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Sensing  response  characteristics  of  bare  SnO2 thin  film  and  SnO2–CuO  multilayered  structures  having
different  CuO  content  (3 vol%,  6  vol%  and  12  vol%)  towards  20  ppm  H2S gas  has  been  studied.  SnO2–CuO
multilayered  structure  having  an  optimum  amount  of 3  vol%  CuO  is  found  to  exhibit  a  high  response
of  2.7  ×  104 at  a  relatively  low  operating  temperature  of  140 ◦C,  with  a  fast  response  time  (t90)  of 2  s.
vailable online 3 March 2012
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The  enhanced  sensing  response  and  the  fast  response  speed  are  due  to  the  porous  microstructure  of  the
deposited thin  films  in  the multilayered  sensor  structures  and  the  spill-over  of  the  dissociated  H2S  gas
molecules  by  the  CuO  layers  on  the  surface  of  sensing  SnO2 layers.

© 2012 Elsevier B.V. All rights reserved.
ulsed laser deposition

. Introduction

Hydrogen sulfide (H2S) is a toxic gas with an offensive odour and
an cause dizziness, nausea, vomiting, irritation of the eyes and
espiratory tract and in extreme cases even dangerous to human
ife. Recently there have been a few major accidents due to leak-
ge of H2S gas leading to numerous human casualties. Therefore
etection of H2S is of immense importance in the areas of oil and
atural gas exploration, hygiene control in the field of dentistry,
harmaceutical industries and automatic ventilation unit. Semi-
onducting SnO2 is the most widely used gas sensing elements
here suitable metal or metal oxide additives are exploited for

mproving the response characteristics along with selectivity for a
articular gas [1–3]. Enhanced sensing response characteristics for
2S gas have been reported for SnO2 thin film based sensors using
arious catalysts including CuO, Ag, Fe, etc. [3–6]. Amongst them,
uO is identified to be the most promising for detecting H2S gas
fficiently [5–8]. In general, the operating temperature of the sen-
or structures is found to be high, though few reports exist where
igh response (S > 103) is reported for low concentration of H2S, but
oor response speed (2–175 min) is the limitation [7,8].

The results obtained by various workers on SnO2–CuO com-

osite structures towards detection of H2S gas are summarised in
able 1. High sensing response at low operating temperatures along
ith fast response speed are the most desirable characteristics for
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the fabrication of an efficient gas sensor. The growth kinetics of the
sensing film and the nature of dispersal and quantity of the cata-
lyst are reported to influence the response characteristics for H2S
gas sensor to a great extent [6–15]. There are reports where CuO
catalyst is dispersed either in the form of islands or as continu-
ous layer on the surface of SnO2 film prepared by sputtering and
an improvement in the operating temperature has been reported
with reasonably high sensor response towards H2S gas [15,21].
Few reports are available where bi-layer structures of SnO2–CuO
have been prepared for gas sensing applications by evaporation
and PECVD technique, however, either the operating temperature
is too high or the response is low for higher gas concentrations
[12,20]. Efforts have also been made towards the preparation of
sensor structures after incorporating CuO in the bulk of SnO2, but
the enhancement in response was  not promising [8,16,20,23]. How-
ever, to the best of our knowledge, no efforts have been made
towards the preparation of multilayered structures of porous SnO2
thin film with the catalytic layers for detection of H2S gas besides
the fact that change in the sensor resistance with the interaction of
target gas involve the contribution from the entire thickness of the
sensing element.

Since gas sensing is a surface phenomenon, the porous
microstructure of the sensing element is expected to yield bet-
ter response characteristics as the target gas molecules diffuse
deeper in bulk of the sensing film and interact with large area.
The presence of porosity in the sensing layer depends mainly on

the growth kinetics. The efficient response characteristics of the
sensor depends on the optimization of processing conditions for
obtaining porous sensing layer besides the novel design structure.
Therefore, the dispersal of CuO catalyst in the interior of the porous

dx.doi.org/10.1016/j.snb.2012.02.076
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Table 1
Some important reports on SnO2–CuO based sensors for H2S gas.

Sensing material Technique used Gas conc. (ppm) Response Response
time (s)

Recovery
time (s)

Operating
temp (◦C)

Ref.

