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UV photo-sensing performance of NiSnO3 thin films deposited by pulsed
spray pyrolysis technique
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Abstract: Pure nanostructured thin films of nickel stannite (NiSnO3; NSO) semiconducting oxide are synthesized by a

simple pulsed spray pyrolysis technique on glass substrates at different deposition temperatures and spray times. XRD

recorded patterns exhibit a polycrystalline nature for the deposited films. The Raman spectra provide confirmation of the

presence of Sn–O and Ni–O bands. FESEM demonstrates a membrane-like structure with hexagonal pores’ formation and

different diameter sizes. The NSO energy bandgap is calculated to be 3.72 eV using the absorption spectrum fitting

method. The photoluminescence intensities of NSO films were found to fluctuate with the influence of deposited substrate

temperature and spray time. The photo-sensing performance was examined by calculating the change in the resistance of

the deposited films corresponding to the UV light exposure at room temperature. NSO samples prepared at high substrate

temperatures, and long spray times perform the best dynamic photo-response for the UV illumination.
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1. Introduction

Due to their exceptional properties, bimetal oxide materials

with a crystalline structure of (ABO3, where A and B are

two cations) have demonstrated superior capabilities in

manipulating their electronic properties compared to

nanostructured metal oxide constituents such as NiO, ZnO,

and SnO2 [1, 2]. The perovskite-type lattice has a high

absorption coefficient, long-range ambipolar charge trans-

port, a low exciton-binding energy, a high dielectric con-

stant, ferroelectric characteristics, etc. Perovskite as a

binary transition metal oxide compound has gained more

importance in the past few years due to its use in many

technical applications such as electrocatalysts [3], chemical

gas sensors [4], Li-ion batteries [5], and fuel cell electrodes

[6] and supercapcitor electrodes [7]. It has been noted that

the poor electrical conductivity of transition metal oxides

such as WO3, SnO2, NiO, and TiO2 lowers their specific

capacitance, and the electrical conductivity of these

nanostructured materials can be improved by creating a

mixture of these transition metal oxides [8, 9]. Due to their

excellent conductivity performance, cobalt–nickel oxide,

nickel–manganese oxide, and cobalt–manganese oxide

composites are extensively researched in the literature

[10–13].

The lack of reported research on composites of NiO and

SnO2 in the literature may be related to that SnO2 (un-

doped) material has high resistivity (low direct electron

transfer rate) [14–16]. The conductive type of MSnO3

(M = Zn, Cd, Ni) perovskite structure was found to be

n-type semiconductors, as reported in Ref. [17]. Recently,

NiSnO3 (NSO) bimetal oxide has attracted a lot of attention

due to its potential applications as a superior electrocata-

lyst, electrochemical supercapacitors, photovoltaic elec-

trodes, and gas sensors [18–20]. Nanostructured NiSnO3, is

a significant perovskite material having a bandgap of

3.75 eV in the visible wavelength region. Moreover,

NiSnO3 outperforms single metal oxides (NiO, SnO2) and

mixtures of NiO /SnO2 in electrochemical reactions [21].

Several methods are used to prepare bimetal oxides, such

as the hydrothermal method [3], cost-effective ultrasonic-

assisted method [5], green synthesis method [18], spray

pyrolysis [19], chemical coprecipitation technique [17],

in situ polymerization method [22], and the co-deposition

method [23]. Moreover, most perovskite oxides exhibit

semiconductor properties, characterized by wide bandgap

energies and unique optical properties. As a result, they are

well suited for applications in advanced optoelectronics,

photoluminescence (PL), and electroluminescence materi-

als. Nevertheless, despite the abundance of research con-

ducted on perovskite oxide semiconductors, the

luminescent properties and dynamics of the excited state

are still not understood [24–26].Since no more have been

surveyed and there is a lack of further research work

concerning NiSnO3 thin films and their photo-sensing

properties. The aim of this work is to focus on the synthesis

and stabilization of NiSnO3 thin films on glass substrates

by a pulsed spray pyrolysis (PSP) system at a series of

different deposition temperatures and spray times. The

investigation emphasizes the structural, optical, and pho-

toluminescence features of these deposited films and their

performance toward UV light as a promising photo-sensing

candidate.

