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a b s t r a c t

Transparent conductive thin films of nanocrystalline Sb:SnO2 have been deposited onto preheated glass
substrates by using spray pyrolysis technique. The effect of the solution molarity on structural, morpho-
logical, optoelectronic properties of Sb:SnO2 films has been investigated. XRD study reveals that films are
polycrystalline with tetragonal crystal structure having average crystallite size about 20 nm. The com-
pact and homogeneous grains are seen in FESEM images. The BEs of Sn 3d for all samples show the
vailable online 10 December 2010
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Sn4+ bonding state for SnO2. The BEs of Sb 3d5/2 are in the range of 530.6–530.9 eV, indicating that all
antimony detected is in a pentavalent state (Sb5+). Transparency of films in the visible region decreases
with increase in precursor concentration. Photoluminescence study shows the strong violet and weak
orange emission. The sensing properties of the Sb:SnO2 films for acetone, ethanol and LPG with operating
temperature and gas concentration have been investigated.
ptoelectronic properties

hotoluminescence
as sensor

. Introduction

The metal oxide semiconductor gas sensor is based on the
onductivity change of the semiconductor material due to its inter-
ction with gas. When gas molecules are adsorbed on the surface
f a semiconductor, electron transfer occurs between the semicon-
uctor and the adsorbates. If the electron affinity of the adsorbates

s larger than the work function of the n-type semiconductor, the
dsorbates accept electrons from the semiconductor. In the oppo-
ite case, the semiconductor accepts electrons from the adsorbates.
his electron transfer continues until the Fermi level of the gas
dsorbed semiconductor surface becomes equal to that of the bulk
1]. As a result of this electron transfer, a depletion or accumulation
f charges occurs near the semiconductor surface. Then, the accom-
anying variation of surface potential barrier induces a change in
he electrical conductivity or resistivity. Numerous metal oxide
emiconductor materials were reported to be used as semiconduc-
or gas sensors, such as ZnO, SnO2, WO3, TiO2, Fe2O3, and In2O3.
hese candidates have microstructural defects, so free electrons

riginating from oxygen vacancies contribute to electronic con-
uctivity [2]. The demands for accurate and dedicated sensors to
rovide precise process control and automation in manufacturing
rocess, and also to monitor and control environmental pollutions,
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have accelerated the development of new sensing materials and
sensors technology [3]. Most studies have focused on detecting the
toxic and the flammable gases, present in the atmospheric compo-
sition in some environments, such as acetone, ethanol and LPG. It
is believed that sensor sensitivity can be improved by the varying
solution concentration or the increasing specific surface area of the
sensitive materials. The materials will provide more surface sites
available for oxygen to be adsorbed on them and to make contact
with the surrounding gases [4]. The synthesis of ATO is of great tech-
nological and scientific interests owing to the use of these materials
as transparent electrodes, heat mirrors, displays, electrochromic
windows, catalysts, rechargeable Li batteries, and energy storage
devices and has potential uses in photovoltaic and optoelectronic
devices [5,6]. Other interesting features of ATO are their gas sensing
properties. Several methods have been used to prepare antimony
doped tin oxide thin films such as chemical vapour deposition
(CVD) [7], sputtering [8], sol–gel [9], atomic layer epitaxy [10] and
spray pyrolysis [11,12]. It has been shown that antimony doped
tin oxide films with good electronic properties can be achieved by
tuning precursor concentration in spray pyrolysis technique.