CuO–SnO2 Pulsed laser deposition 20 2.3 × 103 – – 100 [6]
CuO–SnO2 nanowires Chemical route 20 809 ∼2 ∼300 300 [5]
SnO2–CuO nanowires Furnace + drop casting 50 6 × 106 – – 150 [9]
Cu–SnO2 Electrostatic sprayed 10 2.5 × 103 – – 100 [10]
CuO–SnO2 Screen printing 1 8 × 103 15 – 50 [11]
Cu/Sn  double layer Thermal evaporation 3 33 – – 200 [12]
CuO  modified SnO2 nanoribbons Oxidation 3 180 15 – RT [13]
SnO2–ZnO–CuO thick films Screen printing and firing 50 6 × 104 15 7–8 min 250 [14]
CuO  islands on SnO2 Reactive sputtering 20 7.4 × 103 15 118 150 [15]
SnO2–CuO composite Thermal evaporation 50 2.5 × 104 80 100 200 [8]
CuO–SnO2 Co precipitation 200 ∼900 8(t63) 2(t63) 77 [16]
Cu-doped SnO2 Spray pyrolysis 1000 910 10 25 min  200 [17]
CuO–SnO2 Thermal evaporation 50 3.6 × 105 10 min(t80) 3 min(t80) 160 [18]
CuO-doped SnO2 Thermal evaporation 10 ∼106 2 min (t80) 30 min 200 [7]
Cu  nanocluster functionalized SnO2 film Spray pyrolysis 400 200 60 6 h RT [19]
SnO2–CuO–SnO2 composite film PECVD 50 210 45 41 90 [20]
SnO2–CuO Magnetron sputtering 100 1.6 × 104 1 min(t70) – 170 [21]
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SnO2–CuO Low pressure evaporation 10 

SnO2–CuO Spray pyrolysis 100 

nO2 sensing film in a suitable manner is expected to deplete the
ntire thickness of sensing layer and helps in getting the enhanced
esponse.

Pulsed laser deposition (PLD) is well known growth technique
o produce high quality metal oxide thin film where the poros-
ty can be easily controlled along with in situ dispersal of catalyst
n the sensing layer. Recently, it was identified that PLD grown
nO2 thin films owing to their favourable morphology gives bet-
er response for H2S gas compared to the one deposited using rf
puttering technique [6].  However, to the best of our knowledge,
o report is available on the development of multilayered sensor
tructures of porous SnO2 with the catalysts for detection of H2S
as.

In the present work an effort has been made to prepare a porous
nO2–CuO multilayered sensor structures using PLD technique. The
hickness of CuO catalytic layers in the multilayered structure is
ptimized for the enhanced response characteristics towards H2S
as. The proposed multilayered structure is expected to yield better
esponse characteristics due to excellent electronic and chemical
nteraction of SnO2 with CuO catalyst under interaction with H2S
as molecules.

. Experimental

The thin film of SnO2 and SnO2–CuO multilayer structures have
een deposited on the corning glass substrate using PLD tech-
ique. The Inter digital electrodes (IDEs) of Platinum (Pt) were
atterned on the corning glass substrate using conventional pho-
olithographic technique prior to the deposition of sensing films.
he Pt layer of 90 nm thickness was deposited by rf sputtering
echnique in Argon ambient and a buffer layer of Ti (20 nm)  was
rown prior to Pt for improvement in the adhesion on corning
lass substrate. For the deposition of SnO2 thin film and SnO2–CuO
ultilayered structures, ceramic pellets of SnO2 and CuO were pre-

ared by pressing the high purity powders (99.99% pure) using
 dye (2.5 cm diameter) by applying a pressure of 110 MPa. The
nO2 and CuO pellets were sintered at 1350 and 400 ◦C, respec-
ively for 4 h in a temperature controlled furnace. Thin film of
nO2 and SnO2–CuO multilayer structures were prepared using