2. Experimental details

Simple pulsed spray pyrolysis (PSP-On/Off) system is used

to deposit NiSnO3 (NSO) thin films onto a normal micro-

scopic soda lime glass substrates at different deposition

temperatures and spray times, a description of the experi-

mental PSP setup utilized to create the spray-deposited

films is mentioned clearly in Ref. [2]. Precursors for nickel

and tin were NiCl2.6H2O (purity 97%) and SnCl4.5H2O

(purity 98%) of (Sigma-Aldrich). All the chemicals used

are grade-mark and were supported without any further

decontamination. To create the final spraying solution of

0.1 M concentration with 50 ml for each deposition, an

equimolar of (NiCl2.6H2O: SnCl4.5H2O, 1:1) precursors

was dissolved in distilled water (D.W.) and vigorously

stirred for 20 min to produce the spray deposition solution.

NSO thin films were deposited at substrate temperatures of

(400, 450 & 500 �C) and spray time (30, 40 & 60 min)

with an intermitted pulse deposition interval of (1 s on /4 s

off)) for the best obtained deposition temperature condi-

tion. All other pulsed spray pyrolysis parameters such as

substrate/nozzle distance (28 cm), carrier-gas flow rate

(Air 25 L/min), solution molarity. To clarify the existing

phases and crystal nature of the deposited films, the X-ray

diffractometer (XRD–Empyrean from PANalytical

Netherlands) is used to record the XRD patterns for the

analyzed samples with 2h scan angle range between 10�
and 80�. The Raman spectra were obtained using the

Confocal Raman Microscope (Alpha300 RA/S manufac-

tured by WITec GmbH.), which is aligned through a 20X

ZEISS objective to confirm the layer structure and phase

formation of the deposited films. To determine the con-

centration and chemical environment of the samples, the

spectrofluorometer (model-FS5) from (Edinburgh Instru-

ments Ltd., UK) is used to analyze their fluorescence

characteristics. Field emission scanning electron micro-

scope (FESEM–Quanta FEG 250 with field emission gun,

FEI company-The Netherlands) is used to examine the

surface morphology of the synthesized thin films, and

energy-dispersive X-ray spectroscopy (EDX) tool associ-

ated with the FESEM is also used to provide elemental
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microanalysis of the prepared samples. The optical trans-

mittance measurements of the films have been examined by

UV–Vis–NIR double-beam spectrophotometer (Jasco-

750 V) in the wavelength range of 200–2500 nm to esti-

mate the bandgap (Eg) of the films. Photosensitivity (film

resistance loss) measurements for NSO films prepared at

different conditions were investigated at room temperature.

By using UV light lamp (SPECTROLINE model 11SC-1

OP) of (k = 254 nm & I = 5 mW/cm2), at different expo-

sure cycles of (ON, illumination / OFF, dark) modes with a

computerized interface connected digital multimeter

(Tekpower TP4000zc-RS232), and at constant distance of

(1 cm) from the UV light source the dynamic photosensi-

tivity of (response/recovery) were recorded directly for the

synthesized samples.

3. Results and discussion

3.1. XRD measurements

Figure 1(a, b) shows the XRD spectra of NiSnO3 (NSO)

thin films deposited at different temperatures and times on

glass substrates with a 1:1 ratio of Ni to Sn.

Figure 1(a) shows the XRD pattern of the synergistic

effect for the samples deposited at constant spray time of

60 min and different deposition temperatures of 400, 450,

and 500 �C of the NSO thin films. At deposition temper-

ature of 400 �C, the material exhibits a limited degree of

crystallinity, and the observed diffraction patterns can be

attributed to the cubic perovskite-type structure of NSO.

Specifically, two peaks are found at 2 theta angles of 26.28
and 37.588, which correspond to the standard diffraction

pattern of NSO as documented in the JCPDS database (No:

28-0711) [19, 20, 27]. The enhancement of deposition

substrate temperatures to 450 and 500 �C, while main-

taining a growth time of 60 min, leads to significant

improvements in the crystalline quality of the thin films. At

500 �C, all diffraction patterns of NSO are clearly

observed, indicating the polycrystalline nature of the film.

