
102 | Olcay Gençyılmaz, et al.Advanced Energy Conversion Materials

Advanced Energy Conversion Materials
https://ojs.wiserpub.com/index.php/AECM/

Copyright ©2025 Olcay Gençyilmaz, et al.
DOI: https://doi.org/10.37256/aecm.6120256539
This is an open-access article distributed under a CC BY license 
(Creative Commons Attribution 4.0 International License)
https://creativecommons.org/licenses/by/4.0/

Research Article

Fabrication, Electrical Performance and Comparison of Ag/p-NiO/
n-ITO/Ag, Ag/p-NiO/n-FTO/Ag, Ag/p-NiO/Glass/Ag Heterostructure 
Thin Films

Olcay Gençyilmaz1* , İlker Kara2, Ahmed Majeed Fadhil Alsamarai3

1Department of Material and Material Proceeding Technologies, Çankiri Karatekin University, Çankiri, Turkey
2Graduate School of Natural and Applied Sciences, Çankiri Karatekin University, Çankiri, Turkey
3Department of Physics, Institute of Science, Çankiri Karatekin University, Çankiri, Turkey
 E-mail: ogencyilmaz@karatekin.edu.tr

Received: 10 February 2025;  Revised: 26 March 2025;  Accepted: 31 March 2025

Abstract: In this study, we fabricated and analysed heterostructure thin films based on nickel oxide (NiO) films using 
the low-cost successive ionic layer adsorption and reaction (SILAR) method. NiO films were deposited on three 
substrates: indium tin oxide (ITO), fluorine tin oxide (FTO) and glass. The structural, optical, electrical and surface 
properties of the NiO films were investigated, revealing that all films have a cubic crystal structure with grain sizes 
varying between 30-60 nm. The optical energy range of the films was determined to be between 3.56-4 eV by analysing 
their optical properties. Furthermore, it was observed that the use of ITO base in Ag/p-NiO/n-ITO/Ag heterostructure 
thin films significantly increased their transmittance values to approximately 40%. The I-V characteristics of Ag/p-NiO/
n-ITO/Ag, Ag/p-NiO/n-FTO/Ag and Ag/p-NiO/Glass/Ag heterostructures were examined. The maximum barrier height 
(ΦB) for the Ag/p-NiO/n-ITO/Ag heterostructure thin film was found to be 0.55 eV. In addition, the minimum ideality 
factor for this film was obtained to be 1.44 eV. The I-V analysis revealed that the Ag/p-NiO/n-ITO/Ag heterostructure is 
particularly suitable as a photoanode for solar cell applications.

Keywords: NiO, indium tin oxide, fluorine tin oxide, Heterosturcture thin films, successive ionic layer adsorption and 
reaction method, electrical performance, photoanode

1. Introduction
Transparent conductive oxides (TCOs) are currently one of the most widely used materials in a variety of 

applications, including solar cells, touch screens, flat panel displays and light-emitting diodes (LEDs) [1]. The optical 
properties of TCOs can be tuned by controlling their composition, thickness and surface morphology, resulting in a 
wider range of applications than other materials [2]. Among TCOs, oxide semiconductors such as NiO, ZnO, TiO2, SnO, 
MgO and CuO are among the most widely used materials in a variety of applications, including photodetectors, sensors, 
photodiodes and solar cells. In addition, these materials are also used in other areas such as sensing, catalysis and energy 
storage [3-6].

Nickel oxide (NiO) is a wide bandgap semiconductor with p-type conductivity (3.6 eV-4 eV) [7-9]. The wide 
bandgap of NiO makes it transparent in the visible region of the electromagnetic spectrum and opaque in the ultraviolet 
region. This property identifies it as a suitable candidate for applications in transparent conducting electrodes, solar cells 
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and optoelectronic devices [10-12].
NiO films are produced by techniques such as magnetron sputtering, thermal evaporation, chemical bath deposition, 

