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This study investigates the effect of annealing on the physical properties of the chemically synthesized
nanocrystalline SnOz thin films deposited onto glass substrate at room temperature. SnOs thin films were
annealed for 2 h in an oxygen environment at different annealing temperature. From X-ray diffraction study
it was observed that as-deposited SnOz film and films annealed at 300 °C and 400 °C exhibited amorphous
nature, while SnO: films annealed at 500 °C exhibits orthorhombic crystal structure. SEM results demon-
strates that morphology of SnOz: thin films are determined by the annealing temperature. The optical band
gap of the prepared nanocrystalline SnOz thin films found in the range of 3.28 eV to 2.79 eV depending upon
the annealing temperature. Finally, as a result of the analysis, we can say that the physical properties of
SnO; thin films can be modified by thermal annealing.
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1. INTRODUCTION

Tin oxide (SnOz2) is one of the most important mem-
ber of the transparent conductive oxide (T'CO) semicon-
ductor family, whose basic features includes n-type con-
ductivity, wide band gap (3.6 eV) at room temperature,
excellent optical transparency and high electrical con-
ductivity, chemical stability and good reproducibility
[1-3]. With the large exciton binding energy, SnOz is con-
siderably attractive for different applications such as Li-
ion batteries, Perovskite solar cell, solid state gas sen-
sors, optoelectronic devices, transparent conducting
electrodes, transistors etc. [4-6]. For these applications,
conductive layers of SnO2 possessing suitable optical
and electrical properties could be fabricated on amor-
phous or metal substrates. Thus, investigation of the
physical properties of SnOz thin films attain great im-
portance. Over the past few decades, many methods
have been developed for the fabrication of thin films of
SnO:z namely, pulsed laser deposition [7], reactive ther-
mal evaporation [8], RF-magnetron sputtering [9],
atomic layer deposition [10], electron beam evaporation
[6] spray pyrolysis technique [11], dip coating method
[12], spin coating [3], SILAR [13], sol-gel technique [14]
and chemical bath deposition (CBD) [17] etc.

Recently among these methods, CBD method has ap-
peared as a promising technique for fabrication of SnOg2
thin films. CBD method has many advantages over other
deposition methods which includes simple experimental
set-up, low temperature process, cost effective, suitable

* Correspondence e-mail: srgosavi.taloda@gmail.com

2077-6772/2024/16(1)01029(5)

01029-1

PACS numbers:68.60. — p, 81.16.Be, 61.05.C,
68.37.Hk, 71.35.Cc

for small to large area deposition and no need of conduct-
ing substrate etc. [16, 17]. The physico-chemical proper-
ties of thin films prepared by CBD can be controlled by
varying the deposition parameters such as pH of the pre-
cursor solutions, complexing agent, bath temperature,
deposition time, solution concentration, and nature of
substrate etc. [18]. Considering these advantages, in this
paper, we have reporting the fabrication of nanocrystal-
line SnOz2 thin films using CBD method at room temper-
ature. The effect of annealing temperature on the struc-
tural, surface morphology, optoelectronic properties
were investigated in detail.

2. EXPERIMETAL DETAILS

2.1 Deposition of SnO: Thin Films at Room
Temperature

Analytical-grade tin chloride dihydrate (SnCl2.2H20)
(Supplied by Merck Life Science Private Limited,
Vikhroli (East) Mumbai), urea (CO(NHz2)2), sodium hy-
droxide (NaOH) (Supplied by Merck Specialties Pvt. Ltd.
Worli, Mumbai) were used as precursors in the experi-
ments. Glass Substrate was used for deposition of nano-
crystalline SnOgz film. Double distilled water (DDW)
(Supplied by Merck Life Science Private Limited,
Vikhroli (East) Mumbai) was used as a solvent and glass
micro-slides was used as a substrate. Before deposition
glass micro-slides were cleaned with labolene and chromic
acid followed by rinsing with DDW and finally, treated
with ultrasonic waves in ultrasonicator for 30 min.
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Synthesis of SnOg thin films is based on immersion
of the well cleaned substrates in an alkaline bath of a
complexed tin salt at room temperature (27 °C). 1 M
CO(NHz2)2 solution was added slowly to a solution of
0.5 M SnCl2.2H20 under vigorous stirring at room tem-
perature for 30 min. The bath was prepared by adding
1 M NaOH to the bath containing mixture of SnClz2.2H20
and CO(NHz2)2 with constant stirring for 30 min, which
resulted in the formation of white precipitate of
Sn(OH)z. This precipitate was dissolved by further addi-
tion of NaOH with the formation of clear solution having
a resultant pH ~ 12. The solution was stirred for another
30 min and then transferred into another beaker of
100 ml containing cleaned glass micro-slide, clamped
vertically into it. The bath was kept at room tempera-
ture (27 °C) for 48 hrs for the deposition of SnO2 thin
film. After the deposition, the substrate coated with
SnOg2 thin films was taken out, washed with DDW and
dried in air. The as-deposited SnOz films were annealed
at various temperatures for 2 h and used for further
characterizations.