The carrier concentration and mobility can be controlled
by monitoring substrate temperature and amount of antimony

doping. Apart from the different preparative parameters like thick-
ness, quantity of the spraying solution, starting material, dopant,
nozzle–substrate distance and air flow rate, precursor concentra-
tion also plays an important role for obtaining the device quality
properties of the Sb:SnO2 thin films. The present manuscript
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http://www.sciencedirect.com/science/journal/09258388
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plane. It is observed that, by varying the concentration of SnCl4 in
spraying solution, the lattice parameter does not get altered. The
increase in peak intensity from 0.5 to 2.5 M concentrations may be
attributed to the continuous increase in film thickness from 605
to 815 nm. Such type of nature of X-ray diffraction pattern has
2θ (deg)

ig. 1. X-ray diffraction patterns for the Sb:SnO2 thin films deposited at various
oncentrations of SnCl4 in solution.

eports the effect of precursor concentration on the structural, mor-
hological, optical and luminescent properties of spray-deposited
b:SnO2 thin films. The sensing characteristics of Sb:SnO2 thin films
or various gases such as acetone, ethanol and LPG were investi-
ated.

. Experimental

Stannic chloride (Thomas Baker), antimony trichloride (s.d. fine) and 2
ropanol (solvent) were used in the present case. The glass substrates
75 mm × 25 mm × 1.2 mm) supplied by Blue Star, Mumbai were used. The solution
ow rate (5 ml/min) was controlled by carrier gas (air) having pressure ∼1.5 kg cm−2.
he amount of SbCl3 and substrate temperature were kept fixed at 2 at% and 475 ◦C
espectively, which have been found to be optimal for achieving good quality
b:SnO2 thin films. The quantity of the solvent 2 propanol (10 ml) was kept con-
tant throughout the experiments. The concentration of SnCl4·5H2O in the spraying
olution has been varied from 0.5 M to 2.5 M. We restricted to this limit of SnCl4 con-
entration because at higher concentrations (>2.5 M), the solution becomes more
iscous and small particles collect at the spray nozzle tip, which results in powdery
lms with high sheet resistance. The chromel–alumel thermocouple, connected to
temperature controller was used to record temperature of glass substrates. It has
een observed that, when the metallic solution was sprayed onto hot substrates (at
ptimized substrate temperature), pyrolytically decomposed good quality Sb:SnO2

hin films were formed. These films were then allowed to cool at room temperature
nd further used for structural, optical, and electrical characterization.

The structural properties were studied by a Powder X-ray diffractometer [Bruker
8 Advance, France] using Cu-k� radiation in the 2� range of 20–80◦ . SAED anal-
sis was carried out with a Philips CM-12 electron microscope (point resolution
.8 Å). The morphology of the films was observed by field emission scanning electron
icroscopy (FESEM) (Model: JSM-6701F, Japan). X-ray photoelectron spectroscopic

tudies were carried out using the model PHI-5400 type X-ray photoelectron spec-
roscope (Physical Electronics PHI 5400, USA) with monochromatic Mg-K� (1254 eV)
adiation source. Optical absorption study was carried out in the wavelength range
00–1100 nm using double beam spectrophotometer (SHIMADZU UV-1700, Japan).
he room temperature photoluminescence spectra of the films were recorded using
Perkin-Elmer luminescence spectrometer (Model: LS55, USA). All spectra were
easured at room temperature with an Ar ion laser as a light source using an exci-

ation wavelength of 325 nm. The sensing properties of Sb:SnO2 thin films were
tudied in an indigenous gas sensor unit. For electrical measurements, silver paste
ontacts (1 mm) were made on the Sb:SnO2 sample of area 1 cm2. Gas concentration
n the measurement chamber was monitored with calibrated gas flow meter.

. Results and discussion

.1. Structural analysis
Fig. 1 shows X-ray diffraction patterns of Sb:SnO2 films prepared
t typical substrate temperature of 475 ◦C grown on glass sub-
trates with different solution molarities in spraying solution. The
eposited films are polycrystalline having tetragonal crystal struc-
Precursor concentration (M) 

Fig. 2. Variation of average crystallite size of sprayed Sb:SnO2 thin films for different
concentrations of SnCl4 in solution.

