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In the present work, SnOz thin films were successfully elaborated on a glass substrate by spray pneumat-
ic method with 0.1 M using tin chloride dehydrate at 450 °C by organic solar cells. The effect of deposition rate
(5, 10 and 15 ml) on structural, optical and electrical characterizations of SnO2 was investigated. After char-
acterized, we have observed that the elaborated SnO; thin films have a polycrystalline structure with maxi-
mum crystallite size is 35.3 nm for 10 ml. The transmittance of SnOs thin films were decreased and increased
with increasing SnO: rate in the visible region, it about 60 %, the optical bandgap energy increased with in-
creasing of SnOz rate from 3.2 eV for 5 ml to 3.6 eV for 15 ml. The electrical conductivity was increased from
0.01 (Q-cm) ! for 05 ml of SnO3 to 0.06 (Q-cm) for 15 ml of SnO2. The prepared SnO; thin film was suitable for

gas sensing applications due to the existing phase and higher electrical conductivity.

Keywords: SnOg, Thin films, Spray pneumatic method, Organic solar cells, Electrical conductivity.

DOTI: 10.21272/jnep.16(1).01023

1. INTRODUCTION

In the latest research, for the important subjects,
in the field of materials science, the synthesis of thin
films from a metal oxide (semiconductor) that was
used as a gas sensor. SnOz is one of the most n-type
semiconductor materials due to the good electrical
conductivity and its good chemical stability, SnOz can
be deposited onto glass, oxides, ceramics, and sub-
strate materials of other types [1, 2]. Gas sensors
based on SnOz2 thin films are used to detect a variety
of hazardous gases, combustible gases, industrial
emissions, and pollution gases [3, 4]. In addition,
SnO2 thin films are also used for film resistors, elec-
tric conversion films, heat reflective mirrors, semi-
conductor—insulator—semiconductor (SIS) heterojunc-
tion structures, and surface protection layers of glass.
At present, its most common application is as the an-
ode material of solar cells [1-5].

The aim of this work is to obtain a thin film with
good physical properties for gas sensing applications.
In the past research, the literature was investigated
the SnOz2 thin film as detection in the environment for
various gases such as CO, CO2, SO2, NO2, CHs. How-
ever, we have prepared the SnO: thin films for fur-
thers application in gas sensing due to the corporation
of the Sn and O increasing the electrical conductivity.
The spray pneumatic method has been used in this
work to fabricate the thin films of SnO2 by new meth-
ods (organic solar heater) for deposition of SnOz thin
films (see Fig.1). This method was developed for
readers and researchers for the electricity economy
and the presence of oxygen in the open has a role in
the formation of thin layers of SnO:2 easily.
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Fig. 1 — A photograph of the experimental setup.

2. EXPERIMENTAL DETAILS

The prepared solutions SnO2 have been dissolved of
0.1 M of the Tin(II) chloride dihydrate SnCls.2H20 in
the absolute H2O, HCI was used as a stabilization solu-
tion of SnOz. The solution was stirred a heated at 40 °C
to have a solution with high transparent. The organic
solar cells were fabricated through this process. We fab-
ricated the organic solar cells, which consisted of a mir-
ror layer inside (ITO glass) and a substrate holder. We
established the substrate layer to maintain the sub-
strate temperature using the mirror layer (see Fig. 1).

The SnOz thin films have been characterized in order
to get the physical properties such as the optical, struc-
tural and electrical. The crystalline structure of fabricated
films was obtained by X-ray diffraction (Bruker-XRD
AXS-8D, ACuKa=0.15406 nm with 26 varying between
20° and 80°). The optical transmittance of fabricated SnOs
films was measured by an UV-visible (35-LAMBDA) in
the range of 300-900 nm. And the electrical conductivity
was measured by injection current-voltage by four-point
method into the deposited film surface. All characteriza-
tions have been made at stable conditions.
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3. RESULTS AND DISCUSSION

The crystalline structure of SnOz thin films is detected
in Fig. 2, it is presented the X-ray diffraction variation in
the range of 20=20° to 80°. The XRD of SnO2 thin film
presents same diffraction peaks at different diffraction
angle are (110), (101), (200), (211), (310) and (112) crystal
peaks of SnOz at 26= 26°, 33°, 38°, 54°, 62° and 66°. After
characterized, we have observed that the elaborated SnOs2
thin films have a polycrystalline structure.

20 25 30 35 40 45 50 55 60 65 70 75 80 85
188
[——SnO; 15mI[” rTToTTTrTT

141

94

a7

520

Intensity (a.u)

paraiih, e

o P
20 25 30 35 40 45 50 55 B0 65 70 75 80 85

26 (deg.)

