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INTRODUCTION

The environmental pollution is the major problem of the
world for last many decades. The gases emitted by the industrial
units, vehicular traffic, volcanic eruptions, floods and salt mines
are the major contributors of the environmental pollution. Out
of all the gases being emitted by these sources, hydrogen sulphide
and liquefied petroleum gas (LPG) are the major pollutants of
the atmosphere. Hydrogen sulphide is present wherever there
is vegetative stink and stagnation and accumulation of water
i.e. in swamps and oil fields [1]. On the other hand, liquefied
petroleum gas is used widely in the household kitchens. Human
nose detects 0.02 ppm of H.S in air but proves fatal when inhaled
continuously for longer duration of time. Similarly, accidental
leakage of LPG and other hydrocarbon gases can result in the
formation of explosive mixture with air. Therefore, there is an
urgent need to detect these gases in parts per billion (ppb) levels
in air for the safety of environment. Due to the use of semicon-
ductor materials for gas sensor applications, the detection and
monitoring of hazardous gases has become easier over the other
technologies like gas layer chromatography (GLC) and FTIR
spectroscopy.

With respect to gas sensors, tin oxide is a wonderful
material as its properties can be varied to suit the gas sensing
applications. It is well known that the non-stoichiometric tin
oxide is an n-type semiconductor with a wide band gap of 3.6
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In this paper, pure and copper doped tin oxide thin films were grown on glass substrates by thermal evaporation technique for gas sensing |
applications. Optical, structural and gas sensing properties were investigated for their application for gas sensing applications. The
thickness of the samples was kept about 300 nm. The films were annealed at 400 °C for 4 h in the presence of air. The gas sensing studies
were carried out for hydrogen sulphide and ethanol gas. The sensitivity was quite high for hydrogen sulphide gas but little sensitivity

eV [2,3]. Tin oxide has high electrical conductivity due to the
presence of high concentration of oxygen vacancies. The cond-
uctivity of tin oxide also depends upon the type of gases present
in the atmosphere. Owing to these properties, tin oxide thin
films find applications in the fabrication of transistors, trans-
parent conducting electrodes for solar cells, protective coatings
on glassware in LCDs, LEDs, gas sensing materials and infrared
reflectors for glass windows, efc. [4-10]. It is worth to report
that a variety of gases like CO, NOx, hydrogen sulphide, H,,
methane, compressed natural gas (CNG) and liquefied petroleum
gas (LPG) have been tested for gas sensing applications on tin
oxide semiconducting materials [11-13].

Various techniques have been employed to deposit thin
films of tin oxide, both in doped and undoped form. These methods
include thermal evaporation, chemical vapour deposition, mag-
netron sputtering, laser ablation, spray pyrolysis and sol gel
and technology related to the deposition of thick films [14-21].
It has been observed by various researchers that the response
to a gaseous environment by a sensor depends upon stoichio-
metry of the material, size of the grains, structure of thin film
surface i.e. whether it is porous or not, number of imperfections
on the film surface, film thickness and temperature at which
the film is being tested for response. It has been further reported
that thin films of tin oxide show faster and higher response
towards the gaseous ambient than the thick films. This is probably
due to the fact that gas molecules interact well with the thin
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film surface as compared to the thick film surface [22-25]. Thick
films of SnO, doped with 5 % CuO were found to have very high
sensitivity of nearly 35000 for 50 ppm of hydrogen sulphide in
air at an operating temperature of 200 °C. The sensitivity of
the gas sensor is given by

S=x 1)

The films demonstrated recovery like a switch in 1 min
with a response time of 15 min [26,27]. In this paper, we
describe the deposition and optical, structural and gas sensing
properties of tin oxide thin films both in pure and doped form
by simple and cost effective technique such as thermal evaporation.

EXPERIMENTAL

The glass substrates were cleaned before deposition with
liquid soap, acetone and followed by ultrasonic cleaner to ensure
the removal of any kind of impurities (organic or inorganic).
The deposition of thin films was performed in a vacuum coating
unit fabricated by HINDHIVAC (Bangalore) India. The deposition
chamber of the coating unit was evacuated to a base pressure
of 1.5 x 10”° mbar. The glass substrates were heated resistively
at 60 °C during deposition as the film adheres very well with the
heated substrates. The source to substrate distance was kept at
about 20 cm. A tin piece and a copper piece were evaporated
simultaneously in a molybdenum boat. Two types of films were
deposited, one having 3.5 % copper and other 5 % copper as a
dopant by weight. During deposition, the current passing through
the boat was about 50-60 amperes, deposition time was kept
16-18 min with a deposition rate of 3.0-3.5 A/s. The thickness
of both the types of films was determined by quartz crystal
monitor and kept at 300 nm.

RESULTS AND DISCUSSION

Optical characteristics: Figs. 1 showed the wavelength
versus absorption characteristics of 3.5 % copper doped and 5
% copper doped SnO, thin films. In Fig. 1(a), maximum
absorption occured at a wavelength of 373 nm while in Fig.
1(b) maximum absorption occured at 296 nm. The absorption
values are constant in the visible range. The decrease in maxi-
mum absorption value with increasing copper content is due
to increase in the density of copper atoms in tin oxide matrix.

The absorption coefficient of thin films was determined
from the following formula:

2.303A
o= @)
t

Fig. 2 shows the direct band gaps of pure and 3.5-5 %
Cu-doped thin films. It has been found that band gap of all the
types of films lie between 3-4 eV which is in agreement with
the literature [28-30]. The copper doping appears to have no
effect on the direct band gap which is in accordance with as
reported in the literature [31].

