ISSN1027-5495. Functional Materials, 31, No.4 (2024), p. 5616-519

doi:http://dx.doi.org/10.15407/fm31.04.516

Effect of annealing temperature on the
structural and optical properties of SnO,
thin films elaborated by sol-gel technique
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In this study, the influence of annealing temperature on the structural and optical prop-
erties of SnO, thin films was investigated. SnO, thin films were prepared by sol-gel deposi-
tion on glass substrates at room temperature and then annealed at different temperatures
(300,400 and 500°C) in air for two hours. The obtained films were characterized by Raman spectros-
copy and UV—Vis spectrophotometry techniques. A single-phase rutile structure was revealed by
Raman spectroscopy analysis. The optical measurements have shown that all the films have a
high transparency (75-85%) in the visible spectral range, and the optical band gap increases from
3.68 to 3.89 eV with increasing annealing temperature.
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Boius remneparypu Bignasty Ha CTPYKTYPHI TA OIITUYHI BJIaCTUBOCTI TOHKUX ILIIBOK
8Sn0,, orpumanux 30ab-reas merogom. M. Khechba, A. Hafdallah, A. Soualhia, F. Hanin

JlocmimxeHo BOIMB TeMIlepaTypy BIAMAIY HA CTPYKTYPHI T4 ONTUYHI BJIACTHUBOCTI TOHKUX
mwriBok SNO,. Tonki miriBku SNO, TOTYBaI METOIOM 30J1b-T'eJIb OCA/IsKEeHHA Ha CKIIAHI I TKIIa KA
IpY KIMHATHIN TEMIIepaTypl, a MOTIM BIITaII0BAJIN Ipu piduux TeMmireparypax (300,4001500°C) ua
TOBITP1 POTSATOM J1BOX roauH. OTpuMaHi ITIBKH OyJIH 0XapaKTepU30BaH1 METOTaMU paMaHIBChKO1
CIIEKTPOCKOITII Ta crerrpodoromerpii YO y umumomy mianasoni. OmuaodasHy CTPYKTYpY PYTHILY
OyJIO BUSIBJIEHO PAMAHIBCHKIM CIIEKTPOCKOINYHUM aHasn3oM. ONTUYHI BUMIPIOBAHHS IOKA3AJIH,
1110 BCl IUTIBKY MAIOTh BUCOKY IPo30opicTh (75-85%) y BUAMMOMY Iialla3oHil, a IMupuHa 3a00pOHEeHO01
30HU 301IbBIIyeThCa 3 3,68 1o 3,89 eB 31 30lIbIIeHHAM TeMIlepaTypy BIAIAaJIy.

© 2024 — STC “Institute for Single Crystals”

1. Introduction

Thin films of materials with high optical
transmittance and electrical conductivity have
a lot of applications in advanced technologies
[1]. Tin oxide (SnO,) is one of these materi-
als used in numerous applications in modern
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technologies, such as solar cells [2], conductive
transparent electrode [3], transistors [4], varis-
tors [5] and sensors [6]. It has a wide band gap
(in the range of 3.5 — 4.0 eV [7]), a high trans-
parency in the visible range (90%) and a high
reflectivity in the infrared energy range [8].
SnO, crystallizes in the rutile structure with
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the symmetry of the P4/nmm space group and
has lattice constants a=4.738A and ¢= 3.184A
[9-10].

The physicochemical properties of tin oxide
thin films depend on the method and conditions
of preparation [11-13]. A number of studies
have focused on the influence of certain param-
eters, such as heat treatment and the substrate
nature, on the physical properties of SnO, thin
films [7, 14]. Various techniques are used to
prepare SnO, thin films, namely, spray pyroly-
sis [15], sol-gel process [16], chemical vapour
deposition [17], sputtering [18] and pulsed la-
ser deposition [19].

In this work, Sol-Gel Dip Coating (SGDC)
was employed to deposit SnO, thin films at
room temperature on glass substrates. The
structural and optical properties of the obtained
films were studied and the effect of annealing
temperature was investigated.

2. Experimental

Tin dioxide sols were prepared by dissolv-
ing of 2g of tin chloride dehydrate precursor
SnCl, 2H,0 in 20 mL of absolute ethanol in
the presence of acetic acid (5 ml). The solution
was stirred at 60°C for 2 h in a closed container
until homogeneous, i.e. until the solids were
dissolved. The thin films were deposited by
the dip-coating technique on glass substrates
previously cleaned with ultrasound in acetone.
The cleaned glass substrates were vertically
and carefully immersed into the sol for a short
time and withdrawn from the bath at a pulling
speed ranging from 1 mm/s to 10 mm/s. Then
the films were dried and sintered at different
temperatures [300, 400 and 500°C] for 2 hours.
However, the sintering was carried out only
after the final dipping.

Raman spectra were recorded at room tem-
perature using a Renishaw In Via Raman mi-
cro-spectrometer equipped with a neon laser
Ay = 632 nm) as an excitation source and a
motorized x-y stage and autofocus. Optical
transmittance was measured using a Shimad-
zu 3011 PC UV-Vis spectrophotometer at room
temperature in the spectral range 300-800 nm.

