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Investigation of some properties of SnO,:Sb:F thin films
by an economic spray pyrolysis technique
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Sn0;:Sb:F thin films deposited on glass substrate prepared by home-made spray pyrolysis method from low cost precursor
SnCl,.2H,0 and isopropyl solution. In this study, the effect of substrate-nozzle distance on physical, optical and electrical
properties of film were investigated at 350 °C substrate temperature. The obtained results revealed that the structures and
properties of the films were greatly affected at different substrate-nozzle distances. XRD patterns shown that all films
crystalline in nature and preferred orientation are (200) plane and sometimes orthorhombic structures could be seen. The
scanning electron microscope (SEM) images revealed that nearly all films are homogenous and smoothness. Uv
measurement depicted that films are the best transmittance and the widest band gap for doubly doped SnO thin films from
SnCl; precursors in the literature 85 % and 4,33 eV respectively. Electrical study showed that the films are degenerate and

exhibit n-type electrical conductivity. These films are useful as candidate for solar cell devices.
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1. Introduction

Optically transparent and electrically conducting
metal oxide films (TCOs) are promising because of their
wide variety of technological applications such as
transparent electrodes in photovoltaic cells and many other
opto-electronic devices [1,2]. TCO coatings can also act as
heat mirrors owing to their high reflectivity in the infrared
range [3]. Among the various TCOs, doped tin oxide (TO)
films are the most promising due to their chemical
inertness and mechanical hardness along with low
electrical resistivity and good optical transmittance. Many
dopants, such as antimony (Sb), arsenic (As), fluorine (F),
indium (In), molybdenum (Mo) and phosphorus (P) have
been used to improve the electrical properties of tin oxide
films [3-4]. Among these, Sb and F are found to be the
most commonly used dopants for solar cell layers. Tin
oxide films with low resistivity can be realized by doping
either Sb or F. Doped tin oxide films have been deposited
by many methods such as electron beam evaporation [5],
chemical vapour deposition [6], sputtering [7], sol-gel [8]
and spray pyrolysis [9]. Among these methods, spray
pyrolysis is simple and inexpensive. In addition to that it
has several advantages like ease of adding doping
materials, high growth, mass production capability for
uniform large area coatings which are very much desirable
for many industrial applications [2, 10]. Even though,
Thangaraju and Ravichahdran et al. have reported [3, 11,
12, 13] some properties of the doubly doped TO films,
detailed report on these films are hardly available in the
literature. Some researchers were reported that The
physical, electrical and optical properties of SnO, (TO)
thin films deposited using spray pyrolysis technique at
different nozzle-to-substrate distances were reported [14].

In the present study, antimony and fluorine doped tin
oxide (AFTO) films were prepared from propanol solution
of SnCl,.2H,O by an inexpensive, simplified spray
technique. The aim of this work is to study the effect of
substrate-nozzle distance (SND) on film physical, optical
and electrical properties of SnO,:Sb:F films prepared from
propanol solution at 350 °C substrate temperature.

2. Experimental details

SnCl,.2H,0 (0.05M) was used as precursor (host) for
tin. The simultaneous doping of antimony and fluorine
was achieved by adding SbCl; (4 at %) and NH,4F (30 at
%) to the host precursor. The host and dopant precursors
are dissolved in 10 ml of concentrated HCI and the
solution is diluted to 50 ml with the use of propanol. All
the spray solutions were magnetically stirred for 1h and
finally these solutions were filtered by syringe filter with
0.2 um pore size before spraying on substrate. The optical
glasses with 10x10x1 mm® dimensions were used as
substrates. The substrates were washed with water, then
boiled in concentrated chromic acid and kept in distilled
water for 48 h [15]; finally substrates were cleaned with
organic solvents and helping ultrasonic cleaner. The
substrates were pre-heated to the required temperature.
After deposition, all the films were allowed to cool down
naturally to room temperature. The substrate temperature
(working temperature) was 350410 °C. The flow rate (2
ml/min.), total spraying quantity (50 ml) and plate rotation
speed (20 rpm/min.) were all kept fixed. Filtered
compressed air was used as carrier gas. The total
deposition time was maintained at 30 minutes for each
film, including waiting times. The substrate-nozzle
distance was varied from 25 to 45 cm by five increments.
In all, more than ten samples were produced
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simultaneously at each substrate-nozzle. It was realized
that the crystals have similar properties and then passed to
other processes. The precursor solution was sprayed
continuously by atomizer nozzle on heated 350 °C
substrate because of prevention of stratification on the
surface different from conventional method. In the case of
conventional spray pyrolysis method, in general tin oxide
films are deposited only at a substrate temperature (Ts) >
400 °C [10, 16, 17]. But in this simplified technique,
comparatively lesser Ts is employed, even without any
compromise in the quality of the films such as
crystallinity, transmittance and conductivity, etc [3].
Unlike other studies, in this study, doubly doped films
have been prepared using propanol solution.