ture. The crystallinity of the films increases up to 2 M concentration
and then decreases for higher concentration. The films deposited
with lower solution concentrations (0.5 M and 1 M) show orienta-
tion along (1 1 0) plane, whereas film deposited at 1.5 M solution
concentration shows orientation along (2 0 0) plane. While peak
intensity of (3 0 1) plane is dominant for film deposited with 2 M
solution concentration attributed to growth mechanism and reori-
entation effect. Other different weak intensity planes such as (2 1 1),
(1 1 0), (1 0 1), (2 0 0) are also observed. The films deposited with
2 M concentration show the highest intensities for (2 1 1) and (3 0 1)
Fig. 3. The selected area electron diffraction (SAED) pattern of typical 2 M concen-
tration.
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Fig. 4. Field emission scanning electron micrographs of (a) 0.5 M (b) 1 M (c) 1.5 M

een observed by Prince et al. [13]. Decrease in (2 1 1) and (3 0 1)
eak intensity after 2 M concentration might be due to incomplete
hermal decomposition of sprayed droplets because of unsuitable
hermal energy (at 475 ◦C substrate temperature) required for per-
ect decomposition. For higher concentrations the reorientation
ffect is probably disturbing the growth, which results in smaller
rystallite size. In the present work, no other phases such as SnO
nd Sn3O4 have been observed indicating that the films are of single
hase.

The crystallite size ‘D’ is calculated using Scherrer’s formula,

= 0.9�

ˇ cos �
(1)

here D is the crystallite size, ˇ is the broadening of the diffraction
ine measured at half of its maximum intensity (rad.) FWHM and �

s X-ray wavelength (1.5406 Å). The variation of average crystallite
ize estimated from diffraction line broadening with the solution
oncentration is shown in Fig. 2. It is found that the crystallite size
aries between 12 and 20 nm, increases with the increase in con-
entration of SnCl4, and reaches a maximum of 20 nm at 2 M and
M and (e) 2.5 M Sb:SnO2 thin films at various concentrations of SnCl4 in solution.

then decreases. The tendency of a decrease in crystallite size with
increase in concentration after 2 M may be due to super-saturation
of Sn atoms. Similar results have been observed for sprayed FTO
thin films. The analysis reveals that the Sn4+ ion concentration
strongly influences the crystallite size as well as thickness of the
thin films. Such effects are common to spray deposited thin films.
Fig. 3 shows the selected area electron diffraction (SAED) of typi-
cal 2 M concentration Sb:SnO2 thin film. It shows highly crystalline
and well pronounced Scherrer’s diffraction rings in the SAED pat-
tern, that can be assigned to the reflections (1 1 0), (1 0 1), (1 1 1),
(2 0 0), (2 1 1), (0 0 2), (3 1 0) and (3 1 1) of tetragonal SnO2. There are
no additional rings in the SAED pattern stemming from any crys-
talline impurities. SAED pattern clearly show deposited films are
nanocrystalline and grows along (3 0 1) direction, which is different
from common (1 0 1) and (1 1 0) growth direction.
3.2. Morphological study

Fig. 4(a–e) shows the FESEM images of Sb:SnO2 thin films pre-
pared for various solution molarities ranging from 0.5 to 2.5 M. It
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observed in the region 530.47–530.87 eV for Sb:SnO2 thin film pre-
pared by spray pyrolysis in the present work can be attributed to
chemisorbed oxygen. The peak appeared around 532 eV attributed
to the OH group linked to Sn. This has been observed for all sam-
ples, indicating samples are hygroscopic in nature. Carbon atoms in

Sb 3d3/2
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Binding Energy (eV)

ig. 5. X-ray photoelectron spectroscopy survey scan spectrum of Sb:SnO2 thin films
t 2 M concentrations of SnCl4 in solution.