Fig. 2 — X-ray diffraction spectra of SnO; thin films at differ-
ent deposition rates

The crystallite size of all deposited SnO2 thin films
was calculated by the Debye-Scherrer formula [6]:

G- 0.94 1)
Pcosl

where G is the crystallite size, 1 is the wavelength of X-
ray (A =1.5406 A), fis the FWHM and @1is the half dif-
fraction angle. Reported in the Fig. 3 as a function of
deposition rate the variation of the average crystallite
size of SnO2 thin films, as seen, the crystallite size in-
creased and decreased with increasing of SnO:z rate
from 32.5 nm for 5 ml to 35.3 nm for 10 ml and 29.6 nm
for 15 ml, the decrease of crystallite size can be ex-
plained by the increase of electrical conductivity.
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Fig. 3 — The variation of crystallite size as a function of depo-
sition rate in SnOq thin films

In Fig. 4, the variation of optical transmittance of
elaborated SnOg2 thin films have been presented as a
function of the longer of the wavelength in the range of
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300-900 nm. As seen from these spectra’s the transmit-
tance of SnOgz thin films were decreased and increased
with increasing SnQO: rate in the visible region, the
maximum transmittance of SnOz thin film was obtained
for 15 ml.
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Fig. 4 — Transmission spectra of SnO: thin films as a function
of deposition rate

The optical bandgap energy of fabricated thin films
of SnO2 have been derived from the direct transitions of
interband in the valence band and conduction band, it
was determined by following equation [7]:

(Ahv)?® = Btho—E,) ©)

Where A, hv, B and E; are the absorbance, the energy of
photon, a constant and the bandgap energy of SnO2 thin
films, respectively. Fig. 5 shows the variation of the
optical bandgap energy of fabricated SnO2 thin films at
several SnOz rates. As seen, the optical bandgap energy
increased with increasing of SnO2 rate from 3.2 eV for
5 ml to 3.6 eV for 15 ml, this increase can be explained
by the corporation between Sn and O, which was
showed for the oxygen vacancy.
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Fig. 5 — The variation of optical band gap E; of SnO: thin
films with deposition rate

The electrical characterization as the conductivity of
fabricated SnOz thin films is placed in Fig. 6, as seen,
the electrical conductivity was increased from
0.01 (Q-cm) ! for 05 ml of SnOz to 0.06 (Q-cm) for 15 ml
of SnOg, , it is comparable with the variation of the crys-
tallite size (see Fig. 3) and optical bandgap energy (see
Fig. 5). The decrease of electrical conductivity of SnOq
thin films caused by the oxygen vacancy and the in-
crease can be linked by the oxygen diffusion.
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Fig. 6 — Electrical conductivity of SnO: thin films at different
deposition rate
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4. CONCLUSION

In this work, SnO: thin films were successfully
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organic solar cells were fabricated through this process.
The effect of deposition rate on structural, optical and
electrical characterizations of SnO2 was investigated.
After characterized, we have observed that the elabo-
rated SnOz thin films have a polycrystalline structure
with maximum crystallite size is 35.3 nm for 10 ml.
The transmittance of SnOgz thin films were decreased
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creased with increasing of SnO:z rate from 3.2 eV for
5 ml to 3.6 eV for 15 ml. The electrical conductivity was
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film was suitable for gas sensing applications due to
the existing phase and higher electrical conductivity.

R. Joseph, R. Babu, Appl. Surf. Sci. 487, 1385 (2019).

5. J.H. Bang, N. Lee, A. Mirzaei, M.S. Choi, H.G. Na, C. Jin,
W. Oum, S.Shin, C.H.Su, H.Park, Y.Choi, H. Jeon,
K.H. Woo, Ceram. Int. 45, 7723 (2019).

6. S. Benramache, B. Benhaoua, Superlattice. Microst. 52,
807 (2012).

7. Y. Aoun, M. Marrakchi, S. Benramache, et al., Mater. Res.
21 No 2, e20170681 (2018).

Cunred Toukux mwriBok SnO: 1y BUMipIOBaHHSA ra3dy OPraHivyHUMY COHIYHUMHU €JIeMeHTaMU

Y. Aoun!, S. Benramache?, B. Maaoui!, A. Sbaihi!

1 Mechanics Department, University of El-Oued, 39000, El-Oued, Algeria
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V¥ poGori Torki wriBku SnOs Oy CMHTE30BAHI HA CKJIAHIN MIKJIAAIN THEBMATHYHAM METOIOM POSIIH-
neuns 3 0,1 M 3 BukopucTaHHAM JAerigpary xjopumy osioBa mpu 450 °C opraHiyHuMA COHAYHUMU €JIeMEHTa-
mu. JlocmimkeHo BILIUB MBUAKOCTI ocamkeHHs (5, 10 1 15 MuI) HA CTPYKTYPHI, OIITHYHI Ta €JIEKTPUYHI BJIACTH-
Bocti SnO2. Byso BusiBiteHo, 1110 po3pobiieHi ToHKI nBkH SnOz MAOTh HMOTIKPUCTATIYHY CTPYKTYPY 3 MAKCH-
MaJIBHUM po3MipoM KprctamTiB 35,3 M Ha 10 mut. KoedirtienT mpomyckauts ToHkmx mnBok SnOz amenryBa-
BCs 1 30LTBITyBaBCs 31 30LIbImenHsaM mBraKrocTi SnOz y Buaumii 00s1acTi 1 cTaHOBUB 0/m3bko 60%, omTuyHa
eHepris 3a60poHeHol 30HM 30LTBITYBasIacs 31 36iabimeHHsaM mBuarocTi SnO: Bix 3,2 eB must 5 mut o 3,6 eB mutst
15 mut. Enexrponposigaicts Oysra 36iibmrera 3 0,01 (Q-cm) -1 mura 05 mur SnOg o 0,06 (Q-em) murst 15 mur SnOs.
ITligrorossiena Tonka miiBka SnOz Moske OyTH BUKOPHCTAHA JIJISI TATIHMKIB Iaay.

Kmiouori ciora: SnOg, Touxi mwriskwu, [THeBMaTuaumit MeTos poanuirerus, Oprauivydi COHAYHI eJIeMEeHTH,

EsexrponpoBigHicTs.
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