Structural characteristics: The structural characteristics
of thin films were determined with X-ray diffraction technique.
Fig. 3 showed the X-ray diffractograms for thin films of pure
tin oxide, tin oxide thin films doped with 3.5 % Cu and tin
oxide thin films doped with 5 % Cu. XRD measurements were
carried out using X'PERT-PRO diffractometer (PAN-Analytical,
United Kingdom) with CuKo: wavelength of 1.54 A. The diffra-
ction patterns were measured in the diffraction angle range of
0-80° for all the samples. The appearance of well defined peaks
at almost similar angles of 20 indicates the presence of crystalline
rutile structure [32]. Various peaks were observed in the diffrac-
tographs, namely 210(022), 250(110), 300(020), 320 (101),
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Fig. 1. Variation of absorption with increasing wavelength for 3.5 % Cu doped SnO; (a) and 5 % Cu doped SnO, (b)
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Fig. 2. Direct band gaps of pure tin (a); 5 % Cu doped SnO, (b) and 3.5 % Cu doped SnO, (c)
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Fig. 3. X-ray diffractograms of pure tin (a); 3.5 % Cu doped SnO, (b) and 5 % Cu doped SnO; (c)

340(101),380(200) and 520(211). The peaks at 210, 320 appeared
specifically in the diffraction patterns of Cu-doped SnO, thin
films. This data corresponds well with Joint Committee on
Powder Diffraction Standards (JCPDS) card no. 88-0287. The
sharpness and well defined nature of diffraction peaks indicate
that the thin films are highly crystalline in nature. From all the
diffractographs, it has been observed that the peak intensity is
highest for the peak appearing at an angle of 21°. This points
to the fact that Sn atoms preferred the (022) plane and formed
a rutile structure making bonds with oxygen atoms. Present
films showed negligible reflectance indicating that the films
grown by technique are of high purity. The grain size of thin
films was calculated using Debye-Scherrer equation:

kA
" BcosH @)

where "k" is called shape factor whose value lies between 0.8-
1.39 (usually taken as 0.94), A is the wavelength of radiation,
B is called FWHM (Full width at half maximum) in radians, 6
is the position of maximum of diffraction [32]. From the above
formula, the size of the grains was found to be a few nanometers
which make these films suitable for gas sensing applications.

Gas sensing characteristics: The gas sensing character-
istics of thin films were measured by an indigenously made
two probe set up made in a dessicator having volume of nearly
11L.

The hydrogen sulphide with various concentrations was
injected with ordinary syringes into the dessicator. The changes
in the current and hence corresponding changes in resistance
through thin film elements was continuously monitored by an
auto-ranging digital pico-ammeter (Keithley Make, USA). Fig.
4 shows the sensor signal as a function of gas concentration at
three operating temperatures. The signal falls with increasing
temperature and was as high as 3.6 x 10° at 160 °C for 50 ppm
of H,S. The 80 % response time at this operating temperature
was about 10 min and on the removal of gas, time, T, taken
for the sensor signal to fall to 1/100th of its value in the presence
of H»S gas was ~ 3 min.

Fig. 5 shows the typical response and recovery plots for
50 ppm HoS gas at three operating temperatures. It is clear from
that both the response and recovery times improve with increase
in operating temperature. At 200 °C, 80 % response time for
the sensor element was only 4 min and T, was about 1 min.
The 100 % recovery time at 160 °C was nearly 84 min, while
it decreased to only 18 min at 200 °C. An H,S sensor should
be able to detect a few ppm levels of H,S gas with high sensi-
tivity. It is, therefore, important to measure the sensor charact-
eristics at very low (< 10 ppm) H,S concentrations. This CuO
SnO; thin film element has an H,S signal of about 600 for 5 ppm
H.S at 160 °C. The 80 % response time was 6 min and on the
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Fig. 4. Variation of H,S sensor signal with gas concentration at different
operating temperatures
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Fig. 5. Typical sensor response and recovery transients for 50 ppm of H,S
at three different operating temperatures

removal of gas, time, Tig, Was about 19 min, while the 100 %

recovery time at this temperature was nearly 74 min.
Mechanism of gas sensing: It is well known that non-

stoichiometric SnO; is an n-type semiconductor while CuO is
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a p-type semiconductor. They form p-n junctions having high
resistance. The high sensitivity of Cu-doped thin films towards
hydrogen sulphide gas is based on the metal like conductivity
of CuS on exposure to hydrogen sulphide according to the
following chemical reaction:

CuO + H,S —— CuS + H,O (@)

The p-n junctions are ruptured on exposure to H,S leading
to the formation of CuS and resulting in decrease of electrical
resistance. During recovery, CuS is converted back to CuO on
exposure to ambient air according to the following reaction
[26,33]:

2CuS + 30,—— 2CuO + 250, 5)

Present SnO; thin films did not show any response towards
even 1000 ppm of ethanol gas. The mechanism to explain the
decrease in the resistance of pure SnO, thin films on exposure
to H,S gas was suggested by Capehart and Chang [34]. The
little sensitivity towards hydrogen sulphide of pure SnO, is
explained as follows. As mentioned above, non-stoichiometric
SnO,. is an n-type semiconductor. On exposure to HsS, the
following reversible reaction is believed to take place on the
surface of SnO. species (eqn. 6)

SnO,. + AH,S === SnO,..3s + AH,O + ASO; + 6Ae™ (6)

Conclusion

The fabrication of gas sensor for hydrogen sulphide is
developed using pure and copper doped tin oxide thin films
prepared by a simple method of thermal evaporation. It is
concluded that the films had particle size of a few nanometers
and sensing action depends upon the breakage of SnO,-CuO
pn junctions on exposure to hydrogen sulphide gas. The films
were quite selective to hydrogen sulphide and virtually no
sensitivity towards ethanol and LPG gases.
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