pulsed laser deposition (PLD), spray pyrolysis, sol-gel and successive ionic layer adsorption and reaction [13-14]. 
Among these techniques, SILAR stands out due to its numerous advantages, including its practicality, cost-effectiveness 
and reproducibility. In particular, the substrate used in production significantly affects the physical properties of the 
films. In the literature, there are numerous studies on the use of substrates such as silicon, quartz; sapphire, glass, 
fluorine-doped tin oxide (FTO) and tin-doped indium oxide (ITO) in NiO production [15-18]. ITO is a highly degenerate 
n-type semiconductor and is used in the opto-electronics industry for a variety of applications including liquid crystal 
displays, light-emitting diodes, solar cells, gas sensors and touch screens [19-24]. FTO thin films represent a type of 
transparent conductive oxide film that has attracted great interest in recent years. FTO thin films consist of tin oxide 
crystal structures doped with fluorine atoms [25-27]. Their transparency and excellent electrical conductivity make them 
the most suitable material for use in optoelectronic devices such as solar cells and transparent electrodes in displays 
[28-35]. Despite the optical superiority of ITO substrates, FTO substrates have a higher thermal tolerance without a 
change in resistance value. This is useful for improving the efficiency of some devices that require higher annealing 
temperatures than ITO [36]. The absorbance of ITO substrates is different from that of FTO substrates and depends on 
the interaction of precipitates with these substrates. Also, the size of the particles formed causes increased scattering and 
reflection at some wavelengths and decreased absorption [37]. The transmittance of ITO substrates in the visible range 
is higher than FTO substrates due to the surface roughness of the FTO substrate [38]. FTO films have higher efficiency 
and are used as electrodes in some photovoltaic cells. They can also be used instead of high-cost ITO films [39]. Glass 
substrates are amorphous and enable epitaxial growth of NiO films, resulting in highly crystalline films. This can be 
advantageous for applications where high crystal quality is required, such as solar cells and gas sensors. ITO, FTO and 
glass bases are all widely used in different production techniques. ITO in particular has advantages over other bases 
with its features such as low resistance, high current carrying capacity and high transmittance. The selection of these 
bases depends on cost, conductivity, permeability, chemical and thermal properties. Determining the appropriate base 
before production is extremely important depending on the desired properties.

The effect of the substrates used in the production of NiO films by SILAR on the properties of the films has not 
been fully explained in the literature. The contribution of our study to the literature is to elucidate the effects of the 
base used on the structural, optical, surface and electrical properties of NiO films to be produced in order to determine 
their potential for use as photoanodes. For this aim, NiO heterostructured thin films were deposited on three different 
susbtrates (ITO, FTO and glass) using the SILAR method. Structural, surface, optical and electrical properties of p-n 
heterostructured thin films obtained by using different substrates were investigated and the effects of the base used on 
the properties of NiO films were determined. The NiO-ITO films exhibited significant properties as the most suitable 
substrate for the SILAR technique with a low ideality factor and high crystallisation level.

2. Material and method 
2.1 Substrate preparation

ITO, FTO and glass materials were used as the substrate for the growth of the films. The glass substrates were 
cut to 8 mm wide and 25 mm long. After the cutting process, the glass substrates, FTO, ITO, and glass were washed 
thoroughly with soapy water to get rid of dirt. After washing, the substrates were ultrasonically cleaned in acetone for 
10 minutes. The clean FTO, ITO, and glass substrates were then dried in nitrogen gas. All processes were performed at 
room temperature.

2.2 Solutions preparation

Solutions were prepared to obtain nickel oxide layers by dissolving nickel (II) nitrate and aqueous ammonia in 
distilled water in a flask (one hundred milliliters) to obtain a ketone precursor and form compound ions ([Ni(NH3)4]

+2) 
with (pH ≈ 10), where the reagents are used analytically for Ni(NO3)2 and concentrated ammonia (NH3) (28%). The 
specific concentration values for a nickel (Ni) solution were 0.1 M and the molar ratio of Ni : NH3 was 1 : 10 obtained 
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as a result of several experiments. The SILAR growth cycle consists of four successive steps:
(i) Dipping the substrate into the ([Ni(NH3)4]

+2) complex solution for 30 seconds to create a thin liquid film 
containing ([Ni(NH3)4]

+2) on the substrate; (ii) immediately dipping of the extruded substrates into hot water (90 °C) 
for 7 seconds to form a NiO layer; (iii) dry the substrates in the air for 60 sec and (iv) then keep them in distilled water 
at room temperature for 30 minutes. Thus, the SILAR cycle is completed. The diagram showing the precipitation steps 
with the SILAR method to obtain nickel oxide films is shown in Figure 1. The process was repeated 40 times for all 
samples under the same conditions and annealing temperature for 15 minutes in an annealing furnace. The thickness of 
the produced films was determined by the weight method and calculated as approximately 200 nm for NiO-Glass, NiO-
FTO and NiO-ITO films.