2.2 Characterization of SnO2 Thin Films

X-ray diffraction (XRD) measurements were per-
formed on a Bruker AXS, Germany (D8 Advanced) dif-
fractometer in the scanning range 20°-80° (26) using
CuKa radiations with wavelength 1.5405 A. The surface
morphology and composition was studied by scanning
electron microscopy (SEM) and energy dispersive analy-
sis by X-rays (EDAX) using JEOL-JSM 6360, respec-
tively. The optical properties of as-deposited and an-
nealed SnOz2 films were investigated by estimating the op-
tical absorbance as a function of wavelength ranging from
300-800 nm was measured using a JASCO UV-Vis spec-
trometer (V-630). The resistivity of the SnOz thin films
was determined by the standard two-probe method.

3. RESULTS AND DISCUSSION
3.1 Structural Analysis

The effect of annealing temperature on the structural
quality of chemically synthesized SnOz thin films was stud-
ied and demonstrated in Fig. 1; Fig. 1(a-d) represents the
XRD patterns of as-deposited and post annealed SnOz thin
films for 2 h in air at different annealing temperatures. It
shows that as-deposited and annealed SnOz thin films (un-
til the annealing temperature reaches to 400 °C) are amor-
phous in nature. This might be attributed due to the sub-
strate was not heated during deposition and the thermal
energy was not sufficient for the chemical species to pro-
mote the crystallization of tin oxide [19]. However, SnO2
thin films annealed at 500 °C have crystalline in nature
having orientations of (112), (006) and (206) planes corre-
sponding to 26 = 26.93°, 33.84° and 51.84°, respectively.
These peaks are attributed to orthorhombic structure
which coincides with JCPDS No. 78-1063 of SnOs struc-
ture. There is no peak was observed for impurities or any
other phases of tin oxide in the XRD pattern.

3.2 Surface Morphology Analysis

The surface morphology and elemental composition
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of SnOq thin film samples were investigated with scan-
ning electron microscopy (SEM) using JEOL-JSM 6360
attached with energy dispersive analysis by X-rays

As-prepared

Intensity (a.u.)

v T v T v T v T v T v
20 30 40 50 60 70 80
20 (Degree)

Annealed at 300°C

Intensity (a.u.)

20 30 40 50 60 70 80
20 (Degree)

Annealed at 400°C

Intensity (a.u.)

20 (Degree)

< Annealed at 500°C

Intensity (a.u.)

20 30 40 50 60 70 80
20 (Degree)

Fig. 1 — X-ray diffraction patterns of chemically synthesized
nanocrystalline SnOz thin films (as-prepared and annealed at
different temperatures)
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Fig. 2 — SEM images of chemically synthesized nanocrystalline
SnO: thin films (as-prepared and annealed at different temper-
atures)
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(EDAX). Fig. 2 clearly indicates that the microstructure
and morphology of chemically deposited SnOz thin films
are significantly affected by annealing temperature. For
as-deposited SnOzq films, surface looks smooth and uni-
form with a granular surface microstructure. The grains
are almost spherical in shape and its shape is greatly
changed to needle-like microstructure with the increase
in annealing temperature. However, for SnOz2 sample
annealed at 500 °C, some large crystallites of irregular
size along with needle-like particles were nucleated
without any cracks.

SnO: thin films was subjected to EDAX measure-
ment in order to identify and differentiate the chemical
composition of the material deposited on the substrate
surface. EDAX spectra of chemically synthesized as-pre-
pared SnOs thin films is depicted in Fig. 3. It is clearly
revealing that the prepared films contain two elemental
components of Sn at 3.7 keV and 4.4 keV and O at 0.5 keV.
The presence of these elements indicates the formation of
SnOz2. The average atomic percentage of Sn:O was 1:99,
which shows the deposited film is rich in oxygen.

Spectrum 1

0 2
Full Scale 4518 cts Cursor: 0.000

Fig. 3 — EDAX spectra of chemically synthesized as-prepared
SnO; thin films

3.3 Optical Analysis

In order to study the optical behavior of the deposited
nanocrystalline SnOz films, optical absorbance measure-
ment was made in the wavelength range of 300-800 nm
using UV-Vis spectroscopy. As can be seen in the Fig. 4,
the measured absorbance of SnOz films increases with
increasing annealing temperature, which correlates with
the results obtained in XRD and SEM studies.

SnOz is considered as a material owing to direct band
gap energy [3], hence the optical band gap energy of the
films was determined using the following equation [20],

ahv = A(hv — E,) 2 @
g s

where « is the absorption coefficient, A is a constant, hv
is the incident photon energy, Eis optical bandgap of the
material.