LD technique onto IDE/glass substrate at an oxygen pressure of
00 mT  without any substrate heating. The fourth harmonic of
d:YAG laser (� = 266 nm)  at a pulse rate of 5 Hz and fluence of
.2 J cm−2 was  used to ablate the ceramic targets. A schematic of
∼4 × 102 – – 200 [22]
104 14 min  – 150–160 [23]

both the sensor structures prepared in the present work is shown
in Fig. 1. The total thickness of all prepared sensors (bare SnO2 thin
film and SnO2–CuO multilayered structure) was fixed at 90 nm.
SnO2–CuO multilayered sensor structure was  fabricated by ablating
the SnO2 and CuO targets sequentially. Ten layers of each material
was  deposited by varying number of laser pulses for the respective
targets while maintaining the total number of laser shots fixed at
3300. The multilayered (SnO2–CuO) sensor structures having CuO
content of 3 vol%, 6 vol% and 12 vol% were obtained respectively by
using 320, 310, and 290 shots for SnO2 for each layer while 10, 20,
and 40 shots for each layer of CuO. The percentage doping of CuO (in
volume percentage) in the multilayered (SnO2/CuO/SnO2/. . ./CuO)
sensor structure was  calculated from the thickness of the indi-
vidual SnO2 and CuO thin films after calibration with respect to
the number of shots of laser pulses. Thin films of both SnO2 and
CuO were deposited separately using 300 laser shots under opti-
mized processing conditions and their thickness were measured
using surface profiler. The thickness of each layer (SnO2 or CuO) in
the multilayered structure was  obtained from the number of shots
of the laser pulses used for respective target, and subsequently
the volume percentage of the CuO in multilayered sensor struc-
ture was  determined. The bare SnO2 thin film sensor is labelled
as C0, whereas SnO2–CuO multilayered sensor structures having
3 vol%, 6 vol% and 12 vol% CuO content were labelled as CI, CII and
CIII, respectively. All the prepared sensor structures (C0, CI, CII and
CIII) were annealed in air at 300 ◦C for 2 h to stabilize the sen-
sor resistance [6]. The crystallographic structure of prepared thin
films was  studied using X-ray diffractometer (Bruker D8-Discover,
Germany) using Cu K�1 source. Optical properties of the sens-
ing layer were investigated using UV–visible spectrophotometer
(PerkinElmer lambda 35, USA). The microstructure of the sensor
surface was studied using atomic force microscopy (AFM, Veeco
DICP2, USA). The thickness of thin films was  measured using surface
profilometer (Dektak 150, VEECO, USA). The sensing response char-
acteristics of the prepared sensors were obtained in a special design
test gas chamber over a wide temperature range (80–260 ◦C). The
sensor resistance was measured using a digital multimeter (Keith-
ley 2002) interfaced with a PC for data acquisition. At a specific
temperature, the sensor was  first stabilized under clean dry air.
After attaining a stable resistance (Ra) the test chamber was  first

evacuated and subsequently synthetic dry air mixed with required
concentration of target gas (H2S) was made to flow using cali-
brated leaks through needle valves, till the test chamber acquired
the atmospheric pressure. During recovery study, the target gas
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Fig. 1. Schematic of the prepared sensor structures (a

as flushed out of the test chamber by creating vacuum again and
lean dry air was introduced. The sensing response of a sensor for
educing gas is defined as S = Ra/Rg, where Ra is the sensor resis-
ance in clean dry air, and Rg is the sensor resistance measured in
he presence of reducing gas (H2S).

. Results and discussion

The as-deposited SnO2 thin films were found to be transpar-
nt and strongly adherent to the substrate. From the XRD analysis,
t is noted that the as-deposited SnO2 thin films were amorphous
nd becomes polycrystalline after post-deposition annealing treat-
ent in air at 300 ◦C for 2 h. Fig. 2 shows the XRD pattern of all

he prepared sensor structures (C0, CI, CII and CIII) subject to a post
eposition annealing treatment. Broad and well defined XRD peaks
ere observed for sample C0 at 2� = 26.5◦, 33.9◦, 38.1◦ and 51.8◦

Fig. 2) corresponding to (1 1 0), (1 0 1), (2 0 0) and (2 1 1) planes of
he rutile structure of SnO2, respectively [1].  The obtained results
onfirm the formation of a single phase and polycrystalline SnO2
hin film after a post-deposition annealing treatment. It is also
mportant to note from Fig. 2 that a small XRD peak starts appearing

n the multilayered structures (CI, CII, and CIII) at around 2� = 35.4◦

nd was corresponding to the (0 0 2) plane of CuO [5].  The inten-
ity of this XRD peak (0 0 2), starts increasing with increase in CuO

ig. 2. XRD pattern of the SnO2 thin film based sensor structures (C0, CI, CII and
III).
 SnO2 film and (b) SnO2–CuO multilayered structure.

