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Abstract:
A comparative investigation of gas sensing properties of SnO2 doped with WO3 based on thin film
and bulk forms was achieved. Thin films were deposited by thermal evaporation technique on glass
substrates. Bulk sensors in the shape of pellets were prepared by pressing SnO2:WO3 powder. The
polycrystalline nature of the obtained films with tetragonal structure was confirmed by X-ray diffraction. The
calculated crystalline size was 52.43 nm. Thickness of the prepared films was found 134 nm. The optical
characteristics of the thin films were studied by using UV-VIS Spectrophotometer in the wavelength range
200 nm to 1100 nm, the energy band gap, extinction coefficient and refractive index of the thin film were 2.5
eV , 0.024 and 2.51, respectively. Hall measurements confirmed that the films are n-type. The NO2 sensing
characteristics of the SnO2:WO3 sensors were studied with various temperatures and NO2 gas concentrations.
Both thin film and bulk sensors showed maximum sensitivity at temperature of 250 oC. Thin film sensors
showed enhanced response in comparison to that of pellets.
Keywords: WO3 doped SnO2; Thin Films; Pellets; NO2 Gas Sensor; XRD; UV-Vis Spectrometry.

Introduction:
Environmental safety strategy in most
countries focused on the regulation, accurate
measurement and control of the toxic gases such as
H2S, O3, CO, H2 and NO2 in the atmosphere.
Nowadays, air contamination by nitrogen oxides
(NOx), mostly NO and NO2, is becoming a
remarkable environmental topic. Nitrogen dioxide
(NO2) is a noxious compound with a bitter odor that
is dangerous to the environment as a main reason of
acid rain and photochemical smog. NO2 is mostly
formed by power plants, combustion engines and
automobiles. It can also prompt health difficulties,
such as olfactory paralysis. Protection guidelines
recommend that humans should not be exposed to
more than 3ppm NO2 gas for time longer than 8
hours. NO2 accompanying with other pollutants
such volatile organic compounds (VOC) is
responsible for the creation of ozone. So, it is very
required to develop a dependable sensor that can
efficiently detect NO2 even with exceedingly low
concentration (1- 3).

The SnO2 is a semiconductor material
extremely transparent and with elevated mechanical
and chemical stability, excluding for their
interactions with oxygen atoms at high temperature.
In addition to its high optical transmission owing to
a wide optical band gap approximately 3.8 eV,
SnO2, thin films have high n-type conductivity,
which is because of their non-stoichiometric
character related with oxygen vacancies and
interstitial tin in the lattice (4-6). The conductivity
could be changed from regular semiconducting to
degenerate one via properly doping the material and
maneuvering the oxygen deficient sites (7).
Through the past few decades, SnO2 has been
broadly applied in a wide range of significant
applications, such as solid-state gas sensors, liquid
crystal displays, thin-film heaters, photovoltaic
cells, optical coatings, self-cleaning materials and
transparent conducting electrodes (8, 9). It is a fact
that the sensor properties can be changed by varying
the crystal structure, dopants, preparation method,
operation temperature: etc (10-12).
Gas sensors work on the principle of a
change in electrical conductance on exposure to the
gas which is to be detected (13). The conductivity
of SnO2 sensor rises in the existence of a reducing
gases (like CO), and reductions in the existence of
an oxidizing gas (like O2) (14). The structural order
and the surface morphology of the material are chief
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reasons to operate as sensor; therefore, WO3 doped
gas sensors have particular significance due to
structural order of WO3 (15, 16). In this paper, the
influence of the operating temperatures over the
sensitivity measurements of the films as well as
bulk samples are discussed.
The aim of this work is to design a reliable NO2
gas sensor for environmental protection with high
sensitivity, fast response time and fast recovery time
from semiconductor metal oxide.

Time period over which sensor resistance decreases
to 10% of the saturation value when the objective
gas is switched off and the sensor is placed in
artificial (or reference) air is the recovery time.