ITO FTO
Glass

Chemical 
Solution

Hot Water
Air Drying

Deionized 
Water

SILAR process

NiO 
ITO 

Glass

NiO 
FTO 
Glass

NiO 
Glass

Figure 1. Diagram representing the steps of sedimentation by the SILAR method

2.3 Characterization techniques

The structural, optical, electrical and surface properties of NiO-ITO, NiO-FTO and NiO-Glass films deposited 
on different substrates were investigated. The characterisation of these properties was conducted using a range of 
analytical techniques, including X-ray diffraction (XRD), ultraviolet-visible (UV-VIS) spectrophotometry, current-
voltage measurement (I-V) and field emission scanning electron microscopy (FESEM). The UV-VIS spectrometer 
was employed for optical analysis. Absorbance and transmittance spectra were obtained from UV-vis spectrometer 
analyses. These spectra were used to determine the band gap, band structure, Urbach energies, refractive indices, and 
transmittance of NiO films. An APD 2000 PRO XRD device was used to analyse the X-ray results. X-ray diffraction 
patterns of NiO films were obtained from XRD analysis. The crystallisation levels, grain sizes, lattice constants, half-
peak widths and dislocation densities of the NiO films were calculated using the obtained X-ray diffraction patterns. 
The electrical properties of the films were determined by the two-end method. This involved making an Ag contact 
at two different points on the films, applying voltages in the range of -3 and +3 volts, and determining the current 
values against these voltages. A schematic representation of the contacts for I-V measurements is provided in Figure 
2. I-V graphs were constructed from the obtained current (I)-voltage (V) values, and the transmission mechanisms 
were determined. In addition, electrical parameters such as barrier height and ideality factor of NiO films were also 
calculated. The field emission scanning electron microscopy (FESEM) characterisation technique was employed to 
investigate the morphological properties and the effect of the base used on the surface properties of the films. The 
surface images of the films were obtained in general, and the effect of the substrate used on the surface properties was 
examined.
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Figure 2. Illustration of Ag/p-NiO/n-ITO/Ag, Ag/p-NiO/n-FTO/Ag, Ag/p-NiO/Glass/Ag heterostructure thin films

3. Results and discussion
3.1 Structural properties

Structural analysis of the NiO films was conducted using a CuKα radiation source with a wavelength of λ = 1.54056 
Å. The diffraction patterns were recorded by varying the diffraction angle (2θ). From the XRD data, the structural 
parameters such as crystalline level, dominant orientations, lattice constants (a, b, and c), grain size (D), dislocation 
density (d), FWHM, and micro stress (ε) were calculated for all films using the following equations. Figure 3 displays 
the XRD patterns for NiO-ITO, NiO-FTO, and NiO-Glass films. Analysis revealed that NiO-ITO exhibits the highest 
level of crystallization among all NiO films. NiO-Glass films exhibit the lowest crystallization level compared to the 
other films. While the crystallization level of NiO-FTO films is lower than that of NiO-ITO films, it is better than that of 
NiO-Glass films. The distances between the crystalline plane (d) values detected through XRD results of the NiO films 
show good conformity with the standard (d0) values. The films were recognized to be produced in NiO’s cubic phase 
according to the Joint Committee on Powder Diffraction Standards card (JCPDS: 01-073-1519), and the diffraction 
peaks were distinguished. In addition, the primary growth orientation in all films was in the (111), (200) and (220) 
directions and averaged over these three peaks, the lattice constants of NiO-Glass, NiO-ITO and NiO-FTO films were 
determined as a = b = c = 4.165°, a = b = c = 4.157° and a = b = c = 4.154°, respectively (Table 1).

Table 1. Some structural parameters of NiO-ITO, NiO-FTO, NiO-Glass heterostructure thin films

Material 2θ (°) FWHM (~) d (Å) Grain size
(nm) ε (Lines-2nm-4) δ (Lines/nm2)

Lattice parameter
(Å)

a = b = c

NiO-Glass

37.35 0.1629 0.240 51.4 6.70 × 10-5 3.77 × 10-4

4.16543.39 0.290 0.208 29.4 1.17 × 10-4 1.15 × 10-3

62.59 0.1555 0.148 59.7 5.70 × 10-4 2.80 × 10-4

NiO-FTO

37.45 0.174 0.239 48.1 7.10 × 10-4 4.31 × 10-4

4.15443.66 0.260 0.207 32.8 1.05 × 10-3 9.26 × 10-4

63.06 0.161 0.147 57.6 5.90 × 10-4 3.01 × 10-4

NiO-ITO

37.45 0.250 0.239 33.4 1.03 × 10-3 8.94 × 10-4

4.15743.48 0.290 0.207 29.4 1.17 × 10-3 1.15 × 10-4

62.71 0.254 0.147 36.5 9.40 × 10-3 1.00 × 10-4
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Figure 3. XRD spectra of NiO-ITO, NiO-FTO and NiO-Glass heterostructure thin films

