A, 4v and m are constant, energy of the incident photon (h and v are Planck’s constant
and frequency of the incident light respectively) and the different type of transition value. The
value of m is different for different deposition semiconductor material. In this case the value
of mis 1/2 as ZnO is directly allowed band gap materials [2,3,8]. In the case of directly
allowed transition semiconductor material, the Eg of pure ZnO and NZO films has been
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determined from the extrapolation of the straight line on the x-axis using (a/v)? against /v
graph of different atomic % of Ni as shown in Fig. 6 (a-d). It is observed that the Eg of the
deposited films decreases lightly with entering Ni into the ZnO layer. The obtained Eq of pure
ZnO, ZnO: 2.6 at. % Ni, ZnO: 5.1 at. % Ni and ZnO: 7.5 at. % Ni films are 3.15, 2.59, 2.40
and 2.21 eV, respectively. It is observed that the Eq of pure and NZO films decreases due to
increase in the grain size when atomic % of Ni increases [22]. The variation of Eq against
different atomic % of Ni is shown in Fig. 7. It has been observed from Fig. 7 that the variation
of the optical band gap energy of ZnO thin films is 0.94 eV (3.15 eV to 2.21 eV) by nickel
doping which is better than other reported value such as 0.05 eV (3.33eV to 3.28eV), 0.08 eV
(3.28eV to 3.20eV) and 0.51 eV (3.26 eV to 2.75 eV) respectively [32-34]. The potential
advantage of NZO as an optical coating can be taken with controlling its optical band gap by
changing the Ni content independently from other parameters.
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Fig. 6. (a-d) Tauc plot of (ahv)? against hv at a different atomic % of Ni

Urbach energy. UV-vis spectrophotometers also been used to calculated Urbach
energy (Eu) of deposited pure ZnO and NZO thin film. The Ey of deposited thin films has
been found for the structural disorder of crystal, which is familiar as "band tail width" of
localized energy states. The schematic band tail diagram of E, of deposited films has been
shown in Fig. 8(a). The diagrammatic expression of E, of deposited crystalline film is shown
by the formula
E, = AE;—AE,, (7)
where AEgand AE , are familiar as valence band to conduction band energy gap and valence

band tail to conduction band tail energy gap respectively [3,22]. The Ey of deposited film is
also familiar as disorder liness of phonon states or defect density. The Ey of deposited films is
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calculated by usingan exponential function below the slope of absorption of band edge
[35,36].
3.25

0 1 2 3 4 5 6 7 8
Atomic % of Ni

Fig. 7. Variation of E4 against different atomic % of Ni from 0 to 7.5 respectively
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Fig. 8. (a) Schematic diagram of band tail of Urbach energy, (b) a plot of Ina vs. hv of pure
ZnO and NZO thin films with different at. % of Ni, (c) Variation of Urbach energy (Evu)
of Ni doped ZnO thin films with atomic % of Ni

The absorption band edge of deposited films has been generated for the interaction of
electron—phonon or exciting—phonon. Theoptical-electronic transitions of the compound
which happened in between excited and near localized states is calculated from steepness
parameter of absorption band edge. The band of the compound which bending slowly is
depending on the reduction of optical band gap. In the phonon states,the disorder of pure ZnO
and NZO films will be high if E, is also higher. The band tail of urbach of deposited films has
been expressed by the formula [37-39]
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Ina, = Ina + hV/Eu, 8

where ao, o and hv are constant, absorption coefficient and photon energy of the incident ray
of light respectively. Band tail of Ey of pure ZnO and NZO films has been determined using
the Ina versus hvplot, which shown in Fig. 8 (b). Semiconductor Group (11-V1) chalcogenide
materials urbach band tail depends on severalworkable defects which are structural disorder,
interaction between carrier-impurity and carrier-phonon etc. [2,40]. In the phonon states of
crystalline structure, the Ey of deposited films directly provides several efficient information
about thermal disorderliness and the occupancy level [40].The exponential increasing of o of
deposited pure ZnO and NZO films can be stated from the transitions of the density of states
between valence to conduction band and also the shape and size of tails. The structural and
thermal disorderliness of deposited films can be determined from Skettrup’s theory, which
modeled as an Einstein oscillator [40].

Generally, the E4 of deposited films is inversely related to E, [40]. It is found that Ey of
deposited films increases with increasing of atomic % of Ni from 0 to 7.5 respectively within
pure ZnO. The graph between Ey versus atomic % of Ni shown in Fig. 8(c). The E, of
deposited films increases from 118 meV to 243 meV with the increasing of atomic % of Ni
from O to 7.5 respectively within ZnO. The disorderliness of deposited pure ZnO and NZO
films also increases with the increase of Ey. The slowly increasing state of E, indicate that
from tail to tail and band to tail transitions and redistribution of states severally [41].
Moreover it was found that the Eq of deposited films decrease due to the increase of the band
tail of Ey [3,41].

Conclusions

In this experimental research work, pure ZnO and NZO thin films have been synthesized on
the glass substrates via RF/DC reactive co-sputtering technique. XRD, AFM and FT-IR
spectroscopy have been used to characterize the nanostructure crystallinity, surface
morphology and chemical compositions of the pure ZnO and NZO thin films respectively.
Crystallite sizes of deposited thin films which are measured by XRD are increased from 8 nm
to 15 nm with the increasing of atomic % of Ni from 0 to 7.5 respectively in ZnO. Grain
sizes of deposited films which are determined by AFM increased from 7 nm to 19 nm with
adding atomic % of Ni from 0 to 7.5 with pure ZnO respectively. The FT-IR peaks which are
found near 432 cm™ and 755 cm* confirmed the deposited films are pure ZnO and NZO thin
films. The Eq of pure and NZO thin films has been investigated by UV-Vis spectrophotometer
which decreased from 3.15 eV to 2.21 eV with increasing the atomic % of Ni from 0 to 7.5
respectively at room temperature 30 'C. It is found that with increasing of atomic % of Ni
from 0 to 7.5 the Ey increases from 118 meV to 243 meV respectively. The potential
advantage of NZO as an optical coating can be taken with controlling its transparency and
optical band gap by changing the Ni content independently of other parameters.
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