Results and Discussions:
The XRD configuration of SnO2:WO3 thin
film is shown in fig. 1. It is clear that the film is
polycrystalline in structure. Matching of the
observed and of the standard (hkl) planes confirms
that the deposited film has a primitive tetragonal
structure (17). The film shows a preferred
orientation along the (110) plane. The (100), (101),
(200), (211), (220) and (310) peaks coincide well
with standard data (JCPDS Card No.88-0287) (18).
The crystallite size of film was calculated by
Debye-Scherrerś formula given by (4):
D=0.9 λ/βcosθ
(2)
Where λ is the wavelength of X-ray radiation (1.54
Ǻ), β is the full width half maximum (FWHM) of
the peak. The rate crystallite size is found to be
52.43 nm. Our results are in close agreement with
Tripathy and Hota (10, 19).
Optical analysis of SnO2:WO3 thin films on glass
substrates was performed from transmission
percentage versus wavelength curve in the
wavelength scope 200 nm to 1100 nm, which is
presented in fig. 2. The sensitivity is highly
dependent on the optical properties of the film.
The film exhibits a very elevated transmission
(>80%) in the visible part owing to the fact that the
reflectivity is low and there is low absorption
because of excitation of electrons from the valence
band to conduction band (20). The films
demonstrate an abrupt fundamental absorption edge
at about 400 nm. The existence of clear interference
fringes configuration in the optical transmittance
spectra shows the growth of good quality thin films
without any sort of in homogeneity which confirms
that SnO2:WO3 thin films possess semiconducting
properties as it was recognized by Nowak that the
pure semiconducting compounds have an abrupt
absorption edge (21). In order to get the band gap,
the absorption coefficient (α) was calculated from
the transmission data via using the following
relation (22):

Materials and Methods:
The chemicals SnO2 and WO3 in powder form
were obtained from (Ferak, Germany, 99.99 %
pure) and (The British Drug Houses, England, 99.99
% pure), respectively. 1 % weight of WO3 powder
in SnO2 have been mixed uniformly and made fine
by grinding in mortar with pestle for 1 hour. Then
the powders were sintered at 900 ℃ for 2h and
utilized for sensor fabrication. Thin films were
prepared by thermal evaporation technique onto
ultrasonically and chemically cleaned glass
substrates. Film thickness was measured by optical
interference method employing a (Angstrom Sun
Technologies Inc. SR 300 Spectrometer) and was
found to be 134 nm. Bulk sensors in the shape of
pellets were prepared by pressing SnO2:WO3
powder using die of 15 mm diameter and uniaxial
hydraulic press. Al grid were deposited through a
mask on front surface of the prepared sensors.
Electrical contacts were made by silver paste. The
crystal structures of the film was measured by X-ray
diffraction (XRD) using a (Shimadza XRD -6000)
diffractometer, employing CuKα (1.54 Ǻ) radiation.
The optical and electrical characteristic of the films
were done by uv-vis spectrometer (Shimadzu uv1800) and Hall measurement system (Ecopia HMS3000), respectively.
The sensitivity exams were performed in a closed
chamber containing a heating element. The samples
were connected to a multimeter (Victor 86 B) and a
constant voltage source in order to measure the
resistance. The sample temperature was observed
and organized by a thermocouple (K-type) joined to
the substrate. The sensor response was measured as
a function of temperature.
Different concentrations of NO2 gas (110, 165 and
220 ppm) were inserted into the testing chamber by
adjusted leaks through needle valves. A pirani
gauge with a rotary pump was utilized to regulator
the flow of objective gas in the testing chamber.
The sensor response is defined as (1):
𝑅
𝑎
S= 𝑔−𝑅
(1)
𝑅

𝛼=

1
T

ln

(3)
Where t is the film thickness and T is the
transmittance. The value of absorption coefficient
(α) is 6280 cm-1 as shown in fig. 3. For the direct
transition, the optical band gap energy of film was
specified by using the equation (22),
α =A (hν-Eg)1/2/hν
(4)
Where A is the corresponding absorption constant,
hν is the photon energy and Eg is the optical band
gap. From the plot of (αhν)2 vs. hν the band gap is

𝑎

Where, Ra and Rg are the sensor resistances in the
existing of atmospheric air and objective gas,
respectively.
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specified by extrapolating the straight line portion
of the plot to the energy axis. The cut off on energy
axis provides the value of band gap energy which
was found to be 2.5 eV as demonstrated in fig. 4.
The extinction coefficient (k) value of film was
determined from (23) :
k=αλ/4𝜋
(5)
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Figure 4. (αhν) vs. hν of SnO2:WO3 thin film.
2

and was found to be 0.024 at the wavelength 496
nm as manifested in Fig. 5.
The extinction coefficient is related to the creation
of defects and absorption centers. The refractive
index was calculated from the following equation
(24) :