content in the multilayered structure and becomes prominent for
sample CIII (12 vol% CuO content). The presence of XRD peaks corre-
sponding to both SnO2 and CuO confirm the formation of SnO2–CuO
composite sensor in the form of multilayered structure. The value
of crystallite size of sensing SnO2 film was  evaluated using the well
known Scherrer formula d = K�/  ̌ cos �, where K is 0.94, � is X-ray
wavelength (1.5406 Å),  ̌ is full width at half maxima (FWHM) of
(1 0 1) XRD peak, and � is the corresponding diffraction angle. The
estimated value of the crystallite size for SnO2 thin film was around
8 nm.  The FWHM of (1 0 1) XRD peak was found to increase in the
multilayered sensor structure with increase in the CuO content
(Fig. 2). A slight decrease in the grain size is observed from 8 nm
to 5 nm for the SnO2–CuO multilayered structure having 12 vol%
CuO with respect to that of bare SnO2 thin film.

Fig. 3 shows the UV–visible spectra of the SnO2 thin film and
all prepared multilayered sensor structures. SnO2 thin film was
found to be highly transparent (∼80%) in the visible region with
the onset of a sharp absorption edge at around 350 nm (Fig. 3). A
slight decrease in the transmittance was noted with the increase
in CuO content in the multilayered structure. The optical bandgap
(Eg) of films was evaluated by extrapolating the linear portion of
Tauc plot between (˛h�)2 versus h� to  ̨ = 0, where  ̨ is the absorp-

tion coefficient and h� is the photon energy. Estimated value of the
bandgap was  around 3.98 eV for the SnO2 thin film (sample C0) and
is in good agreement with the values reported by other workers for
SnO2 thin films [24,25].  The value of bandgap decreases slowly from

Fig. 3. Transmission spectra of the sensor structures (C0, CI, CII and CIII).
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Fig. 4. 3D AFM images of the surfa

.98 eV to 3.93 eV with the increase in CuO content in the SnO2–CuO
ultilayered structure from 3 vol% to 12 vol% (inset of Fig. 3). The

ower value of band gap obtained for the SnO2–CuO multilayered
tructure is attributed to the fact that CuO has relatively lower value
f bandgap (1.2–1.9 eV) in comparison to that of SnO2 (3.6–4.2 eV)
24–27].

Fig. 4(a–d) shows the AFM images of the surface of all the
repared sensor structures (C0, CI, CII, and CIII). The surface mor-
hology of all prepared samples was found to be rough and porous.
he SnO2–CuO multilayered structure (Sample CI) having 3 vol%
uO shows the maximum root mean square roughness (30 nm)  and

he porosity in comparison to that of other sensor structures (Fig. 4).
he 2D AFM images of the surface of samples C0 and CI is shown
n Fig. 5. It can be noted from Fig. 5 that the surface morphology
f sensor CI (3 vol% CuO) has a higher porosity in comparison to

Fig. 5. 2D AFM images of
ensors samples C0, CI, CII and CIII.

that observed in sensor CI (bare SnO2 film). The porosity and sur-
face roughness is seen to be decreasing with further increase in
the content of CuO (>3 vol%) in the multilayered structure (Fig. 4),
and may  be attributed to the decrease in grain size. The presence
of large amount of porosity and high surface roughness for sample
CI seems to be advantageous for obtaining the enhanced response
due to availability of large area of sensing layer for interaction with
the target gas molecules.

3.1. Sensing response characteristics
Sensing response characteristics of the bare SnO2 thin film (Sam-
ple C0) and CuO–SnO2 multilayered structures (Samples CI, CII
and CIII) were investigated over a temperature range of 80–260 ◦C
for 20 ppm of H2S gas and are shown in Fig. 6. The response of

 sensors C0 and CI.
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ig. 6. Variation of response with temperature for sensors C0, CI, CII and CIII towards
0 ppm H2S gas.