as observed that the surface morphology of the films is strongly
ependent upon the SnCl4 concentration. At low concentration
mall polyhedron-like grains are observed. As the SnCl4 concen-
ration increased further, the polyhedron-like grains dwindled and
ere hardly distinguished from small round grains. The com-
act and homogenous grains are observed in FESEM images. The
rains are randomly grown giving rise to scattering effect thereby
educing transmittance. Some authors discussed the effect of grain
ize on sensor and optical properties of undoped-SnO2 [14]. The
rain growth is along certain favourable nucleation centres due to
hich small and large grains are observed. As SnCl4 concentration

ncreases average grain size increases. The average grain size is lies
etween 100 and 300 nm determined from FESEM study. On the
ther hand crystallite size for the same samples, as determined
rom X-ray diffraction analysis is ∼12–20 nm, as single aggregate
ontains number of crystallites. Interestingly, the tendency of high
gglomeration among smaller crystallites to form larger agglom-
rated crystallites was noted for thin film with increased SnCl4
oncentration. Moreover the growth rate of the films increases with
he solution concentration.

.3. X-ray photoelectron spectroscopy

Fig. 5 shows the X-ray photoelectron spectroscopy (XPS) survey
can of film deposited with 2 M precursor concentration. Sample
ontains the Sn, Sb, O and traces of C having Sn MN1 auger peak
ith Sn 3p, Sn 3d, Sn 4d core levels. The presence of C1s is attributed

o contamination which resulted from the samples being exposed
o air before the X-ray photoelectron spectroscopic measurements.

Fig. 6 shows the narrow scan XPS spectra of Sn 3d for all sam-
les. The spectra reveals the spin–orbit splitting of the Sn 3d5/2
round state to be around 487.1 eV while the Sn 3d3/2 excited state
s observed around 495.4 eV, which is attributed to Sn4+ in SnO2
15], since SnCl4 was used as precursor. The binding energy of Sn
d5/2 is around 487 eV for deposited films which is higher than
hat of metallic tin (484.65 eV). It confirms that Sn exists only in
he oxidized state. The gap between the Sn 3d3/2 and Sn 3d5/2 lev-
ls (≈8.45 eV) closely correspond to the O in SnO2 and Sn in SnO2,

espectively. But due to the low doping concentration of Sb, we
bserve the peak of Sb 3d3/2 with lower intensity. Terrier et al. [16]
eported that the major Sb oxidation states existed as Sb5+ state for
ower doping level, but as Sb3+ state on higher of doping level. They
howed that Sb5+ peak position was located at 540.1 eV and Sb3+ at
Binding energy (eV)

Fig. 6. Sn 3d narrow scan X-ray photoelectron spectroscopy spectra of Sb:SnO2 thin
films deposited at various concentrations of SnCl4 in solution.

539.2 eV of binding energy. In our study, all the samples show the
binding energy of Sb 3d5/2 shown in Fig. 7 is at 530.6–530.9 eV, indi-
cating that all antimony detected was in a pentavalent state (Sb5+).
The binding energies of Sb 3d5/2 are higher than that of metallic Sb
(528.3 eV) [17].

Narrow scan XPS spectra of O 1 s for samples deposited with
various SnCl4 concentrations (0.5–2.5 M) are shown in Fig. 8(a–e).
Generally the O 1s peak has been observed in the BE region of
529–535 eV. The peak around 529–530 eV has been attributed to
lattice oxygen. Ghuang and Brundle [18] have attributed the peak
around 530.7–531.6 eV to oxygen in non-stoichiometric oxides in
the surface region. For chemisorbed O2 on the metal surface the
BE’s are found to be in the region 530–530.9 eV, for the surface
oxides and hydroxides in the region 529.6–531.0 eV and 533.3 eV,
respectively. Sharma et al. [19] have assigned the 532 eV peak to
absorbed hydroxyl ions. On the basis of the above, the O 1s peak
545 540 535 530 525 520 515

Binding energy (eV)

Fig. 7. Sb 3d narrow scan X-ray photoelectron spectroscopy spectra of Sb:SnO2 thin
films deposited at various concentrations of SnCl4 in solution.
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ig. 8. O 1s narrow scan X-ray photoelectron spectroscopy spectra of Sb:SnO2 thin
d) 2 M and (e) 2.5 M.