X-ray diffraction patterns were recorded using X-ray
diffractometer (D8 Advance, Bruker AXS GmbH) which
was operated at 40kV and 30mA with X-ray source of
CuKa radiation having wavelength 1.5406 A. SEM images
were obtained by employing Zeiss Evo-LS-10 model
scanning electron microscope. Perkin Elmer UV-Vis-NIR
double beam spectrophotometer (Lambda-35) was used to
record the transmission spectra in the range of 300-1100
nm. Sheet resistance measured Hall probe method.

3. Results and discussion
3.1. Structural properties

The XRD patterns of doubly doped films are shown in
Fig. 1. It is observed that films are like amorf structure for
25 cm substrate-nozzle distance. Other substrate-nozzle
distance films are crystalline structure in nature. Reason of
this, substrate nozzle-distance rather short for good
atomization the solvent. It is known that for good droplet
dimension needs at spray technique. In this study,
preferential orientation (200) plane and other peaks (110),
(211), (220) tetragonal structures and (002), (204)
orthorhombic structures have been seen. The preferential
orientation peak intensities and crystallinity of the films
increased with increasing substrate- nozzle distance and
reached maximum at 35 cm distance then decreased at 45
cm. So, 35 cm substrate-nozzle distance is the best
crystalline all of them in this system. At low nozzle-
substrate distances like 25 cm, droplet in liquid phase
sputters onto the substrate and decomposes without a good
film growth. When the distance is increased up to 35 cm,
decomposition increase and consequently, by evaporating
the solvent before the droplet reaches the substrate, ideal
deposition condition had been taken place and the
crystallinity increases. But even with the increase to 40-45
cm in the nozzle-substrate distance, the solid precipitate
melts in spray solution vaporizes without decomposition
and the vapor diffuses to the substrate and the crystallinity
worsens. Although 25 cm substrate-nozzle distance is not
a true distance for a good crystalline, 35 cm substrate-
nozzle distance is the best crystalline in this system. This
similar conclusion has been observed by Turgut et al. [18]
by using spray pyrolysis technique for undoped tin oxide
films. Especially, there are also peaks that are the graph
structure of orthorhombic at 35 cm substrate-nozzle

distance. This peaks attributed available of the alcohol
solvent in the solution [19]. It is realized that all films are
shown lesser peaks all other doubly doped tin oxide films
[3, 11, 12, 13] it may be attributed propanol solution effect
and low molarity.
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Fig. 1. X ray diffractometer patterns of doubly doped tin
oxide thin films at different substrate-nozzle distance.

The average crystallite size (D) of the films is
determined using the Laue-Scherrer formula [20] which
shows that the size of the crystallites is in the nano range.
The quantitative improvement in the crystallinity can be
understood from the calculation of the grain size. The
grain size D is determined from the full width half
maximum (FWHM) value of the dominant (200)
reflection, using Scherrer’s formula: D = 0.9 /(B cos6),
where X is the x-ray wavelength (1,5406 A for CuKa), 0 is
the diffraction angle and B is the FWHM. The calculated
values are tabulated in Table 1. It is seen that grain size
not very changed from XRD measurement. The
dislocation density (3), defined as the length of dislocation
lines per unit volume, has been estimated using the
equation, & = 1/ D% Since & is the measure of the amount
of defects in a crystal, the small values of 6 obtained in the
present study confirmed the good crystallinity of the
doubly doped TO films deposited by spray pyrolysis.

It is also observed that a, c lattices and the interplaner
distance d parameters, calculated from XRD measurement
given in Table 1. The lattice constants a and c, for the
tetragonal phase structure is determined by the relation
(1/d%) = {[(h? + kK¥)/a?] + (1%/c®)} where d is the interplaner
distance and (hkl) are Miller indices, respectively. The
calculated ‘a’ and ‘c’ values agree with ICDD card no: 77-
0450. As seen from Table 1, substrate-nozzle distance did
not affect much lattice constants of doubly doped SnO,.
Calculated results with formula shows that when substrate
nozzle distance changed between 25cm and 35cm, grain
size decreased from 39,38 nm to 22,13 nm. In addition,
when substrate nozzle distance changed between 35 cm
and 45 cm, grain size increased from 22.13 nm to 49.48
nm. As seen, there are similarity between SEM images and
grain size. It is explained that so, SND is important
parameter for good film and suitable distance 35 cm for
this system.
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Table 1. Structural parameters of doubly doped tin oxide different substrate-nozzle distance.

