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Abstract

SnO: (tin dioxide) thin film was deposited on commercial glass substrate by spray
pyrolysis technique at 420°C. The XRD analyses indicated that the SnOz thin film is found
to tetragonal rutile structure. Optical transmission values (7 %) of the film are the range
of 80-96 % in the visible region and its highly transparent. The absorption coefficients
(o) were defined from transmission spectrum. Refractive indices () and film thickness
(f) were determined from interferences of the optical transmission curve with envelope
method. The refractive indices (n) were altered between 1.83-1.97 in the ultraviolet-
visible-near-infrared (UV-VIS-NIR) regions. The thickness (f) and optical energy gap
(E¢) of the SnO:z2 thin film were found to be 1.22 um and 3.98 eV, respectively.

Keywords: SnOz thin film, Spray pyrolysis technique, Envelope method, Optical

constants.

Polikristal SnO; Ince Filmin Kahnlik ve Optik Sabitlerinin
Zarf Yontemi ile Belirlenmesi

Ozet

SnO2 (kalay dioksit) ince film ticari cam alttaban iizerinde 420°C’de piiskiirtme
teknigi ile depolanmigtir. XRD analizleri SnO2 ince filmin tetragonal rutil yapiya sahip
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oldugunu gostermistir. Filmin optik gecirgenlik degerleri (% T) goriiniir bolgede % 80-
96 araligindadir ve son derece seffaftir. Sogurma katsayilar1 (a) gecirgenlik
spektrumundan hesaplanmistir. Kirilma indisleri () ve film kalinlig1 (¢) zarf yontemi
kullanilarak optik gegirgenlik egrisinin girisimlerinden belirlenmistir. Ultraviyole-
gorilinlir-yakin kizilotesi (UV-VIS-NIR) bolgelerinde kirilma indisleri (n) 1.83-1.97
araliginda degismistir. SnO2 ince filmin kalinlig1 (¢) ve optik enerji araligi, sirastyla 1.22

um ve 3.98 eV olarak bulunmustur.
Anahtar Kelimeler: SnO2ince film, Piiskiirtme teknigi, Zarf yontemi, Optik sabitler.

1. Introduction

The dynamic improvement in wide band-gap metal oxide thin films and their
common usage in the areas of technology have induced the increased interest to study
them. Metal oxide thin films are the most common produced materials and these materials
which are in a widespread manner used in optoelectronic devices such as photo-catalysts,
gas sensors, photoelectron chemical devices, flat-panel displays and photovoltaic (PV)
solar cells. Undoped and doped metal oxide thin films have a high optical transparency
in the visible spectrum and conductivity near to that of metals. Among the available metal
oxide thin films, pure and doped tin dioxide (SnO3) thin films on glass substrates are
making used of commonly as window layers because of their transparency in the visible
region of the spectrum in solar cells. Owing to their technological importance several
researchers have investigated the improvement and characteristics of SnO: films [1-4].
There is a comprehensive literature on tin dioxide films prepared on glass substrates by
different techniques, e.g. aerosol assisted chemical vapor deposition (AA-CVD) method
[5], sol-gel method [6], radio frequency magnetron sputtering (RFMS) [7], spin coating
[8], electrodeposition technique [9] and spray pyrolysis technique [10]. Among them
spray pyrolysis technique is one of the most commonly used technique obtainable of large

area films owing to its low price and convenient for technological applications.

In this paper, we submit a study of the structural and optical properties of SnO2 thin
film obtained by the spray pyrolysis technique on glass lower base. The aim of the study
is the preparation of tin dioxide thin film as well as investigation of the usability of this

film in solar cell. The structural properties of this film were identified by X-ray diffraction

142



(XRD). Also, optical properties of the film were inspected in the ultraviolet-visible-near

infrared (UV-VIS-NIR) regions by means of spectrophotometer.
2. Experimental Procedure