hree position from a carboxyl group (C–C, 285 eV,), (C–O, 286 eV)
nd (C O, 288 eV) respectively. The ratio of atomic concentrations
O/Sn) is quantitatively analyzed by calculating the peak areas of

1s and Sn 3d5/2 peaks. The values are deviated from theoretical
ne, which confirms the sample deposited with 2 M SnCl4 solution
oncentration is oxygen deficient.
.4. Optical properties

Information concerning optical transmittance found to be very
mportant for evaluating optical performance of conducting oxide
eposited at various concentrations of SnCl4 in solution; (a) 0.5 M, (b) 1 M, (c) 1.5 M

films. A high transparency in visible region for tin oxide thin films
is required for optoelectronic devices. Fig. 9 shows the wave-
length dependence on optical transmittance of Sb:SnO2 thin films
deposited on glass substrates with various SnCl4 concentrations.
At lower concentration Sn goes only at regular sites results into
maximum transmittance. When Sn concentration exceeds a limit

gradual occupation of interstitial of tin may take place and this
phenomenon changes the preferred growth of the films. Due to
this films with some defects may results into decrease in transmit-
tance. The visible and near-IR regions are the transparent region
for the films. The transmission in this region is limited by sev-
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ig. 9. Variation of transmittance with discrete wavelengths for the sprayed
b:SnO2 thin film deposited at different concentrations of SnCl4 in solution.

ral factors: (1) reflection losses which include both specular and
cattered (diffuse) components (this backward scattering (about
–2%) is primarily due to surface roughness and increases with

ncreasing thickness); (2) absorption (about 1–2%) [20] in the film,
hich is primarily due to free carriers; (3) variations in trans-
ittance that, depending on the thickness of the film, may occur

ue to interference phenomena with the result that an aver-
ge visible transmission must be described. The transmitted part
f the incident energy also has specular and scattered (diffuse)
omponents. This forward scattering (about 5%) is due to inho-
ogeneities in the film in the form of unreacted or partly reacted

hemical species generated during the complex pyrolytic process,
rapped gases, segregated impurity atoms or other oxide phases.
he well-developed interference patterns in T show that the films
re specular to the great extent. Furthermore, there is a shift in the
bsorption edge to shorter wavelength with increasing SnCl4 con-
entration which is due to the Burstein–Moss shift [21]. Thin films
ften show a small band gap widening and the absorption edge
oves to a shorter wavelength than that of the bulk material.
It is seen that the direct optical band gap (Eg) has decreased

rom 3.60 eV to 3.50 eV with SnCl4 concentration. The band gap
nergy determined in this way is not the actual band gap of the
eposit as these are degenerate semiconductors, the Fermi level

ies within the conduction band where its position depends on the
ensity of the free electrons. Thus, the values given for the optical
and gaps are related to the excitation of the electrons from the
alance band to the Fermi level in the conduction band, whereas
he actual band gap of the material is related to the excitation of
he electrons from the top of the valence band to the bottom of the
onduction band. This means that the lifting of the Fermi level into
he conduction band of the degenerate semiconductor due to the
ncrease in the carrier density leads to the energy band broadening
shifting). However, when SnO2 is doped with antimony and the
arrier concentration is of the order of 1020 cm−3, a substantial band
ap widening is expected. Similar results have been obtained for
pray deposited SnOx, SnOx:F, and SnOx:Sb films [22].