Figure 1(a) illustrates a notable increase in the crystalline

structure of the film at a temperature of 500 �C compared

to all other films deposited at lower temperatures if 400 and

450 �C which reflects that the prepared sample achieved an

optimal state of growth. There were no observable

diffraction signals indicating additional contamination,

thereby affirming the remarkable precision of the produced

samples, and bolstering their accuracy. Figure 1(b) eluci-

dates the impact of varying deposition times (30, 40, and

60 min) on the formation of NSO films at a consistent

temperature of 500 �C.
For the samples deposited at spray time of 30 min, the

recorded diffraction peaks are observed at 2-theta position

is very close to 26.14� along the (103) plane and at 37.7�
along the (301) plane [3]. Additionally, these weakly

observed indicate the presence of a cubic NSO phase and

confirm the monocrystalline nature of the synthesized NSO

layers. By increasing the deposition time beyond 40 min,

the intensity of the diffraction peaks demonstrates a rise

when the duration of growth reaches 60 min with a clear

polycrystalline arrangement. The results indicate that both

substrate temperature and deposition time are conducive to

the crystallization of the film. The chemical composition of

the NSO thin films depicted in Fig. 1(a) and (b) exhibited

minimal or negligible phase transitions as reported from

the obtained XRD patterns. Scherer formula in Eq. (1),

microstrain strain (e) in Eq. (2), and dislocation density (d)
in Eq. (3) are used to determine the structure parameters of

the specimens, considering the most distinct peak (103) are

recorded in Table 1.

C ¼ Kk
bCos hð Þ ; ð1Þ

e ¼ b
4Tan hð Þ ; ð2Þ

d ¼ 1

C2
: ð3Þ

where k is the wavelength of Cu Ka radiation of 1.5408 Å,

the Scherrer constant k = 0.94, and b is the full width at

half maximum (FWHM). The crystallite sizes of the sam-

ples deposited at different temperatures of 400 �C, 450 �C
& 500 �C and constant spray time of 60 min were deter-

mined to be 29.43, 39.50, and 49.12 nm, respectively.

These measurements were also investigated for the samples

sprayed at constant temperature of 500 �C and different

spray times of 30 & 40 min, resulting in crystallite sizes of

25.91 and 30.13 nm. According to the structural parame-

ters obtained in Table 1, the optimal structural character-

istic is observed for the NSO film prepared at long spray

time and high deposition temperature.

3.2. Raman study

In Fig. 2, an inset shows the Raman spectra of NiSnO3

(NSO) thin films deposited on glass substrates at different

temperatures and spray times. In comparison to X-ray

diffraction (XRD) analysis, which exhibits limited sensi-

tivity in detecting low levels of oxide, the utilization of

Raman spectroscopy has demonstrated its potential in

detecting and characterizing microstructural features as

well as identifying defects such as oxygen vacancies.

Consequently, this technique can significantly contribute

to the knowledge of various emerging physical phenomena

observed in thin films [28]. As depicted in Fig. 2 as an

inset, the observed fluctuations in the strength of these
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Raman peaks can be attributed to the structural features and

size variations of the crystallites, as determined by the

XRD analysis provided above. Gaussian fit deconvolutions

were conducted on spectra collected from samples to get

more accurate Raman line positioning. This is illustrated in

Figs. 3 and 4, where the red lines depict the cumulative fit

to the data within the spectral range. Figure 3 illustrates the

Raman spectra of a glass substrate, specifically a micro-

scopic slide. The spectrum exhibits two prominent bands at

Fig. 1 XRD spectra of NiSnO3

(NSO) thin films (a) deposited
at different deposition

temperatures of (400, 450,

500 �C & constant spray time of

60 min.) and (b) of different
spray times at (30, 40, 60 min &

constant deposition temperature

of 500 �C) on glass substrates
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wavenumbers of 556 and 1097 cm-1, along with a very

small, broad band at 789 cm-1.

The Raman spectra of the NSO thin film, as depicted in

Fig. 3, exhibit the presence of four broad peaks when

analyzed using Gaussian fit deconvolutions. The thin film

was deposited at temperatures of 400 and 450 �C. The

spectral peak observed at 527.62 cm-1 may correspond to

the formation of glass substrate at a temperature of 400 �C.
Additionally, the peaks observed at 554.83 cm-1,

582.88 cm-1, and 630 cm-1 could be related to the pres-

ence of the glass substrate and the vibrations of the Ni–O

and Sn–O bands [29]. The Raman spectra of the NiSnO3

(NSO) thin films deposited at different times show three

strongest peaks as depicted in Fig. 4. One of these peaks is

broad and laying in the range of (562.79–570.21) cm-1,

which is related to the tin–oxygen (Sn–O) stretching mode

[30, 31]. There are also two-phonon modes at 664.45,

698.75, 753.91, 759 cm-1 (2TO modes) and another at

1066.62, 1081.49, 1088.85, 1093.86, 1089.38 cm-1, asso-

ciated with nickel oxide (2LO modes) and O–Sn–O,

respectively [30–32]; as shown in Figs. 3 and 4. The

Raman spectra of the NiSnO3 (NSO) thin films, which

were deposited on glass substrates at various time intervals,

exhibit three prominent peaks, as depicted in Fig. 4.

