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Synthesis and characterization of nanocrystalline SnO, film by sol-gel

assisted screen-printing route

ABSTRACT

Generally, the sol-gel route engages spin-coating or dip-coating for the film deposition on a
substrate. This paper first time establishes the synthesis of SnO, film using an innovative and
economical sol-gel assisted screen-printing route. As deposited film was finally sintered at 450 °C
for 10 min. The polycrystalline nature and single-phase tetragonal structure of SnO, was
confirmed by XRD result. SEM result exposes the homogeneous pattern of different size particles
with porous nature. Diffuse reflectance spectrum (DRS) analysis shows the band gap of sintered
SnO, film to be 3.65 eV. The Hall measurement test conveys the n-type conductivity for the film

having a resistivity of 1.07 x 10 Q cm.
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1. INTRODUCTION

Materials in thin films form serve as the main
component of photovoltaic technology, functional
nano devices and advanced electronics
[1]. Transparent conductive oxide (TCO) films (ZnO,
Sn0O,, and TiO,) earned significant recognition due
to their applicability in optical and optoelectronic
devices [2]. These films exhibit less electrical
resistivity and greater optical transmission [3].
Among these TCO’s, tin oxide (SnO,) is an
important n-type semiconductor that has a wide
band gap (3.6 eV) and large electron mobility (200
cm? V' S [4]. In thin film form, SnO, was used in
diverse applications like solar cells, optoelectronic
devices, photo-catalytic devices, and gas sensors
[4]. Numerous deposition routeswere described to
obtain SnO, thin films, such as sol-gel spin-coating
[1], sol-gel dip- coating method [2], atomic layer
deposition [3],Co-precipitation method [4], Spray
pyrolysis method [5], pulsed laser deposition [6]

*Corresponding author: Vipin Kumar

E-mail: vipinkumar28@yahoo.co.in

Paper received: 27. 12. 2023.

Paper accepted: 23. 04. 2024.

Paper is available on the website: www.idk.org.rs/journal

ZASTITA MATERIJALA 65 (2024) broj 3

This paper demonstrated for the first time the
synthesis of SnO, film via an innovative sol-gel
assisted screen-printing route. This is an ecological
as well as low-cost route and appropriate for
coating huge area [7, 8].Uniform mixing of
composition at the atomic level can also be
achieved via this route [7].Therefore, this
investigation is carried out with keen enthusiasm to
study the synthesis and properties of sol-gel
assisted screen-printed synthesized SnO, film.

2. EXPERIMENTAL

Using a sol-gel assisted screen-printing route,
Sn0O; film was successfully synthesized on clean
glass substrate. The starting materials taken were
tin Chloride dehydrate (SnCl,. 2H,O: as source
material), absolute ethanol (as binder) and
monoethanolamine (as stabilizer). Tin chloride
dehydrate was dissolved in 20 ml of absolute
ethanol, then a few drops of monoethanolamine
were added to stirred solution for stabilization. The
obtained solution was vigorously stirred at 70 °C for
2 hours. Finally, the resulting gel of SnO, was left
under the room temperature for 48 hours. The
gelated sol (sol) was coated on glass substrate
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using a screen-printing setup whose pictorial
representation is depicted in fig.1. The coated
glass substrate was heated at 100 °C for 10 min to
burn the volatile solvents from the film. Further to

get rid of unwanted organic residues, the film was
fired (sintered) at an optimized temperature of 450
°C for 10 min.
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Figure 1. Pictorial representation of screen-printing setup

The thickness of screen-printed film of SnO,
was measured using mass difference method. The
thickness of SnO, film was observed to be 6 pum.
The structural study of the film was made using
XRD (Bruker D8-Advance) measurement. The
microstructure of the SnO, film was scrutinized via
a scanning electron microscope. The UV-Vis
diffuse reflectance spectrum (DRS) for the film was
obtained on a spectrophotometer (Hitachi U-3900).
Electrical transport study was carried out on Hall
measurement set up.

3. RESULTS AND DISCUSSION

3.1. Structural study by XRD

XRD profile of sintered SnO, film is publicized
in fig.2. The XRD profile shows intense peaks
suggesting the polycrystalline nature of the film.
The peaks indicate that the SnO, film crystallizes in

tetragonal  structure  (JCPDS-41-1445) and
matches well with the literature [9,10].
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Figure 2.XRD pattern for sol-gel aided screen-
printed SnO, film
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The film shows the peaks related to (110),
(101), (200), (211), (112), (202) and (321) planes
respectively. The film favours the growth along
(110) plane. The average particle size (D) for SnO,
film estimated by the classical Scherrer-Debye
formula was 60 nm.