.5. Photoluminescence
The room temperature photoluminescence spectra of the
b:SnO2 thin films prepared with different SnCl4 concentra-
ions were recorded in the range 530–850 nm is shown in
ig. 10. Deep level emission in the visible spectrum is gener-
Fig. 10. Photoluminescence emission spectra of Sb:SnO2 thin films with different
SnCl4 concentrations in solution (the inset shows the plots of photoluminescence
intensity versus SnCl4 concentration).

ally attributed to native defects. Point defects such as oxygen
vacancies and complexes involving tin interstitials, tin and oxy-
gen vacancies are known to contribute to visible emission. For all
the samples an intensive violet emission peak is observed in the
region 393–395 nm (3.15–3.13 eV) and shoulders around 366 nm
(3.38 eV), 422 nm (2.93 eV) and 474 nm (2.61 eV) are observed. The
inset shows the photoluminescence intensity brightness (violet
peak) against solution concentration. With increase in solution
concentration, the intensity of violet peak increases and attains
maximum value at 2 M concentration due to non-radiative recom-
bination [23]. Kim et al. [24] reported peak at 3.1 eV for undoped
SnO2 observed in low temperature and room temperature, and they
thought that the origin of the peak was related to oxygen vacancies.
The high density of oxygen vacancies interact with interfacial tin
leads to the formation of a considerable amount of trapped states
within the band gap giving rise to high photoluminescence inten-
sity at room temperature. For our samples, because of the pyrolytic
decomposition, there should be existence of oxygen vacancies due
to rapid evaporation and oxidation process. The origin of peak in
the region 393–395 nm (3.15–3.13 eV) is attributed to the electron
transition from donor level formed by oxygen vacancies (VO) or
Sb5+ ions to the acceptor level formed by Sb3+ ions [24]. The basis of
peak at 422 nm (2.93 eV) can be ascribed to the luminescence cen-
tres formed by tin interstitials (Sni) or dangling bonds present in
the SnO2 thin films [25]. Other peak appeared at 474 nm (2.61 eV),
which corresponds to blue luminescence and can be attributed
to singly charged oxygen vacancies (VO) in the films. [26]. The
orange emission observed in the region 661–665 nm might be due
to involvement of an interstitial oxygen (Oi) ions [27]. Broad peak
observed in the region 715–720 nm for all films may be due to
other crystal defects which are formed during the growth of sam-
ples. It is seen that, there is slight shifting in emission lines due to
Sni, Oi and VO dominate in the defect structure of Sb:SnO2 due to
the multivalence of tin, explaining the natural non-stoichiometry
of this material [28]. At low concentration, crystallization of the
film is poor, due to generation of large number of defects in the
films, which can lead to non-radiative recombination and weaken
the intensity of the violet emission. When concentration increases,
X-ray diffraction pattern (Fig. 1) and FESEM images (Fig. 4) show

that the samples have better crystallization, which means that the
number of defects in the films and the non-radiative recombination
decreases accordingly. In addition, better crystallization makes the
substitution doping of Sb more ideal and the donor level formed
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y Sb ions is enhanced, so the intensity of the violet peak increases
ith the increase of SnCl4 concentration. In SnO2, the Sn 4d elec-

ron interacts strongly with the O 2p electron. The emission peaks
round 366 nm (3.38 eV), 422 nm (2.93 eV) and 474 nm (2.61 eV)
re smaller than the band gap of 3.62 eV of SnO2, and so these visi-
le emission peaks cannot be ascribed to the direct recombination
f a conduction electron in the Sn 4d band and a hole in the O 2p
alence band. The position of the violet peak shows slight blue shift
ith increase in solution concentration due to donor level formed

y Sb ions and oxygen vacancies.

.6. Gas sensing properties

.6.1. Effect of operating temperature on to response of Sb:SnO2
lms

Fig. 11 shows the response as a function of operating temper-
ture for Sb:SnO2 films obtained for different concentrations. It is
een that, gas response increases with operating temperature up to
50 ◦C and then decreases for higher temperatures. The response
f all the films does not exhibit any significant difference at lower
emperatures. At a low operation temperature, the low response
an be expected due to the gas molecules do not have enough ther-

al energy to react with the surface adsorbed oxygen species. The

lectrons are drawn from the conduction band of the Sb:SnO2 by
he adsorbed oxygen, and a potential barrier to charge transport
s developed. At higher temperatures the thermal energy obtained

as high enough to overcome the potential barrier, and a signifi-
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cant increase in electron concentration resulted from the sensing