One of these peaks, spanning the range of

562.79–570.21 cm-1 is characterized by its broad nature

and is associated with the stretching mode of tin–oxygen

(Sn–O) bonds [30, 31]. Additionally, there exist two-pho-

non modes at frequencies of 664.45, 698.75, 753.91, and

759 cm-1, referred to as 2TO modes. Furthermore, there is

another mode at frequencies of 1066.62, 1081.49, 1088.85,

1093.86, and 1089.38 cm-1, connected with nickel oxide

(2LO modes) and O–Sn–O, as depicted in Figs. 3 and 4

[30–32].

3.3. FESEM morphological measurements

Figure 5 shows the FESEM images of the sprayed NiSnO3

perovskite thin film at different deposition temperatures

and spray times at a magnification of 50,0009 . The films

deposited at 400 �C show a poor semi-closed surface

morphology, as seen in Fig. 5(a). With increasing deposi-

tion temperatures to 450 �C, a preliminary defined film

surface morphology improvement starts to appear with the

formation of interconnected flakes, as shown in Fig. 5(b).

Finally, NSO films deposited at 500 �C and 60 min

show a well-texturally agglomerated interconnected flake

of a membrane-like structure, as represented in

Table 1 The estimated structural factors, crystallite size C, strain e

and dislocation density d, of NSO deposited films

Sample Structural parameters

Crystallite size (C) (nm) Dislocation d*10-4 e*10-3

400 �C 29.43 11.54 31.66

450 �C 39.50 6.41 14.98

500 �C 49.12 4.14 8.56

30 min 25.91 14.89 33.64

40 min 30.13 11.01 28.51

Fig. 2 The Raman spectra of

NiSnO3 (NSO) thin films

deposited at different deposition

temperatures of (400, 450,

500 �C & constant spray time of

60 min.) and different spray

times of (30, 40, 60 min &

constant deposition temperature

of 500 �C)
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Fig. 5(e) with a hexagonal pores structure of diameter size

within the film texture. For the samples deposited at con-

stant substrate temperature of 500 �C and different spray

time of (30 & 40 min), as shown in Fig. 5(c & d), a lower

morphological structure for the films prepared at short

spray time of 30 min, which enhances to form an inter-

connected flakes and pores with increasing the spray time

to 40 min. Such pore structure is obtained at highly

deposited temperature samples, which is related to the film

formation based on the nucleation and coalescence of

atoms during the deposition process [33].

This type of morphological structure for the prepared

samples with this porosity provides a high surface area,

which makes it suitable for use in photo-sensor applica-

tions [21]. Ni–Sn–O thin film elemental compositions for

the best preparation conditions of deposition temperature

500 �C and 60 min spray time are examined by EDX

analysis, as illustrated in Fig. 5(f). From the recorded

patterns, it is seen that the ratio of Ni:Sn:O is

(20.82:17.93:61.26) which confirms the presence of Ni and

Sn in the Ni–Sn–O matrix. These average Ni and Sn atomic

percentages were recorded at different zones of the NiSnO3

sprayed sample. This noticeable small excess in the Ni

percentage may appear due to the precursor preparation or

the sample deposition process which causes a nonstoi-

chiometric nature in the films, as reported in Ref. [34].

3.4. Optical measurements

NiSnO3 thin films’ optical transmission spectra were

investigated using a UV–Vis-NIR spectrophotometer in the

range between 0.2 and 2.5 lm. As shown in Fig. 6(a), the

deposited films exhibit high transparency within the visible

range, with an average transmittance of 65% for the sample

deposited at 500 �C and a short spray time of 30 min.

While the samples deposited for long spray times of 40 and

60 min showed a low transmittance value; this is due to the

increase in the thickness of the films. This implies that

these films have a respectable optical quality because of

their lowest scattering or absorption losses. The optical

bandgap of the prepared samples at different deposition

temperatures and spray times was calculated using Tauc’s

model and the absorption spectrum fitting (ASF) method

reported in Ref. [35].