Figure 1. XRD pattern of SnO2:WO3 thin film.
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Figure 2. Transmittance spectra of SnO2:WO3
thin film.
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(6)

and was found to be 2.51 as revealed in fig. 6.
Nearly similar result is given by K. S. Muhamed
and N. R. Muhammed (14). The elevated value of
the refractive index may possibly because of high
porosity and surface roughness of the films, which
is chiefly referred to larger grain size. Sensitivity of
thin semiconducting film is extremely reliant on
film porosity, film thickness, operating temperature,
existent of additives, and crystallite size. However
porosity is estimated to have a large influence on
sensor sensitivity (10).
The Hall effect measurement revealed that the Hall
coefficient, the carrier concentration and the
mobility of the films are -1.065x1010 cm3/C, 5.863X108 cm-3 and 2.725 cm2/V.sec, respectively.
The negative sign of the Hall coefficient value
exhibits the n-type semiconducting nature of the
films. Our result concerning the mobility is in
agreement with the study performed by Songqing
(8).
It is well recognized that gas sensing is a
surface phenomenon and is chiefly organized by the
adsorbed oxygen species (25). Doping with WO3
provides rise to several oxygen species and surface
states which lead to enrichment in the gas sensing
(7). The fundamental gas sensing properties of the
SnO2:WO3 thin films and bulk tablets were
investigated as a function of operating temperature
and test gas concentration. In this study the films
were characterized by many factors like sensitivity,
response and recovery time. Figure 7 shows the
sensitivity to NO2 gas as a function of operating
temperature for thin film and bulk. It is clear that
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Figure 3. Absorption coefficient vs wavelength of
SnO2:WO3 thin film.
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the maximum sensitivity occurs at temperature of
250°C (26, 27). At low temperatures there is fewer
oxygen coverage, when the sensor is exposed to air
and thus when target gases are inserted, there is an
insignificant variation in sensitivity. As the
operating temperature increases, the number of
adsorbed oxygen species would have reacted more
and more number of electrons which are released
due to this reaction sent back to conduction band
i.e., desorption average of adsorbed gases increases
with increasing temperatures too. As temperature
increases further, more and more adsorb oxygen
species reacted and more and more electrons sent
back to conduction band leading to increase in
conductivity. At 225°C , which is known as critical
temperature TC, almost all the adsorb oxygen
species reacted and maximum electrons sent back to
conduction band leading to maximum sensitivity.
The reduction in sensitivity for temperatures over a
critical operating temperature, TC , can be referred
to the higher desorption rates at these temperatures.
When target gases are inserted , the added
desorption owing to the target gases is small relative
to the steady-state desorption in air, directing to
reducing effect on the sensor response for T > TC .
The results indicated that the thin film structure has
a higher sensitivity than those produced by pellet
bulk structure, owing to a larger active surface area
of nanostructure, which can offer more active space
for the interaction between SnO2:WO3 and target
gases.
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Figure 7. Sensitivity vs. operating temperature
for SnO2:WO3 thin film and bulk.
Smaller grain size in the nanocrystalline
material lowers the activation energy and the
existence of dispersed W nanocluster over the SnO2
surface additional reduced the activation energy.
This is the reason of lowering the operating
temperature of the SnO2:WO3 sensor. However,
high surface to volume ratio can be obtained not
only by reducing grain size, but also by highlyordered porous structure (28- 30). Our result is
nearly in agreement with Shi et al.(31).
The sensitivity of the thin film for 110, 165
and 220 ppm of NO2 gas concentration at 250 ℃
against working time is represented in fig. 8. It is
detected that the sensitivity rises linearly as the NO2
concentration increases from 110 ppm to 220 ppm.
The linear correlation between the sensitivity and
the NO2 concentration may be because of the
availability of adequate number of sensing positions
on the film to perform upon the NO2. The
sensitivity at gas concentration below 165 ppm was
very low. The response time at gas concentration
165 ppm was around 4 sec and at gas concentration
220 ppm was 2 sec while the recovery time were 50
sec and 120 sec, respectively. Since SnO2:WO3
films are n-type semiconductor, the oxidizing NO2
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Figure 6. Refractive index vs wavelength of
SnO2:WO3 thin film.
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Figure 5. Extinction coefficient vs wavelength of
SnO2:WO3 thin film.
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molecules adsorbed on the oxide surface could
captivate electrons shape the conduction band and
form NO2 (32- 34). Our result is nearly similar to
that obtained by Bari and Patil (35).
Figure 9 illustrates the response time
change with operating temperature. The response
time for thin film sensor at low operating
temperatures was found to be lower than that of
bulk sensor. While at higher temperatures the bulk
sensor showed lower response time. In the present
work the response time is directly associated to the
grain size and the size of the particle boundary in
the sensor material.
Figure 10 shows the recovery time versus
operating temperature for thin film and bulk gas
sensors. The thin film sensor recovery time
increased with temperature up to 300°C, and then
starts to decrease. While the peak operating
temperature for bulk sensor exceeds the maximum
testing temperature at 400°C.
The sensor could be used to observe NO2 gas levels
in exhausts at ppm concentrations.