reaction. The response of a semiconductor oxide gas sensor to the
presence of a given gas depends on the speed of the chemical reac-
tion on the surface of the grains and the speed of diffusion of the
gas molecules to that surface which are activation processes, and
the activation energy of the chemical reaction is higher. In this case,
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t low temperatures the sensor response is restricted by the speed
f the chemical reaction, and at higher temperatures it is restricted
y the speed of diffusion of gas molecules. At some intermediate
emperature, the speed values of the two processes become equal,
nd at that point the sensor response reaches its maximum [29].
hus, in the present case the optimum operating temperature for
b:SnO2 films was 450 ◦C at which the Sb:SnO2 sensor response
ttained its peak value. The temperature, which corresponds to a
ertain peak value, is a function of target gases, the chemical com-
osition of the oxide, including additives and catalysts, and pure
xides are generally stable at lower temperatures. So the high oper-
ting temperature is necessary for Sb:SnO2 films to interact with
he acetone, ethanol and LPG gas.

Furthermore, it can be evidenced from the figure that for 0.5 M,
he response was maximum (56%) at 450 ◦C, and it was larger than
hose of other films. It is well known that the gas response of the

etal-oxide semiconductor sensors is mainly determined by the
nteractions between a target gas and the surface of the sensors.
o it is obvious that for the greater surface area of the materi-
ls, the interaction between the adsorbed gases and the sensor
urface are stronger, i.e., the gas response is higher [30]. In the
resent case, it has been seen from SEM images show more sur-
ace area to interact gas molecules at 0.5 M concentration, whereas
he dense and bigger grains are observed for greater concentra-
ions. The total surface area and grain boundary are largest for
.5 M. With the largest number of adsorption–desorption sites, the
esponse could be improved by the significant change in surface
rea.

.6.2. Effect of gas concentration on the response of Sb:SnO2 films
Fig. 12(a–c) shows the response of films as a function of various

ases concentration at 450 ◦C. As concentration increases the sensi-
ivity increases with gas concentration from 15 to 57%, 10–28% and
–40% for acetone, ethanol and LPG gases respectively. The figure
eveals that the gas response increases up to 2000 ppm concen-
ration and then saturates for higher gas concentration. However,
t higher concentrations the increase in gas response value was
radual and the response saturated for all gas concentrations more
han 2000 ppm. The response of a sensor depends on removal of
dsorbed oxygen molecules by reaction with a target gas and gen-
ration of electrons. For a small concentration of gas, exposed
n a fixed surface area of a sample, there is a lower coverage of
as molecules on the surface and hence lower surface reaction
ccurred. An increase in gas concentration increases the surface
eaction due to a larger surface coverage. A further increase in
urface reaction will be gradual when the saturation point on the
overage of molecules is reached. Further it was seen that almost
he same time is taken to reach the maximum response for dif-
erent concentrations of gases and the response dropped rapidly

hen the gas is removed from the testing atmosphere, indicating

hat the sensor had good response and recovery characteristics at
igher concentrations of the gas. Thus, maximum response of 57,
8 and 40% is obtained at 450 ◦C upon exposure to 2000 ppm of gas
or acetone, ethanol and LPG respectively.

[
[
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3.6.3. Conclusions
The effect of the molar concentration on the gas sensing charac-

teristics of Sb:SnO2 films prepared by spray pyrolysis was studied.
The films are polycrystalline with tetragonal crystal structure
showing crystal reorientation effect as well as enhancement in
grain size confirmed from FESEM and SAED. The direct optical band
gap (Eg) has decreased from 3.60 to 3.50 eV with increase in SnCl4
concentration. Oxygen vacancies or donor level formed by Sb ions
are the dominant luminescent centres for the emission of violet
light in SnO2 thin films. The spray deposited Sb:SnO2 films were
sensitive to acetone, ethanol and LPG with 57, 28, 40% response at
2000 ppm concentration respectively.
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