SND (cm) 200 FWHM (hkl) d(A) coan?:\:':f:(A) o (x 10* Iisnes/ m?)
a c
25 38,4 0,257 (200) 2,487 4,975 3,453 39,38 6,447
30 38,5 0,226 (200) 2,482 4,964 3,234 44,79 4,983
35 38,5 0,458 (200) 2,487 4,964 3,532 2213 20,419
40 38,5 0,227 (200) 2,487 4,964 3,467 44,61 5,022
45 38,1 0,187 (200) 2,504 5,008 3,562 49,48 4,084

(Standard data a: 4,746 A c: 3,193 A d: 2,373 A (ICDD Card No: 77-0450 Quality C)
FWHM- Full width at half maximum, D-Crystallite size; 3-dislocation density

SEM images depicted that doubly doped films are
uniform and homogenous. Needle shape is the
characteristic feature of the grains of the SnO, films,
especially for those with (200) preferred orientation [10,
12, 21, 22]. Fig. 2 indicated that increasing substrate-
nozzle distance, from 25 cm to 45 cm, crystallinity and
homogeneity increases because substrate-nozzle distance
is an important parameter for droplets volume in the
surface of the film given everywhere [23]. This conclusion
confirms the XRD measurements. Good crystallinity was
taken at 35 cm substrate-nozzle distance could be seen
SEM images. Film’s homogeneity increases with
increasing substrate-nozzle distance because of decreasing
droplets volume but the number of droplets that can reach
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the surface is reduced. In that case substrate-nozzle
distance should be kept properly for each experiment, in
here 35 cm found [24, 25]. It could be seen that for 25 cm
substrate-nozzle distance, there are cubic shaped salt in the
film surface and like a gelatin layer. It is attributed lesser
substrate-nozzle distance for doubly doped tin oxide. It
could be seen that grain size decreases with increasing
substrate-nozzle distance from SEM measurement. This
could be thought a discrepancy between XRD and SEM
measurement at 45 cm substrate-nozzle distance but it
could be seen only different homogenous on the film
surface. Substrate-nozzle distance at 45 cm is more
homogeneous surface because of smaller droplets volume.
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Fig. 2. SEM images for tin oxide at various substrate-nozzle distances a) 25 cm b) 30 cm ¢) 35 cm d) 40 cm €) 45 cm.



Investigation of some properties of SnO,:Sh:F thin films by an economic spray pyrolysis technique

533

3.2. Optical and electrical properties

The optical properties of the doubly doped TO films
were investigated using the transmission spectra (Fig. 3)
observed in the wavelength range is 300-1100 nm. It is
observed that the transmittance in the visible range is > 80
% for the doubly doped TO films grown by this simplified
technique according to proper substrate-nozzle distances.
This conclusion the highest transmittance in the visible
region (85 %) for doubly doped thin films from SnCl,
precursors in the literature [3, 11, 12, 13]. It could be seen
that substrate-nozzle distance is important parameter for
transmission spectra. The transmittance of the films
increased by increasing substrate-nozzle distance and
reached a maximum at 30 cm, then decreased at 45 cm.
Because of an increasing crystallization, decreasing
droplets in liquid phase sprayed onto the substrate surface
with increasing substrate-nozzle distance up to 30 cm, it is
an increase in the transmittance. Due to the reactant
molecules and product molecules in spray solution were in
the vapour phase at nearly 30, 35 and 40 cm substrate-
nozzle distances, ideal deposition condition completed and
a good transparency films were obtained. After 30, 35 and
40 cm of substrate-nozzle distances, the solid precipitate
melts in spray solution vaporizes without decomposition
and the vapour diffuses to the substrate and cause a
decrease in the transmittance. The maximum transmission
in this system had been taken nearly 30 cm, 35 cm and 40
cm substrate-nozzle distances. These values are close to
each other could be seen transmission spectra in Fig. 3. It
could be seen that transmission was decreased for 45 cm
substrate-nozzle distance.
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Fig. 3. Transmittance spectra of doubly doped tin oxide.

The figure of merit is an important parameter for
evaluating TCO thin films for use in solar cells.
Conductivity and transmittance are inversely proportional
to each other and should be as possible for effective usage.
In order to compare the performance of various transparent
conductors the most widely used figure of merit as defined
by Haacke is @=T'/Ry, [26-29], where T is the
transmittance at 800 nm and R, is sheet resistance. This
formula gives more weight to the transparency and thus is

better adapted to solar cell technology. The calculated
figure of merit values are given in Table 2.

Table 2. Optical parameters of doubly doped tin oxide films.