Some structural parameters of NiO films, including diffraction angle (2θ), interplanar distance (d), full width at 
half maximum (FWHM), grain size (G), micro strain (ε) and dislocation density (δ) were determined. The grain size, 
dislocation density and micro strain (ε) of the NiO films were calculated using the following formulas, respectively [40-
42].

0.9
cos

D λ
β θ

=

2

1
D

δ =

cos
4

β θε =

where λ is wavelength, β is full width at half maximum, θ is Bragg angle and D is grain size. These findings are 
presented in Table 1 for the NiO-Glass, NiO-FTO, and NiO-ITO heterostructure thin films.

(1)

(2)

(3)
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3.2 Optical properties 

The response of NiO films to visible light was established through the utilisation of UV-Vis spectroscopy, in 
conjunction with various optical parameters, including band gap, Urbach energy and refractive index. Absorbance and 
transmittance spectra were recorded for all materials in the range of 200-1,100 nm. The transmittance and absorbance 
spectra for NiO films are exhibited in Figure 4a and b, respectively. The material with the highest average transmittance 
value in the visible region was NiO-ITO, while the lowest material was NiO-Glass. It has been demonstrated that ITO 
bases are more suitable than others to obtain high transmittance values in NiO films. When the absorption spectra are 
examined, it is evident that the band edge of the NiO-glass films has a more flat and distorted structure. This situation 
is slightly improved for NiO-FTO, with the films exhibiting smoother band edges than NiO-glass. Conversely, it was 
determined that the band edge of NiO-ITO films became sharper, with the band structure improving. Additionally, a 
graph illustrating the change in refractive index values of NiO films according to wavelength is presented in Figure 4c. 
It was determined that the average refractive index values of the films in the visible region ranged between 1.5 and 2.
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Figure 4. (a) Transmittance, (b) Absorbance and (c) Refractive index spectra of NiO-ITO, NiO-FTO, and NiO-glass heterostructure thin films

For the optical band gap values calculation of NiO films was used to the following Tauc equation [43]:

(αhν) = A(hν − Eg )
n

where A is a constant determined by the refractive index of the material, Eg represents the optical band gap, and hν is 

(4)
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the photon energy. Figure 5 shows the optical energy gap of NiO films for direct and indirect electron transitions. While 
the calculated indirect optical energy gap value was in the range of 3.56-3.68 eV, the direct optical energy gap values 
were determined to be in the range of 3.92-3.97 eV. The calculated band gap energy values of NiO films produced 
on ITO, FTO and glass are 3.91, 3.93 and 3.97 eV, respectively. Band gap values of NiO films produced on ITO and 
FTO substrates are almost the same. However, band gap values of NiO films produced on glass are higher than films 
produced on other substrates. NiO films produced on glass substrates have the widest band gap 3.97 eV for direct band 
transition.
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Figure 5. The ahv-hν graphics of NiO films
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Figure 6. Urbach energy (a) NiO-ITO, (b) NiO-FTO and (c) NiO-Glass films

Optical transitions between a material’s valence and conduction bands, defect states, conduction mechanisms, 
and disproportionate charge-induced defects depend on the material’s bandgap. The identification of these changes 
and defects in the structure is achieved by detecting the Urbach tails that are formed in the band structure. The energy 
associated with these Imperfect Urbach tails in the band structure is referred to as the Urbach Energy (Eu). Therefore, it 
is a significant parameter in identifying alterations in the band structure of materials. The Urbach energy was determined 
by computing the inverse of the gradient of lnα-hν plots, using the following equation [44]:

u/
0 exph E Eνα α −=

where α0 is a constant and Eu represents the Urbach energy, which is the width of the tails of localized states in the 
material’s band gap. lnα-hν graphs are presented in Figure 6. The Urbach energy of NiO-ITO films is higher than that 
of NiO-Glass films. This change indicates improved crystallisation of NiO-ITO films and fewer defects in these films. 
XRD results support this situation (Figure 3). The base on which NiO films are grown significantly affects the structural 
and surface properties of the films. Therefore, better crystallisation and more homogeneous surface distribution on ITO 
substrates, which are more regular than glass substrates, cause better optical parameters of NiO-ITO films. Also, surface 
defects in semiconductor films can significantly affect electronic band structures, leading to changes in optical, electrical 
and transport properties. These defects introduce localised states in the bandgap, alter carrier dynamics and can even 