The determined bandgap with this method requires only

the measurement of the absorbance spectrum and no

additional information, such as the film thickness or

reflectance spectra [35]. Since the value of the bandgap, in

Fig. 3 Gaussian-resolved components of the Raman spectra of NiSnO3 (NSO) thin films deposited different deposition of temperatures at 400 &

450 �C at constant spray time of 60 min
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electron volts (eV), can be calculated from the parameter

kg using the following Eq. (4):

EASF
gap ¼ 1239:83

kg
: ð4Þ

where the value of kg can be extrapolated from the linear of

the
Abs kð Þ

k

� �1
m

versus (1/k) curve at Abs kð Þ
k

� �1
m¼ 0; in mean

absorption range indicating that the electronic transitions

are direct [35]. The calculated bandgap values for the

prepared samples at a deposition temperature of 500 �C
and 60 min of spray time as shown in Fig. 6(b) ranges

between 3.59 to 3.72 eV, which are in good agreement

with the literature reported in Refs. [7, 34]. The reasons for

the shift of the bandgap to lower values are ascribed to the

increase in the crystallite size of the particles with

increasing deposition time, and also, in these binary metal

complex systems, the bandgap in semiconductors becomes

narrow due to the redistribution of the charge carriers and

their concentration [36, 37].

3.5. Photoluminescence study

Photoluminescence serves as a valuable technique for

elucidating the spatial distribution of electron–hole pairs,

assessing the efficacy of charge carrier trapping, and

evaluating the mobility characteristics of particles within a

semiconductor material. The examination of photolumi-

nescence (PL) spectra is vital due to the predominant role

of free carrier recombination in causing PL emission. The

photoluminescence (PL) spectra of nanostructured materi-

als are intricately linked to the behaviors of photo-induced

electron and hole transport. The utilization of these spectra

enables the determination of the spatial distribution of

electron–hole pairs within semiconductor nanoparticles, as

well as the evaluation of the recombination rate of charge

carriers [38, 39]. Figure 7(a) and (b) displays the phe-

nomenon of band-to-band emission, which facilitates the

direct recombination process between an electron in the

conduction band and a hole in the valence band.

Unlike direct recombination, excitonic emission uses

flaws and defects on the surface of the substance. The

spectral data were partitioned into two distinct regions: the

ultraviolet (UV) region and the visible light range, which

exhibited a prominent band associated with defects span-

ning from 468 to 590 nm. The UV emission band-to-band

and exciton recombination centered at 369.65 and

381.46 nm, respectively, in NSO is attributed to band-to-

band recombination, namely near-band edge excitonic

emission, occurring within the large bandgap that agrees

with the optical analysis and other reports [19]. The

Fig. 4 Gaussian-resolved components of the Raman spectra of NiSnO3 (NSO) thin films deposited at different spray times of (30, 40, 60)

minutes at constant deposition temperature of 500 �C

UV-photosensing performance of NiSnO3 thin films deposited



Fig. 5 FESEM micrographs (a, b, and e) for the prepared NiSnO3

thin films deposited at different temperatures of (400, 450, 500 �C &

constant spray time of 60 min.) and (c, d, and e) different spray times

of (30, 40, 60 min. & constant deposition temperature of 500 �C).
(f) EDX images for the best condition deposited sample temperature

at 500 �C and spray time of 60 min
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NiSnO3 crystal lattice exhibits violet emission bands at 431

and 437 nm, a blue emission band at 468–469 nm, and

green emissions at 509.57 nm, 510 nm, 535 nm, and

545 nm. These emissions are likely associated with the

presence of different intrinsic defects when excited at

wavelengths of 300 and 350 nm [19]. Additionally, a yel-

low emission peak is observed at a wavelength of 594 nm.

The origins of both peaks can be attributed to defects or

defect levels associated with oxygen vacancies, nanocrystal

grains, or tin interstitials that were created by the tin

dioxide thin film at the nanoscale [40]. This observation

was determined after conducting an analysis of the data.

The study conducted by Jiang et al. centered on the

examination of photoluminescence of nickel oxide thin

films across a wide spectrum of temperatures which indi-

cated that nickel vacancies were responsible for the

observed emission in the produced sample [41]. The pho-

toluminescence (PL) intensities of NSO thin films were

found to be fluctuating with the influence of deposited

substrate temperature and time, as shown in Fig. 7(a) and
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(b) due to the structural characteristics. This finding

demonstrates that the utilization of deposited NSO thin

films can enhance the efficiency of photoinduced electron

and hole separation while concurrently inhibiting the

undesired recombination process of photogenerated elec-

trons and holes within NSO that which supportive the idea

to use the prepared samples as a photo-sensor candidate.