3. Results and discussion

3.1. Structural properties

SnO, is known to have six atoms per unit
cell (space group D4h14) giving 18 vibrations
modes. Among these modes, two are IR active

(Agy» E) and four are Raman active (Eg, Alg,
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Fig 1. Raman spectra of tin oxide thin films an-
nealed at different temperatures.
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Fig 2. Evolution in intensity of the peak observed
at 638.04 cm~! depending on different tempera-
tures

B,,, By,) [20]. The microstructure, shape, size
an% defgects can affect the intensity and shape
of IR and Raman peaks.

Fig. 1 shows the Raman spectra of as-de-
posited and annealed SnO, films. The spec-
trum shows three peaks at about 398.68 cm™1,
516.22 cm™! and 638.04 cm™! which can be
attributed to SnO, optical phonons [21]. It is
clear from Fig. 1 that, in all cases, the most
intense peak is observed at 638.04 cm~1.This
peak corresponds to the principal mode Alg of
the rutile phase of SnO, which is a characteris-
tic of the expansion and contraction vibrations
of the Sn-O bonds. This result is in good agree-
ment with the literature data [10, 11, 15]. The
peak localized at 398.68 cm™! is attributed to
the Ao, vibration mode and corresponds to the
vibration of the Sn and O atoms in the plane
perpendicular to the ¢ axis [22]. In addition to
these peaks, we notice the appearance of an-
other peak at 516.22 cm™1.
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Fig 3. Optical transmittance of SnO, thin films
annealed at different temperatures as a function
of wavelength

The analysis of the all Raman scattering
spectra of SnO, before and after thermal treat-
ment at different temperatures shows that all
the spectra do not have significant peak shifts
and their profiles are identical. However, we
can note the influence of the annealing temper-
ature on the intensity of the observed peaks.

If we compare the Raman spectra of SnO,
before and after heat treatment at different
temperatures, we can say that all the spectra do
not show any significant shift of the peaks (as
an example, the peak located at 638.04 cm™!,
Fig 2). In addition, we can also note the influ-
ence of the annealing temperature on the in-
tensity of the observed peaks. This is due to a
slight change in grain size.

3.2. Optical properties

The optical transmittance spectra of as-de-
posited and annealed SnO, thin films recorded
in the range 300—-800 nm are plotted in Fig 3.

From the Fig.3 it is easy to observe that the
behavior of transmittance for all the films is al-
most similar in the wavelength range of 350—
800 nm and the values of the optical transmit-
tance decrease with increasing annealing tem-
perature from 300 to 400°C and then increase
for the annealing temperature of 500°C. This
might be attributed to a slight increase in grain
size and the homogeneity of the structure. The
average percentage of transmittance of all sam-
ples varies between 75% and 85% in the visible
region. This high transparency is one of the es-
sential characteristics which justify the practi-
cal interest in SnO, thin films [23]. The observed
transmission values are compared with earlier
reported data [24]. A slight shift of the absorp-
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Fig 5. Variation of the optical band gap as a
function of annealing temperature.

tion edge towards higher wavelengths was found
with increasing annealing temperature.

Higher energy electron transitions from the
valence band to the conduction band confirm
the direct semiconductor nature of the SnO,
material [25]. The EOpt band gap of the deposit-
ed films is deduced by using the following Tauc
formula [26]:

(ahv) = Athv-Eg)™ (1)

where v 1s the frequency; A is a constant; m
takes the values 1/2, 2, 3/2 and 3 depending
on the interband transition mode, i.e. direct,
allowed indirect, direct forbidden and indirect
forbidden transition, respectively.

The optical band gap (Eopt) of the films is
evaluated by extrapolating the straight line
portion of the curve (ahu)? versus hu to a=0
(Fig. 4). The band gap energy is plotted in
Fig. 5 as a function of annealing temperature.
The calculated band gap values are shown in
the Table.
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Table. Optical band gap values of as-depos-
ited and annealed SnO, thin films.

tem‘?:)l;]lfl:tillfgg@ Q) Optical band gap (eV)
As-deposited 3.68
300 3.67
400 3.69
500 3.89

The curve (Fig. 5) shows clearly that the
optical energy gap increases with increasing
annealing temperature. The obtained Eopt val-

ues are almost in agreement with results of S.
K.Haza’a [27].

4. Conclusion

High quality tin oxide thin films have been
fabricated by Sol Gel Dip Coating method on
glass substrates. The Raman spectroscopy
analysis showed that all SnO, thin films crys-
tallized in the rutile structure with improved
crystallinity with increasing annealing tem-
perature. The optical UV-Vis transmittance
measurements showed that the transparency
of the obtained SnO, thin films increased with
increasing annealing temperature. The optical
absorption edges of all films were in the range
of 300 to 400 nm and the calculated band gap
values varied from 3.68 to 3.89 eV.
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