T ¢,

SND (cm) (%) (Q);lc(:n - Eg (eV)
25 53,08 0,02 4,18
30 85,10 7,43 4,33
35 84,13 12,71 4,27
40 82,90 6,57 4,31
45 73,39 3,43 4,25

T- the transmittance; f - figure of merit; Eg-optical band gap

When substrate-nozzle distance varied from 25 cm to
35 cm, value of the figure increased from 0.02x10° Q™ to
12.71x10° Q™ and then decreased to 3.43x10at 45 cm. It
was found that the highest value obtained for the films at
35 cm nozzle-substrate distances was 12.7x10° Q. It is
found that figure of merit’s maximum value at 35 cm
substrate-nozzle distance. Thus, the film prepared at 35 cm
can be used solar cell and other optoelectronic devices. It
is very suitable for good transparent and a good sheet
resistance for 0,05 M SnCl,.2H,0 with propanol solution.
It can be seen that there are different molar concentration
solution and different solvents for figure of merit in the
literature [3, 13, 30]. In here, it was studied different
substrate-nozzle distances correlated both propanol and
low molar concentration (0,05 M) different for them. The
direct band gap, determined by extrapolating the straight
portion to the energy axis to (¢hv)?= 0, is found to be 4.33
eV, which is higher than the value of Eg = 3.57 eV
reported for SnO, [31]. This increase in band gap can be
attributed to an increase in carrier concentration and
prepared solution properties. Finally, transmittance spectra
depict that the highest optical transmittance and the widest
band gap were found in the literature [3, 20] for doubly
doped SnO,:Sh:F thin films that is important for solar cell
application.

The electrical measurements were carried out by Hall
measurements at the room temperature. Sheet resistance
(Rsn), resistivity (p), mobility (i) and carrier concentration
(n) of AFTO films were given in Table 3.

Table 3. Electrical properties of doubly doped tin oxide films
for different substrate nozzle distance.

SND n n Rsh p
(em)y  (x10%em®)  (em?Vs) (Q/cm?)  (x10° Qcm)
25 1,21 9,62 95,1 36,6
30 4,29 4,98 26,8 12,1
35 1,58 34,75 13,9 12,7
40 1,78 21,82 23,3 16,0
45 73,54 1,08 13,2 7,80

Sheet resistance (Rs), electrical resistivity (r), electron mobility
(n), free electron concentration (n)
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The sheet resistance (Rq,) of the films deposited on an
optical glass substrate varied from 95.1 to 13.2 Q/cm?.
Sheet resistance is a useful parameter for comparing thin
films, particularly, those of the same material deposited
under similar conditions. The variation of sheet resistance
and resistivity of films with substrate-nozzle distance are
shown Fig. 4-a. The resistivity and the sheet resistance of
the films follow the same trend as a function of the
substrate-nozzle distance. Resistivity nearly decreases with
increasing substrate-nozzle distance. Sheet resistance also
decreases to 35 cm substrate-nozzle distance. It is found
that sheet resistance’s minimum values at 35 and 45 cm (~
13.5) substrate-nozzle distances. This result is in good
agreement with the earlier report [29].

Fig. 4-b shows mobility was decreases with increasing
substrate-nozzle distance from 25 cm to 30 cm and
increases from 30 cm to 35 cm then decreases. As the
substrate-nozzle distance increased from 25 cm to 30 cm,
carrier concentration also increased from 1.21x10% to
4.29x10™ cm™, when nearly decreased from 30 cm to 40
cm, while after 40 cm it again greatly increased. The
increase carrier concentration observed at 45 cm can be
related to the observed improvement in homogeneity of
the thin films.
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concentration correlated to substrate-nozzle distance of
doubly doped thin films.

4. Conclusions

Thin films of tin oxide were deposited for different
substrate-nozzle distance found that the best distance for
solar cell application in this system at 35 cm. AFTO thin
films demonstrated that the substrate-nozzle distance is a
very important parameter. It affects crystalline
microstructure, optical and electrical properties of the thin
films. The preferential orientation is along the (200) plane
and the degree of preferential orientation increases
considerably for 35 cm substrate-nozzle distance and
orthorhombic peaks also could be seen in this distance.
The grain size found at the minimum distance at 35 cm
substrate-nozzle distance. SEM images showed that
doubly doped films are uniform and homogenous as an
appropriate distance. AFTO thin films exhibited high
optical transmittance in the visible region. The maximum
band gap and optical transmittance obtained from Uv-vis
spectrometer in this study for doubly doped tin oxide films
are 4,33 eV and 85 % respectively. A high value of figure
of merit was 12,7x10° Q*. With this method, similar
studies were made previously by many researchers,
emphasized the similarities and differences between the
results obtained. The band gap and the optical
transmittance were attained for the doubly doped 4 wt %
antimony and 30 wt % fluorine doped tin oxide films
prepared from propanol solution of SnCl,.2H,O precursor
in this study which is higher than the values reported in the
literature. The obtained results suggested that the
substrate-nozzle distance is very important parameter and
the deposited films could be used for solar cell materials.
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