(5)
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change the effective bandgap. Surface irregularities and imperfections effectively widen the band edges, creating Urbach 
sagging. This can lead to valance band gap absorption. However, imperfections can also lead to surface reorganisation 
by causing structural changes that alter the surface band distribution. The higher Urbah energy of NiO-Glass films may 
be due to the surface properties mentioned in these reasons. FESEM images (Figure 7) support this situation. Cracks, 
surface irregularities and defects on the surface of NiO-Glass films effectively widened the band edges and caused 
Urbach tailing.

100 nm
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Figure 7. FESEM images of (a) NiO-Glass, (b) NiO-FTO and (c) NiO-ITO heterostructure thin films

Another important parameter showing the change in the band structure is the steepness (σ) parameter. This 
parameter is the perpendicularity parameter that shows the band broadening in the material. Also, the step parameter 
determines the electron-phonon (Ee-p) interaction. These two important parameters can be calculated with the following 
equations [45, 46]:

B

u

k T
E

σ =

where σ is the steepness parameter, kB is the Boltzmann constant, and T is the absolute temperature. These calculated 
values and changing are given in Table 2 and Figure 8.

(6)
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Table 2. Some optical parameters of NiO-ITO, NiO-FTO and NiO-Glass films

Films Direct Eg (eV) Indirect Eg (eV) Eu (meV) σ × 1020 Ee-p × 1019

NiO-ITO 3.92 3.68 260 1.44 4.59

NiO-FTO 3.93 3.60 310 1.21 5.48

NiO-Glass 3.97 3.56 360 1.04 6.36
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3.3 Electrical properties 

The two-point method was utilised in order to examine the sheet resistance (Rs). A variation in the voltage (V) was 
applied between the outer two leads and the current (I) was measured under dark conditions. The reverse to forward bias 
current measurement was taken for the applied potential of -3 V to +3 V. This method was applied linearly, and the layer 
resistance was calculated. Figure 9 shows the I-V characteristics of nio heterostructure thin films under dark conditions. 
The graph and the values of the surface resistance demonstrated that NiO-glass films deposited on glass substrates 
exhibited linear ohmic behaviour in both cases of forward and reverse bias, as illustrated in Figure 9a. In contrast, the 
NiO-FTO films exhibited nonlinear behaviour closer to exponential than ohmic behaviour in both forward and reverse 
bias cases. The films of NiO-ITO and NiO-FTO exhibited diode properties, as shown in Figure 9b-c.

We had defined Rs is the surface resistance when d thickness of the film it is the ratio between the electrical 
resistance ρ. Resistance is symbolized by the symbol Rs and its unit (Ω) and it is expressed by the following equations 
[47]: 

S /R dρ=

S ln2
VR

I
π

=

where is I is electric current (A), V is fitted voltages and π/ln2 is the correction factor is equal to 4.532. Also, the 
electrical conductivity σ values calculate using by the following equations:

(7)

(8)
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Figure 9. Voltage and current curve of (a) NiO-Glass, (b) NiO-FTO and (c) NiO-ITO heterostructure thin films

The I-V results indicate that the surface resistance and electrical conductivity values of the films are presented in 
Table 3. It can be observed that the conductivity of the NiO-ITO and NiO-FTO films is higher than that of the NiO-
Glass film in both the forward and reverse bias of conductivity. This increase in conductivity can be attributed to the tail 
width of localized states within the optical bandgap (Urbach energy), which is dependent on the nature of the substrate 
used. Furthermore, alterations to the crystal structure of the films may result in enhanced electrical conductivity.