ll prepared sensors increases initially with increase in tempera-
ure, attaining a maximum response at a particular temperature
TOP) and thereafter shows a decrease. The maximum response of
are SnO2 thin film sensor (C0) was about 1.5 × 102 at an oper-
ting temperature of 200 ◦C. The sensor response was found to
ncrease by about two orders of magnitude along with a reduc-
ion in the operating temperature after integration of CuO thin
lm with SnO2 layer in the multilayered sensor structures (Sam-
les CI, CII, and CIII) (Fig. 6). The observed results indicate the

mportance of introduction of catalytic CuO layer in the SnO2 based
2S gas sensors towards both the enhanced response and lower
perating temperature. The sensing parameters including sensor
esponse, response time and operating temperature obtained for
ll prepared sensor structures towards 20 ppm H2S gas at their
espective operating temperatures are presented in Table 2. The
nO2–CuO multilayered structure (Sample CI) having 3 vol% CuO
xhibits the maximum sensing response of 2.7 × 104 for 20 ppm
2S at a relatively much lower operating temperature (140 ◦C).
he sensing response characteristics (high response, low operat-
ng temperature and fast response speed) obtained for sample CI
re much superior compared to the corresponding reported results
y other workers for composite SnO2–CuO structures (Table 1). The
bserved high response for the prepared multilayered sensor struc-
ure is attributed to the distribution of optimum content (3 vol%) of
uO layers within the porous SnO2 layers thereby resulting in the
aximum modulation of space charge region extended through-

ut the sensing layer with the interaction of target gas (H2S). It
s interesting to note from Fig. 6 and Table 2 that with further
ncrease in the CuO content in the multilayered structures (Sam-
les CII and CIII), a decrease in the sensor response is observed
long with an increase in the operating temperature (150 ◦C and
60 ◦C). The observed decrease in the sensor response with increase

n CuO content in the multilayered structure can be correlated

ith the decrease in porosity of the films. As the porosity of the
lm decreases, less number of H2S gas molecules can diffuse into
he interior of the sensing layer, therefore, interaction of H2S gas

able 2
he sensing response parameters obtained for sensors C0, CI, CII, and CIII.

Sample Operating temp. (◦C) Ra (�) 

C0 200 3.9 × 106

CI 140 9.8 × 107

CII 150 6.5 × 107

CIII 160 2.3 × 108
Fig. 7. Variation of (a) resistance (Ra) as a function of temperature for the sensors
C0, CI, CII and CIII in air (b) resistance (Rg) with temperature for the sensors C0, CI,
CII  and CIII in the presence of 20 ppm H2S gas.

molecules with sensing element reduces thereby giving lower sen-
sor response (Fig. 6).

Fig. 7(a) shows the variation of sensor resistance measured in
atmospheric air (Ra) for all the samples (C0, CI, CII and CIII) as a
function of temperature. It may be seen that the resistance (Ra) of
all the sensor structures decreases with an increase in temperature
and is in accordance with the semiconducting behaviour of metal
oxide (SnO2 and CuO) thin films. The initial resistance (Ra) of the
SnO2 thin film sensor increases by about an order of magnitude
(Fig. 7(a)) with the incorporation of CuO layer (multilayered sen-
sor structure). It is well known that CuO is a p-type semiconductor,
whereas SnO2 is an n-type, therefore p–n junctions are formed at
the interfaces of CuO–SnO2 in the multilayered sensor structures.
The formation of space charge regions at the CuO–SnO2 interfaces
result in a decrease in the concentration of electrons in the conduc-
tion band of SnO2 thin film thereby giving a higher value of sensor
resistance (Ra) for the multilayered structures. Also the presence of
CuO catalyst leads to an accelerated activity of adsorption of oxygen
the capturing of electrons from the conduction band of SnO2 by
the adsorbed oxygen also increases [15]. The combined effect of
these two factors (formation of p–n junctions and adsorbed oxygen)

Rg (�) Response time (t90) (s) Response

2.6 × 104 4 1.4 × 102

3.6 × 103 2 2.7 × 104

1.5 × 104 2 4.3 × 103

1.5 × 105 3 1.5 × 103
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esults in a higher sensor resistance for the SnO2–CuO multilay-
red structure in comparison to that of bare SnO2 thin film sensor
Fig. 7(a)). It is important to note from Fig. 7(a) that the sensor resis-
ance (Ra) increases continuously with increase in CuO content in
he multilayered structures. The observed increase in Ra is due to
ncrease in the depletion width at the CuO–SnO2 interfaces along

ith enhanced oxygen adsorption activity on the sensor surface as
ore content of CuO catalyst is present in the multilayered sensor

tructure.
A hump in the variation of sensor resistance (Ra) with temper-

ture for C0 sample is observed at around 220 ◦C (Fig. 7(a)), which
s attributed to the enhanced adsorption activity of oxygen and
he conversion of adsorbed molecular oxygen (O2¯) to atomic oxy-
en (2O¯) at elevated temperature [15,28]. For multilayered sensor
amples (CI, CII and CIII), the region of enhanced oxygen adsorption
s observed in the lower temperature region of 120–180 ◦C. In the
nO2–CuO multilayered sensors, CuO layers are embedded within
he SnO2 layers throughout the porous sensor structure. Therefore

 continuous chain of p–n–p–n junctions is formed in the multilay-
red structure and the entire sensor structure is expected to have
he space charge region.