SnO: thin film was prepared glass lower base by spray pyrolysis technique. The
glass lower base with dimensions of 76 mm x 26 mm x 1 mm was used for the deposition.
Before deposition the glass lower base was cleaned with detergent, soaked in diluted
chromic acid (H2CrOa4), rinsed in deionized water, soaked for 3 min in isopropyl alcohol
(CsH70H), rinsed in deionized water and then dried in air prior to deposition. The
properties of SnO: thin film depend on various growth parameters such as substrate to
nozzle distance, substrate cleaning, substrate temperature, time of deposition, the
diameter of the nozzle, solution composition, and concentration. The spray solution,
consisting of 7 ml of SnCls, 400 ml of C3H7OH, 15 ml of HCI in H20 (30 ml), was sprayed
on preheated chemically cleaned glass lower base. The solution was primed in pure water
(Purelab flex 3, water purity: 18.2 MQ at 25°C). The solution and carrying gas (air) are
fed into the spray nozzle at pre-set fixed an atomization pressure. Subsequently, the
nozzle-to-substrate distance was maintained at 30 cm, and thin film was deposited at
420°C. The flow speed of the solution was 10-12 ml/min. The diameter of the nozzle was
0.3 mm. The film formation is an oxidation process as shown below.

SnCl, + 0, — Sn0, + 2Cl,

The structural properties were characterized by Rigaku RadB XRD with CuKa
radiation with 2=1.5405 A (30 kV, 15 mA, scanning speed=2°/min). From the diffraction
patterns, angle positions and relative intensities of Bragg reflections were determined.
The optical properties of SnO2 thin film were investigated by a Perkin Elmer UV/VIS
Lamda 2S spectrophotometer (A =200-1100 nm) operating at room temperature. The
absorption coefficient values (o) were defined from transmission spectrum. Refractive
index values (n) and the thickness (7) of the film were determined from interferences of
the optical transmission curve with envelope method. Refractive indices (n) were
investigated for ultraviolet, visible and near-infrared (UV-VIS-NIR) regions. The optical
energy gap (E;) was determined from a *-Energy graph.
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3. Results and Discussion

3.1 Structural Properties

The structural properties of the SnO: thin film were characterized by XRD

measurements. The XRD pattern was obtained with 26 from 10° to 70°.
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Figure 1. The XRD pattern of SnO; thin films deposited at 420°C.

The XRD pattern of the SnOz thin film produced at 420°C substrate temperature is
given in Figure 1. As a result of XRD pattern, it was determined that all the obtained
peaks in Figure 1 were belonged to characteristic SnOz phase. It was concluded that the
SnO: thin film was grown in polycrystalline structure and mainly in tetragonal phase.
Apart from the strongest peak at 26=26.56° from diffraction pattern, many other peaks at
33.82°, 37.86°, 51.66°, 54.74°, 61.70°, 65.72° were also observed. (hkl) reflection planes
corresponding to the peaks were (/10), (101), (200), (211), (220), (310) and (301),
respectively. It was observed that the preferred orientation was through the (7//0) plane.
Also, lattice parameters, grain sizes (D), d-values, and full-width half maximum (FWHM)
values for (110), (101), (200), (211) planes were calculated from the XRD data (see Table

1). The lattice parameters for tetragonal phase were determined from the relation:
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1 h? +k? 12
dZ = 2 + 2
hkl a ¢

where a and c are lattice constants, (4kl) is Miller indices of the plane concerned and dpx

is the interplanar spacing of the atomic planes.

Table 1. Structural parameters of SnO; thin film

Grai Calculated Standart
(hkly Observed Standard  Calculated ~ Standard FWHM S::(:: P;':Il:lzt:rs Par:lllneatre;rs
20 (deg.) 20 (deg.) d(A) dA) (deg.) @) ab ;¢ (A) b ; ¢ (A)
(110) 26.56 26.61 3.353 3.347 0.273 312.01 4.737 ; 3.179 4.738 ; 3.187
(102) 33.82 33.89 2.648 2.642 0.313 276.76 4.727 ; 3.183 4.738 ; 3.187
(200) 37.86 37.95 2.374 2.369 0.320 274.10 4.740 ; 3.178 4.738 ; 3.187
(211) 51.66 51.78 1.768 1.764 0.334 275.75 4.727 ; 3.187 4.738 ; 3.187

The calculated all values of SnO: thin film are very well conformed with the
standard values (Crystal system: tetragonal phase, space group: P42/mnm(135), a =4.738
A, c=3.187 A, PDF Card No: 041-1445). The grain sizes (D) were calculated using the

Debye-Scherrer equation as below:

0941
~ Bcos 8y

where, A is the X-ray wavelength (1 = 1.5405 A), B is the observed angular width half
maximum intensity (FWHM) of the peaks (radians) and s is Bragg diffraction angle [11].