Figure 8. Sensitivity vs. working time for
SnO2:WO3 thin film at different gas
concentrations at 250 ℃
thin film

45

bulk

40
Response Time (s)

35

Conclusion:
The influence of the operation temperature
and gas concentration over the gas sensing
characteristics of SnO2:WO3 in thin film and bulk
form have been examined. XRD study revealed that
the obtained films were polycrystalline
with
tetragonal structure and the crystalline size to be
52.43 nm. Optical transmittance measurements
denote that the deposited thin films have band gap
energy equal to 2.5 eV which confirm that these are
good semiconducting films. The n-type nature of
the films detected from negative sign of the Hall
coefficient. These sensors were studied for NO2 gas
sensing and exhibited high sensitivity and fast
response and recovery times. The response time for
thin film sensor at low operating temperatures was
found to be lower than that of bulk sensor, while at
higher temperatures the bulk sensor showed lower
response time. Thin film is a superior in comparison
to bulk for sensitivity measurement. SnO2 doping by
WO3 is very operative for improving the gas
sensing properties of SnO2. The results denote that
the SnO2:WO3 sensors are hopeful for
manufacturing applications.
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Figure 9. Response time vs. operating
temperature for SnO2:WO3 thin film and bulk.

Figure 10. Recovery time vs. operating
temperature for SnO2:WO3 thin film and bulk.
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دراسه مقارنه للخصائص التحسسيه لغاز  NO2لغشاء رقيق و عينه كتليه من مادة  SnO2:WO3و
أستقصاء الخواص البصريه للغشاء الرقيق
حيدر جواد عبد األمير

1

مظفر فؤاد جميل الحلي

2

محمد خماس خلف

3

 1وزارة التربيه ،بغداد ،العراق
 2قسم الفيزياء ،كلية العلوم ،جامعة بغداد ،بغداد ،العراق
 3وزارة العلوم و التكنلوجيا ،دائرة بحوث المواد ،مركز بحوث الفيزياء التطبيقيه

الخالصة:
تم انجاز بحث مقارن لتحسسية الغاز من مادة  SnO2:WO3على شكل غشاء رقيق و عينه كتليه  .رسبت األغشيه الرقيقه على
ارضيات زجاجيه بتقنية التبخير الحراري .حضرت العينات الكتليه على شكل اقراص بكبس مسحوق  . SnO2:WO3لوحظ من خالل حيود
األشعه السينيه أن األغشيه متعددة التبلور و تمتلك تركيب رباعي الزوايا وبحجم بلوري  . 52.43 nmوجد أن سمك األغشيه يساوي 134 nm
 .تم دراسة الخصائص البصريه لألغشيه الرقيقه بأستخدام مطياف  UV-VISفي مدى من األطوال الموجيه  ، (200-1100) nmو كانت قيم
كل من فجوة حزمة الطاقه و معامل الخمود و معامل أنكسار الغشاء الرقيق  2.5 eVو  0.024و  2.51على التوالي .أكدت قياسات هول أن
األغشيه من نوع  . nلقد درست الخصائص التحسسيه لمادة  SnO2:WO3لغاز  NO2عند درجات حراريه مختلفه و لتراكيز مختلفه من غاز
 . NO2آظهر كل من الغشاء الرقيق و العينه الكتليه اقصى تحسس عند درجة حرارة  . 250 oCآظهرت متحسسات األغشيه الرقيقه استجابه
افضل مقارنة باألقراص.
الكلمات المفتاحيه SnO2 :المطعم ب  ، WO3أغشيه رقيقه ،اقراص ،متحسس غاز  ، XRD ، NO2مطياف . UV-Vis
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