The variation of sensor resistance in the presence of 20 ppm
arget H2S gas (Rg) for all prepared sensor structures is shown in
ig. 7(b). It is observed that the sensor resistance (Rg) in the pres-
nce of H2S gas is reduced by about two orders in magnitude as
ompared to the resistance measured in air (Ra) for bare SnO2 thin
lm sensor (C0). However, the observed decrease in sensor resis-
ance (Ra to Rg) for multilayered structures (CI, CII and CIII) with the
nteraction of H2S gas was more than three orders in magnitude at
heir operating temperature (Fig. 7). The fall in sensor resistance (Ra

o Rg at T = TOP) was found to be maximum for sample CI, whereas
tarts decreasing with increase in CuO content in the multilay-
red structure (Samples CII and CIII). The observed behaviour is
n accordance with our earlier discussion related to the importance
f porosity in obtaining the enhanced sensing response due to dif-
usion of more H2S molecules into the interior of the sensing layer
nd providing large surface area for interaction. The decrease in
ensor resistance from Ra to Rg is due to the interaction of target
as molecules with the adsorbed oxygen on the surface of SnO2
ayers. The desorbed oxygen releases the trapped electrons and
herefore a significant decrease in the sensor resistance from Ra to
g is observed. The availability of large concentration of adsorbed
xygen on SnO2 surface and the modulation of depletion region at
he CuO–SnO2 interface in the multilayered sensor structures (CI,
II and CIII) are expected to result in much higher decrease in the
ensor resistance from Ra to Rg with H2S gas interaction. On expo-
ure to the multilayered sensor with reducing target gas H2S, the
uO catalyst converts to CuS by the following reaction

2S(g) + CuO(s) → CuS(s) + H2O(g) (1)

CuS is less p-type relative to CuO and therefore the width of
he space charge region in the SnO2 layer (at CuO–SnO2 inter-
ace) is reduced. The reduction in depletion region facilitates the
asier flow of electrons through the sensing SnO2 layer, resulting
n a lower value of the sensor resistance with interaction of H2S
as. As the percentage of CuO in the multilayered sensor structure
ncreases the porosity starts reducing, which restricts the diffusion
f H2S molecules deeper inside the sensing film. Therefore, deple-
ion width of the p–n junctions available near the sensor surface
re modulating with the interaction of H2S gas molecules while
hose available deeper in the sensor structures are not disrupted.
s a result, SnO2–CuO multilayered structure having more con-
ent of CuO (samples CII and CIII) shows relatively less decrease
n resistance from Ra to Rg when target H2S gas interacts with the
ensor surface. The multilayered sensor structure having 3 vol% CuO
Sample CI) shows a maximum response (2.7 × 104) amongst all
Fig. 8. Variation of resistance of the sensors C0, CI, CII and CIII with time at their
respective operating temperature.

the sensor structures at a relatively lower operating temperature
of 140 ◦C. This is due to the porous microstructure of CI sample,
resulting in more diffusion of H2S gas molecules in the interior of
multilayered sensor. The interaction of H2S gas results in modu-
lation of the depletion width of the p–n junctions at CuO–SnO2
interfaces in sample CI to the maximum extent besides the release
of trapped electrons in large amount by the oxygen desorbed from
sensing SnO2 layer. It is important to point out that the CuO cata-
lyst is known to spillover the H2S gas molecule over the surface of
sensing SnO2 layer [15] and therefore interact effectively in large
amount with the adsorbed oxygen molecules in multilayered sen-
sor (Sample CI). It is also interesting to note from Fig. 6 that the
sensor CI exhibits a moderate response ∼6.2 × 103 at even lower
operating temperatures (80 ◦C) with a fast response time of 3 s.
Therefore the sample CI could also be utilized at low temperature
with efficient response characteristics.