3.2 Optical Properties

Figure 2 indicates the optical transmission curve of the SnO: thin film between 200
and 1100 nm. The multiple peak points seemed in the transmission spectrum are emanate
from optical interference. SnOz thin film is highly transparent and its optical transmission
values (T %) are 80-96 % in the visible region. Figure 2 clearly shows that a sharp-witted
at about 285 nm. The optical transmission spectrums of the transparent films like SnO2

are dramatically influenced from grain sizes and morphological properties of the films

[12].
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Figure 2. The optical transmission curves of SnO, thin film deposited at 420°C

The envelope method can typically used to determine the refractive indices (7) and
the film thickness (¢) if transmission spectrum is possessed optical interference [13]. The
film thickness (f) was determined by utilizing the optical transmission curve of in Figure

2 by using the equation as below:

B IR
" 2 A, — nG ]

in this equation n(41) and n(42) are the refractive index values at two contiguous minima
(or maxima) at A1 and 42 wavelength. The thickness of the SnOz thin film was found to be

1.22 um. Refractive index values (n) are calculated as noted below:

N =[N+ (N? —n2)]*/2

N = (n22+ 1) + 2115 (Tmax - Tmin)

Tmamein

in these equations 7max and Tmin are maximum and minimum transmittances at the same

wavelength in a fitted envelope curve on the transmittance curve, also #s is the refractive

index of the substrate.
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Figure 3. Variation of refractive index n versus wavelength of SnO, thin film

The refractive indices () were calculated for wavelengths between 400-1100 nm
for SnO: thin film and the variations are shown in Figure 3. The refractive index values
(n) were altered between 1.83-1.97 in the UV-VIS-NIR regions (in the range of 400-1100
nm). The refractive indices (n) were measured between 1.90-1.95 for the wavelengths

from 550 to 700 nm which is consistent with the standard values in the literature [14, 15].

The absorption coefficients (o) of SnO2 thin film was defined from the optical

transmission measurements and using the equation as below:

=~ (z)
*=77 M,

where ¢ is film thickness, 7' is normalized transmittance. The variation of absorption

coefficient (a) of SnOz thin film with wavelength is shown in Figure 4.
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Figure 4. Variation of absorption coefficient (a) versus wavelength of SnO, thin film

The optical energy gap (Eg) was found for the allowed direct transition between the

conduction and valence bands from the Tauc Equation:
ahv = A(hv — E,)1/?

in this equation a, 4v and A are identified as absorption coefficient, photon energy and a
constant, respectively. The optical energy gap Eg is estimated using determined cutting
point linearly at &’ = 0 in the energy spectrum. According to Figure 5, Eg value is found

to be 3.98 eV. This is in good agreement with previous result [16].
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Figure 5. o’ versus energy plot of SnO; thin film

4. Conclusions

Highly transparent polycrystalline SnO: (tin dioxide) thin film was deposited on
commercial microscope glass by spray pyrolysis technique at 420°C. Crystal structure of
the SnO: thin film is determined as tetragonal rutile structure by using XRD analyses.
SnO: thin film is highly transparent and its optical transmission values (7 %) 80-96 % in
the visible region. Refractive index values (n) and the thickness (¢) of the film were
determined from interferences of the optical transmission curve with envelope method.
The thickness of the SnO2 thin film was found to be 1.22 um. The refractive indices ()
were altered between 1.83-1.97 in the UV-VIS-NIR regions. The optical energy gap (Eg)
was found to be 3.98 eV. It can be said that the SnO: thin film found applicable in solar
cells due to its especially polycrystalline structure, refractive index values and high

optical transmittance.
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