3.6. UV-illuminations photo-response measurements

The change in the behavior of the sample’s resistance

measurement is recorded directly by the (Tekpower

TP4000zc-RS232) multimeter connected to the PC. The

utilized UV-lamp’s (k = 254 nm, I = 5 mW/cm2) incident

photon energy is 4.88 eV, which is higher than the exam-

ined samples of 3.75 eV energy gap.

So, the creation of electron–hole pairs continues,

resulting in an overabundance of free carriers, which

induces photocurrent that allows the abrupt decrease in

sample dark resistance. To calculate the rate of decrease/

increase of the sample resistance corresponding to [ON

(light)/OFF (dark)] cycle, three (ON/OFF) cycles are

enlarged by retracing the recoded data using a charting

program for the prepared samples. The effect of the

deposition temperatures (400, 450 & 500 �C) on the photo-

response is investigated and as shown in Fig. 8 the samples

deposited at 500 �C and 60 min of spray time recorded the

highest photo-response and recovery when exposed to the

(ON/OFF) UV cycle of illumination. When the samples are

subjected to the UV radiation, they exhibit a high photo-

response with an abrupt drop in the resistance from over-

load (O.L. MX) range to & 2 M Ohms after 63 s of illu-

mination. This highly photo-response is related to the well-

Fig. 7 The photoluminescence

(PL) measured spectra for

(a) NiSnO3 (NSO) thin films

deposited at different deposition

temperatures and (b) of spray
times at the excitation

wavelengths 300 and 350 nm
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constructed hexagonal pores structure at the surface of the

prepared samples as shown in FESEM and PL sections (see

Figs. 5(e) & 7(a) and (b)). Since this surface morphology

allows the UV light to penetrate and interact with more

active sites within the film, it enhances the electron/hole

pair generation process and improves the samples

conductivity.

The samples prepared at lower temperatures of 400 and

450 �C recorded no discriminative photo-response effect

during the UV-(ON/OFF) illumination cycles like that

registered for the sample deposited at 500 �C and 60 min

of spray time. This vanishing of a well-recorded photo-

response for these samples may be related to its both closed

& lower surface topography, as seen from FESEM graphs

(see Fig. 5(a) and (b)) and the high adsorption of oxygen

on the film surface. The constant resistance values of the

samples after a considerable illumination time can be

attributed to the constant photo current arises from the

equilibrium state between generation and the recombina-

tion process in charge carriers. Also, the recovery to the

dark (OFF) resistance value occurs after nearly* 1 min of

light turning off.

The effect of the spray time on the photo-response is

recorded for the samples deposited at a constant substrate

temperature of 500 �C and different spray times of (30, 40

& 60 min) as seen in Fig. 9. Three different (ON/OFF)

cycles for the dynamic photo-response were performed for

the films deposited at different spray times, showing that

the sample deposited at 60 min gave the highest values of

photo-response and recovery as well as the sample resis-

tance loss.

The key characteristic of the ON/OFF figure is the

asymmetry of the resistance decrease and rise, which

indicates presence of localized intermediate states within

the energy gap that obstruct the direct electron/hole

recombination as reported in the obtained PL data with the

presence of intrinsic defects or oxygen vacancies. This

fascinating property of UV light response makes the tested

samples of NiSnO3 easy to functionalize and work as a

photo-sensor for hazardous illumination.

4. Conclusions

NiSnO3 bimetal oxide thin films are prepared on glass

substrates by a low cost pulsed spray pyrolysis technique at

different substrate temperatures and spray times. Structural

properties are determined by XRD, which confirmed a

polycrystalline nature for the deposited films. Raman

spectroscopy confirms the formation of a pure NSO thin

film. Morphological studies of the film surface were

examined by FESEM showed a membrane like-structure

with a different diameter size of hexagonal pores. Optical

measurements represented a high transparency of 65% for

the films deposited at lower spray times, with an estimated

optical bandgap range between 3.59 and 3.72 eV. The UV

emission in NSO is characterized by two distinct PL peaks

at 369.65 and 381.46 nm, which correspond to band-to-
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band and exciton recombination, respectively, which occur

within the wide bandgap of NSO and are consistent with

the results of optical analysis. The UV-illumination photo-

response/recovery mechanisms analysis manifested that the

preparation conditions are playing an important role in the

change of the film resistance. The samples prepared at

substrate temperature of 500 �C and 60 min showed a

highly dynamic photo-response, which makes it a suit-

able candidate to use as a photo-sensor device for harmful

rays like UV light.
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