The variation in resistance of four sensor structures (C0, CI, CII
and CIII) with the interaction of H2S gas (20 ppm) at their operating
temperature is shown in Fig. 8 as a function of time. All the sensors
achieve 90% of the change in resistance from Ra to Rg in a very
small time (2–4 s) and subsequently saturate to a minimum value
of Rg. The tailing end of the sensor resistance towards minimum
saturation value (Fig. 8) is due to the diffusion of the target gas
(H2S) molecules into the interior of porous sensing film, which is
a slow process. It can be observed from Fig. 8 that the response

time (t90) for the SnO2–CuO multilayered structures are lower in
comparison to that of bare SnO2 thin film sensor. Furthermore, the
response time shows a slight increase (2–3 s) with increase in CuO
content in the multilayered structure and may  be attributed to a
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Fig. 9. Variation of the response of sensor CI as a function of H2S gas concentration.
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nset shows the change in sensor resistance with time with the interaction of varying
2S gas concentration.

ecrease in the porosity of sensing film (Fig. 8). As the porosity of
ensing film is decreasing, the target gas molecules are expected
o take more time to diffuse in the interior of the sensing layer,
hereby resulting in higher response time.

It may  be noted that the short term (15 min) and long term (8 h
ime weighted average) exposure limit for H2S gas at the workplace
s 5 ppm and 1 ppm respectively as per the report of the American
onference of Governmental Industrial Hygienists (ACGIH) 2010.
he optimized multilayer sensor structure fabricated in the present
ork has been studied for the variation in sensing response with

arying concentration of H2S gas over the range 2–20 ppm (Fig. 9).
he sensing response was found to increase almost linearly from
.02 × 103 to 2.70 × 104 with increase in H2S gas concentration
rom 2 ppm to 20 ppm (Fig. 9), indicating the applicability of the
repared sensor structure for the real field application. Inset of
ig. 9 shows the variation of sensor resistance for the sample CI
ith varying concentration of H2S gas from 2 ppm to 20 ppm at its

perating temperature (140 ◦C). The behaviour of change in sensor
esistance from Ra to Rg was found to be similar over the entire mea-

ured range of H2S gas concentrations. The sensor regains the initial
esistance value (Ra) quickly after removal of target H2S gas (inset
f Fig. 9). It is important to note from Fig. 9, that the sensor CI has

ig. 10. Cross sensitivity study at operating temperature of the sensor CI (140 ◦C)
ith H2, CH4, LPG and NH3 gases.
ators B 166– 167 (2012) 378– 385

the remarkable response (1.02 × 103) to a very low concentration
(2 ppm) of the H2S gas also. Therefore, the SnO2–CuO multilay-
ered sensor structure fabricated in the present study with 3 vol%
content of CuO catalyst has the potential of detection of H2S gas
efficiently over a wide concentration range with enhanced response
characteristics.

The selectivity study was  also carried for multilayered sensor
structure having 3 vol% CuO catalyst (Sample CI), towards other
interfering gases (H2, CH4, LPG, NH3) and the obtained response for
different gases is shown in Fig. 10.  The concentration of all inter-
fering gases is kept higher (2000 ppm), while the concentration of
H2S gas is fixed at 20 ppm. It may  be seen from Fig. 10 that the mul-
tilayered sensor (CI) is highly selective towards the H2S gas only,
while other interfering gases give negligible response (∼1) even for
their high concentrations.

4. Conclusion

The SnO2–CuO multilayered sensor with 3 vol% CuO content
exhibits enhanced response characteristics for H2S gas over the
concentration range from 2 ppm to 20 ppm. The sensing response
of bare SnO2 thin film sensor was 1.4 × 102 with a response time
of 4 s at an operating temperature of 200 ◦C. The integration of
CuO layers with SnO2 thin films results into enhanced response by
two  orders in magnitude. Maximum response of 2.7 × 104 towards
20 ppm H2S was  achieved for multilayered sensor structure having
3 vol% CuO with a relatively fast response time of 2 s. The observed
enhanced response characteristics towards H2S gas is attributed
to the twin effect of the modulation of depletion width at the
p–n junctions of CuO–SnO2 interfaces and the accelerated oxygen
adsorption activity on SnO2 film due to the presence of CuO cat-
alyst in the multilayered sensor structure. Porosity of the films is
important that allows the diffusion of large concentration of tar-
get gas molecules into the interior of multilayered sensor structure
and thus providing enhanced interaction of sensing layer with the
target gas molecules.
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