Table 3. The surface resistance values in the forward and reverse bias

Material
Forward bias Reverse bias

V (Volt) (Ω) σ (Ω.cm) V (Volt) (Ω) σ (Ω.cm)

NiO-ITO 3-0.05 7.32 × 102 6.83 × 101 (-3)-(-0.05) 2.68 × 103 1.87 × 101

NiO-FTO 3-0.05 2.88 × 103 1.73 × 101 (-3)-(-0.05) 6.17 × 103 8.10

NiO-Glass 3-0.05 9.26 × 103 5.40 (-3)-(-0.05) 9.77 × 103 5.12

(10)

(9)
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To determine the charge transport mechanism of the NiO films, a conventional current Eq. (11) is used as;

0 exp qVI I
nkT

 =   

where V is the applied voltage, n is the ideality factor, k is the Boltzmann constant, T is the absolute temperature and q is 
the electronic charge, I0 is the saturation current. I0 is the saturation current given by Eq. (12);

2 B
0 exp qI AA T

kT
φ∗  = − 

 

where A, A*, are the zero-bias barrier height, effective contact area and effective Richardson’s constant respectively. The 
theoretical value of Richardson’s constant is expressed as in Eq. (13).

2

3

4 m K qA
h

π ∗
∗ =

where h is the Planck’s constant and m* is the effective mass of electron. Here we put m* = 0.8 m0 for NiO to get the 
value of effective Richardson’s constant, and the calculated value was found to be A* ∼ 96 A-cm-2-K-2 [48].

The NiO film parameters barrier height φB and ideality factor η were measured under dark conditions. The 
reverse to forward bias current measurement was taken for the applied potential of -3 V to +3 V. By using the theory of 
thermoionic emission and using I-V results of the deposited films, the parameters barrier height φB, ideality factorwere 
measured by the following Eq. (13) and (14):

2
b

B
0

ln
K T AA T

q I
ϕ

∗ 
=  

 

where φB is barrier height at zero bias. The ideality factor (η) which is another important electrical parameter were 
calculated by the following;

b (ln )
q dV

K T d I
η

 
=  

 

The log I-V plots of NiO films is given in Figure 10 and Could 
(ln )
dV

d I
 
 
 

 obtained from the I-V graph in these 

graphs. And we got the η valuses [49]. Table 4 shows some electrical parameters calculated. These results are roughly 
consistent with previous studies [50-52]. The films (NiO-ITO) and (NiO-FTO) showed slightly different electrical behvior 
than the other samples, as this sample has characteristics close to a diode and a small saturation current compared to 
the other samples as shown in the Figure 10. The lowest ideality factor was observed in the NiO-ITO thin film, while 
the highest ideality factor was observed in the pure NiO-Glass thin film. This can be attributed to the improvement of 
the surface morphology of the NiO-ITO thin film. It has been shown that NiO-ITO films exhibit superior electrical 
properties compared to other films and similar studies are found in the literature [53-55].

(11)

(12)

(13)

(14)

(15)
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Table 4. The calculated barrier height φB, ideality factor η parameters

Films η φB (eV)

NiO-ITO 1.4420 0.554

NiO-FTO 1.9756 0.494

NiO-Glass 3.4480 0.589
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Figure 10. The log I-V plots of (a) NiO-Glass, (b) NiO-FTO and (c) NiO-ITO heterostructure thin films

3.4 Surface properties

A field emission scanning electron microscope (FESEM) was employed to examine the surface morphology of the 
films NiO-Glass, NiO-FTO, NiO-ITO deposited on substrates. Figure 7 shows FESEM images of the deposited films. 
It is evident that the surfaces of the prepared films exhibit round particles, with a homogeneous distribution on the 
substrate, and that there are no cracks on the surface of the film or large molecular agglomerations. The formation of the 
film surface is contingent upon the method of preparation and deposition parameters of the SILAR method. The surface 
homogeneity of the films deposited on the FTO and ITO substrates was determined to be superior to that of the NiO 
films deposited on the glass substrate. While cracks were observed in some areas of the surfaces of the films deposited 
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on the glass, other films exhibited complete homogeneity. The most homogeneous NiO films were those deposited on 
ITO. In all films, Ni and O atoms combine to form a round structure. In NiO films produced on ITO base, these round 
formations are more prominent and larger than in other films.

4. Conclusions
NiO-ITO films have high crystallinity levels, low grain size, more stable and homogeneous surface morphology. 

They have higher optical transmittance (60%) and a more suitable band structure compared to other films. NiO-ITO 
films showed high electrical conductivity (6.83 × 101-1.87 × 101 Ω.cm), lowest saturation current and diode behavior. 
Also, these films have the lowest ideality factor (1.44). These results show that the ITO base material used in the 
production of NiO films produced by the SILAR method will significantly increase the quality of the films compared 
to FTO and glass bases and expand their potential applications. Especially, NiO-ITO heterostructured films have the 
potential to be used as photoanodes in solar cells and photodetectors.
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