3.2. Morphology study by SEM

SEM study was done for analysis of surface
morphology of the SnO, film. Fig. 3 shows the
scanning electron microscope (SEM) micrograph of
sintered SnO, film. It was inferred from SEM
micrograph that the particles of different size were
arranged in homogeneous pattern on the surface
with porous structure. Almost similar surface
morphology was reported earlier for SnO, film by
Miskovic et al. [11].

Figure 3.SEM image for sol-gel aided screen-
printed SnO, film
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3.3.0ptical study by UV-VIS Diffuse reflectance
spectroscopy

UV-Vis study is a productive tool to find out the
band gap of a material. To find out the band gap of
sol-gel assisted screen-printed synthesized SnO,
film on a glass substrate, the reflection spectra in
wavelength range of 200-700 nm was measured
and is presented in fig.4. This spectra depicts a
strong decrease after 340 nm, which is due to
optical transition taking place in band gap. To
precisely find the value of band gap, the Kubelka-
Munk (K-M) approach [Equation (1)][10,12] was
applied:

(a-r)?
= 1)
whereF(R): is Kubelka-Munk function and R: is
reflectance.
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Figure 4.Diffuse reflectance spectra for sol-gel
aided screen-printed SnO,film

[F(R)hv]? (arb. units)

2 3 4 5
Photon energy (eV)
Figure 5.Plot of [F(R)hv]® versus (hv) for sol-gel
aided screen-printed SnO, film

To find the band gap from this approach (K-M
approach), [F(R)hv]* on y-axis versus (hv) on x-axis
variation curve was plotted as given in Fig. 5. Band
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gap value of 3.65 eV was found from the
extrapolation of the straight (linear) part of this
curve on x-axis [13]. The band gap (3.65 eV) of the
synthesizedSnO, film is slightly larger than the
band gap of bulk SnO, (3.6 eV) may bedue to
effect of quantum confinement [14].The found band
gap energy is in excellent agreement with the
reported one found by other researcher group for
Sn02 film synthesized with different method [15].

3.4.Electrical study by Hall measurement

Hall measurement test for synthesized SnO,
film was done at room temperature and the test
shows that film has n-type conductivity. The n-type
conductivity of SnO, film was ascribed to the
emergence of shallow donor levels taking place
due to existence of oxygen vacancies and
interstitial tin in the SnO, lattice [1].The mobility,
resistivity and carrier concentration obtained from
Hall measurement data for the sSynthesized SnO,
film was 67 cm® Vs, 1.07 x 10°Q cm and 8.4 x
10 / cm?® respectively. A similar order of resistivity
for SnO, film was recently reported by Kiruthiga
et.al.[16].

4. CONCLUSIONS

SnO, film was successfully accomplished
through sol-gel assisted screen-printing proces-
sing. XRD study reveals the creation of poly-
crystalline, single phase and tetragonal structure of
Sn0O,. SEM study indicates the particles of different
sizes are homogeneously distributed on the
complete surface of the film. The band gap of SnO,
film was found to 3.65 eV. n-type conductivity and
a resistivity of 1.07 x 10°® O cm were revealed for
the film via the Hall measurement test. The
extracted results go a long distance to show that
goodquality SnO, films can be synthesized via a
simple, innovative, low-cost and environment
friendly sol-gel assisted screen-printing processing.

Acknowledgements

All the authors express their sincere thanks and
appreciation to the Honorable Director, KIET Group
of Institutions, Dr. (Col) Amik K. Garg for the
motivation to realize this research work.

5. REFERENCES

[1] S.S.Soumya, R.Vinod Kumar, N.V.Unnikrishnan
(2021)Conductivity type inversion and optical
properties of sol-gel spin coating technique,J. Sol-
Gel Sci. Technol., 99, 636-649.

[2] K.Selma, B.Salima, B.Seddik, R.Djamil, H.Lazhar
(2023) Investigation of UV photosensor properties
of Al-doped SnO thin films deposited by sol-gel dip-
coating method,J. Semicond.,44, 032801.

[3] E.C.Nwanna, P.E.Imaisili, T-C.Jen (2022) Synthesis
and characterization of SnO, thin films using metal
organic precursors,J. King Saud Univ. Sci., 34,
102123.

401



V. Kumar et al.

Synthesis and characterization of nanocrystalline SnO, film by sol-gel ...