Fig. 5 shows the typical plot of (ahv)? versus (hv) for
as-deposited and annealed SnQOz thin films deposited us-
ing chemical method. The extrapolation of the straight
line of (ahv)? to the (hv) axis gives the band gap of the
material. Calculated value of optical band gap was found
to be about 3.28 eV for as-deposited SnO2 films and
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3.22 eV and 2.79 eV for SnOs films annealed at 300 °C
and 500 °C. The reported value of the band gap is in good
agreement with the value reported previously [3]. This
decrease in bandgap causes a strong red shift in the op-
tical spectra, which might be due to the crystallization
after annealing the thin films.
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Fig. 4 — Absorbance spectra of chemically synthesized

nanocrystalline SnOz thin films (as-prepared and an-

nealed at different temperatures)

1.2

g

1.0 4

0.8 -

0.6 -

E

0.4 -

0.2

0.0 +———————
22 24 26 28

(hv)?x10" (eVicm)?

Eg=3.28 eV

s

SedI ¢

—
30 32
hv (eV)

Fig. 5 — Typical plot of (ahv)? versus hv for chemically synthe-
sized nanocrystalline SnO: thin films (as-prepared and an-
nealed at different temperatures)

3.4 Electrical Analysis

Fig. 6 shows the variation of log p versus the inverse
of absolute temperature (1000/7) for the nanocrystalline
SnO2 thin films. Standard two-point probe method of
dark resistivity measurement shows the semiconducting
nature of the deposited films as resistivity of the films
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decreases with increase in temperature.

Electrical resistivity measured by using conventional
dc two probe method was found to be of the order of
1.88 x 102 Q-cm for the as-deposited SnOz thin films and
is well agreed with the value earlier reported [10]. Elec-
trical resistivity was found to be decreased to 1.19x102
Q-cm and 0.36x102 Q-cm for SnOg thin films annealed at
300 °C and 500 °C, respectively.
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Fig. 6 — Variation of dark electrical (log p) with temper-
ature for nanocrystalline SnOz2 thin films deposited by
chemical method

4. CONCLUSION

Effect of annealing temperature on the physical
properties of chemically synthesized nanocrystalline
SnO: thin films deposited at room temperature were
studied. Increasing the annealing temperature caused
the transformation of amorphous phase to orthorhombic
phase has been observed from XRD study. Significant
change in the morphology was found after annealing the
SnO2 thin films. The red shift in the absorption edge
may be attributable to a decrease in optical band gap
energy after annealing the film, which may have corre-
lated with the XRD analysis. The electrical resistivity
decreased from 1.88 X 102 Q-cm to 0.36 X 102 Q-cm after
annealing. Consequently, it can be indicated that the an-
nealing temperature play an important role on the char-
acteristics properties of SnOz thin films and chemically
deposited SnOz2 thin films are useful for optoelectronic
applications.
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Bruiue repmoBignaoBanHa Ha pisuYHI BJIACTUBOCTI XiMiYHO CHMHTE30BaHUX
HAHOKPHUCTAJIYHHUX TOHKHX MIiBOK SnO:2

S.S. Tayadel, L.N. Bhoye!?, K.R. Sali2, G.E. Patil!, M.S. Shinde3, S.R. Gosavi2
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V 11ii1 poGOTI IOCITIIKY€ETHCA BILIMB BiANALy Ha I3WYHI BJIACTHBOCTI XIMIYHO CHHTE30BAHNX HAHOKPHCTA-
JIYHUX TOHKHUX IWNBOK SnO2, HAHECEHUX HA CKJISHY HIAKJIAIKY IIpY KiMHATHIN Temmeparypi. ToHKI mriBkn
SnO: BifnaIIOBAIN IPOTATOM 2 IO B CEPEIOBHUINI KHUCHIO IIPY PI3HUX TEMIIepaTypax BiAmasy. 3a J0IoMOron
METOIy PEHTTeHIBCHKOr0 MIKpOaHaJsIidy 0yJI0 BUABJIEHO, 0 ocaskeHa ILriBka SnOs 1 IiBKY, BigHaaeHi mIpu
300 °C 1400 °C, meMOHCTPYIOTH aMOpQHY TpUpPoy, Tol sk riBkx SnOz, Bianaseni npu 500 °C, nemoHCTPY-
I0Th OPTOPOMOIUHY KpHCTAIIUHY CTPYKTYpy. Pesymbraru CEM mokasdyiorTsb, 1m0 MOp@OJIOriss TOHKUX ILIIBOK
SnO: BusHavaeThCst TeMIieparypowo Binmasy. Onruuna mupuHa 3a00POHEHOI 30HU OTPUMAHUX HAHOKPUCTA-
JiyHuxX TOHKUX IIiBok SnQO: sHaxommiaca B miamasoui Bix 3,28 eB mo 2,79 eB sanexuo Bixg Temmeparypu
Bigmasry. Y pe3yJsbTaTi aHasIidy MOKHA CKa3aTH, 10 (Pi3WYHI BJIACTHBOCTI TOHKUX IIIBOK SnO2 MOKHA MOTH-

ikyBaTH TEPMIYHUM BiIITAIOM.

Kmouori ciosa: Tonka miBka, Ximiuuwmii cuaTed, XRD, SEM, EDAX, CieKTpu OIrTMYHOIO MOTJIMHAHHS.
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