(4]

(5]

(6]

[7]

(8]

(9]

(10]

S.Asaithambi, P.Sakthivel, M.Karuppaiah, R.
Murugan, R.Yuvakkumar, G.Ravi (2019)
Preparation of SnO, nanoparticles with addition of
Co ions for photocatalytic activity of brilliant green
dye degradation,J.Electron. Mater., 48, 2183-2194.
Md.F.Hossain, Md.A.H.Shah, Md.A.Islam, Md.S.
Hossain (2021) Transparent conducting SnO; thin
films synthesized by nebulized spray pyrolysis
technique: Impact of Sb doping on the different
physical properties,Mater. Sci.Semicond. Process.,
121, 105346.

C.Ke, W.Zhu, J.S.Pan, Z.Yang (2011) Annealing
temperature dependent oxygen vacancy behavior in
SnO; thin films,Curr. Appl. Phys., 11, S306-S309.
P.Chaudhary, A.Agrwal, D.K.Sharma, V.Kumar
(2022) Synthesis and screen-printing of sol-gel
developed pure & Yb-doped ZnO films towards
optoelectronic analysis,J. Sol-Gel Sci. Technol.,
104, 425-433.

V.Kumar, R.Kumari, D.K. Sharma, K.Sharma,
S.Shukla, A.Agrwal (2023) Structural, optical and
electrical characterization of sol-gel processed
screen-printed CdO: Li film,J. Appl. Spectrosc., 90,
151-154.

K.Ravikumar, S.Agilan, M.Raja, R.Marnadu, T.
Alshahrani, M.Shakir, M.Balaji, R.Ganesh (2020)
Investigation on microstructral and opto-electrical
properties of Zr-doped SnO2thin films for
Al/Zr:SnO2/p-Si schottky barrier diode application,
Phys. B: Condens.Matter, 599,412452.

G.E.Patil, D.D.Kajale, V.B.Gaikwad, G.H.Jain
(2012) Preparation and characterization of SnO,
IZVOD

(11]

[12]

(13]

(14]

[15]

[16]

nanoparticles by hydrothermal route,Int. Nano Lett.,
2,17-24.

G.Miskovic, 0O.S.Aleksic, M.V.Nikolic, J.Nicolics,
G.Radosavljevic, Z.Z Vasiljevic, M.D.Lukovic,
W.Smetana (2016) Nanostructured SnO; thick films
for gas sensor application: analysis of structural and
electronic properties,IOP Conf. Ser. Mater. Sci.
Eng.,108, 12003.

Zulfiquer, Y.Yuan, Q.Jiang, J.Yang, L.Feng, W.
Wang, Z.Ye, J.Lu (2016) Variation of luminescence
and band gap of Zn-doped SnO, nanoparticles with

thermal decomposition,J. Mater. Sci. Mater.
Electron., 27,9541-9549.
S.Sagadevan, J.Poddar (2015) Optical and

electrical properties of SnO; thin films synthesized
by chemical bath deposition method,Soft Nanosci.
Lett., 5, 55-67.

A.D.Bhagwat, S.S.Sawant, B.G.Ankamwar, C.M.
Mahajan (2015) Synthesis of nanostructured Tin
oxide (SnO;) powders and thin films by sol-gel
method,J. Nano. Electron. Phys., 7, 04037.
K.V.Murali, T.L.Ramadevi (2021) Rapid synthesis of
SnO; thin films using monoethanolamine through
wet chemical route,Ind. J. Sci. Technol., 14, 1565-
1573.

G.Kiruthiga, K.S.Rajni, N.Geethanjali, T.Raguram,
E.Nandkumar, N.Senthilkumar (2022) Investigation
of optical, structural and electrical properties of
transparent conductive oxide thin films prepared by
nebulized spray pyrolysis for photovoltaic
applications, Inorg. Chem. Commun., 145, 109968.

SINTEZA | KARAKTERIZACIJA NANOKRISTALNOG SnO; FILMA PUTEM
SITOSTAMPE UZ POMOC SOL-GELA

Generalno, sol-gel postupak uklju¢uje centrifugiranje ili potapanje za taloZenje filma na podlogu.
Ovaj rad po prvi put uspostavlja sintezu SnO, filma koriste¢i inovativnu i ekonomi¢nu rutu
sito§tampe uz pomoc sol-gela. Posto je taloZzen, film je konacno sinterovan na 450°C tokom
10min. Polikristalna priroda i jednofazna tetragonalna struktura SnO, potvrdena je XRD postup-
kom. SEM rezultat otkriva homogeni obrazac Cestica razli¢ite veli¢ine, porozne prirode. Analiza
spektra difuzne refleksije (DRS) pokazuje da je velicina u pojasu sinterovanog SnO, filma 3,65eV.
Holov test merenja prenosi provodijivost n-tipa za film koji ima otpornost od 1,07 k 10°Qcm.
Kljuéne reci: sol-gel, film, XRD, difuzna refleksija
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