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Abstract: A series of In1-xCrxO3 composites, with x ranging from 0.01 to 0.5wt% were prepared by 
mechanochemically starting from InCl3 and CrO3. Structural and micro structural characteristics of the 
sample were investigated by XRD, SEM with EDAX. Thick films of pure Indium Oxide and 
composites were prepared by standard screen printing technique. The gas sensitivity of these thick 
films was tested for various gases. The pure Indium Oxide thick film (x=0) shows maximum 
sensitivity to ethanol vapour (80 ppm) at 350 oC, but composite-A (x=0.01) thick film shows 
maximum sensitivity to H2S gas (40 ppm) at 250 oC, composite-B (x=0.1) thick film shows higher 
sensitivity to NH3 gas (80 ppm) at 250 oC and composite-C (x=0.5) thick film shows maximum 
sensitivity to Cl2 gas (80 ppm) at 350 oC. A systematic study of gas sensing performance of the sensors 
indicates the key role played by concentration variation of Cr doped species. The sensitivity, 
selectivity and recovery time of the sensor were measured and presented. Copyright © 2011 IFSA. 
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1. Introduction 
 
The release of various chemical pollutants from industries, automobiles and homes into atmosphere 
has been causing the global environmental issues such as acid rain, the global greenhouse effect and 
ozone depletion. The gas sensors have been fabricated using SnO2, ZnO, TiO2, WO3, CdIn2O4 and 
BaTiO3 materials in pure and modified forms to detect various gases. The metal oxides based 
semiconductor gas sensors are playing an important role in the detection of toxic pollutants and to 
control the industrial processes. There are two techniques used for the fabrication of semiconductor 
gas sensors: thin film [1] and thick film sensors [2]. Thick film gas sensors manufactured by screen-
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printing technology have certain advantages such as low cost, simple construction and good sensing 
properties over other types of gas sensors [3–5]. Generally, any gas sensor must possess two basic 
functions, i.e., a function to recognize an objective gas from others (receptor function) and another to 
transduce the gas recognition into a gas concentration dependent signal output (transducer function). In 
the semiconductor gas sensors, the receptor function is provided by the interaction of the 
semiconductor surface with an object gas via gas adsorption and surface reactions, while the 
transducer function depends not only on the band structure of the semiconducting oxide but also on the 
microstructure of the coagulating particles [6]. Recently, there is an increasing need for the detection 
of toxic, polluting or smelling gases at low levels in air. For such low-level gases, sensors should be 
sufficiently upgraded in sensitivity and selectivity, and especially important is the promotion of the 
receptor function, as suggested from the reported examples of sensor modifications brought about by 
the addition of noble metals [6, 7], metal oxides [8–10]. It is also well known that the electrical 
properties of semiconducting oxides like InOx depend strongly on defect density created by external 
doping or disturbed stoichiometry as well as their growth conditions. Sensors for toxic gases have 
attracted much attention due to the growing concern of environmental protection and safety. A number 
of semiconductor oxide such as ZnO, SnO2, In2O3 and indium tin oxide (ITO) are used for different 
gas sensors [11-14]. Most of their sensors are based on the resistance variation when the 
semiconductor oxide films are exposed to target gases. Normally, the conventional resistance type 
sensors are operated at an elevated temperature, usually within the range of 250 0C-300 0C [14-18]. 
The most general adsorption – desorption gas sensing mechanism of semiconductor gas sensor is the 
simple resistivity change, due to desorption of surface oxygen adsorbates via reactions with reducing 
gases such as H2S, CO and H2 [19-22]. 
 
In this paper, preparation of (Cr-doped In2O3) composites polycrystalline powder by a simple chemical 
route has been reported. The prepared In1-xCrxO3 composite thick films with different crystallinities by 
changing the variety of defect densities, by changing the stoichiometry of the films and studied their 
structural and gas sensing properties to H2S, NH3 and Cl2 against H2, CO, CO2, O2, LPG, Ethanol 
vapour were investigated and presented. 
 
 
2. Experimental 
 
2.1. Preparation of (Cr- doped In2O3) Composites 
 
Three composites were prepared from the AR grade powder of InCl3 and CrO3. Composite  
A– In0.99Cr0.01O3, composite B – In0.90Cr0.10O3 and composite C – In0.50Cr0.50O3 was milled for 2h 
using planetary ball mill separately to obtain hydroscopic paste. Then double distilled water is added 
with constant stirring up to 100 ml then followed by slow heating up to dryness. The powder was 
calcined at 950 oC for 10 min in air atmosphere and reground and resulting powder was used for the 
preparation of printable paste. 
 
 
2.2. Preparation of Pure In2O3 Thick Films 
 
The AR grade powder of In2O3 was calcined at 1000 oC for 6 h. Then In2O3 powder was milled for 2 h. 
using planetary ball mill to obtain fine-grained powder. The thixotropic paste was formulated by 
mixing the fine powder of In2O3 with a solution of ethyl cellulose (a temporary binder) in a mixture of 
organic solvents such as butyl cellulose, butyl barbital acetate and terpineol etc. The weight ratio of the 
inorganic to organic part was kept at 75:25 in formulating the paste. This paste was screen printed on a 
glass substrate in a desired pattern [23, 24]. The sensitivity of the films increases with the film porosity 
as well as with thickness of the film [25]. The films were fired at 550 oC for 30 min. Silver contacts are 
made for electrical measurements. 
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2.3. Preparation of (Cr- doped In2O3) Composites Thick Film 
 
The thixotropic paste were formulated by mixing the resulting fine powder of composite A, B and C 
separately one by one with a solution of ethyl cellulose (a temporary binder) in a mixture of organic 
solvents such as butyl cellulose, butyl carbitol acetate and terpineol. The weight ratio of inorganic to 
organic part was kept as 75:25 in formulating the paste. This paste was screen printed on a glass 
substrate in a desired pattern. These films were dried under IR lamp for 1hr, then followed by firing at 
550 oC for 30 min. Silver contacts are made for electrical measurements. 
 
 
2.4. Thickness Measurements 
 
The thickness of the films was measured by using the Taylor – Hobson (Talystep, UK) system. The 
thicknesses of the films were observed in the range from 60-65 µm. The reproducibility in thickness of 
the films was possibly by maintaining proper rheology and thixotropy of the paste. 
 
 
2.5. Details of Gas Sensing System 
 
The gas sensitivity of the sensors was examined using a ‘static gas sensing system’. There were 
electrical feeds through the base plate. The heater was fixed on the base plate to heat the sample under 
test up to required operating temperatures. A sample under test can be mounted on the heater. The  
Cr-Al thermocouple was mounted to measure the operating temperature. The output of the 
thermocouple was connected to a digital temperature indicator. A gas inlet valve was fitted at one of 
the ports of the base plate. The required gas concentration inside the static system was achieved by 
injecting a known volume of a test gas with a gas-injecting syringe. A constant voltage was applied to 
the sensor and the current was measured by digital picoammeter. Air was allowed to pass into the glass 
chamber after every gas exposure cycle. 
 
 
3. Characterizations 
 
3.1. Structural Analysis 
 
Structural properties of the pure In2O3 and composites powder were studied using an X-ray 
diffractometer (Rigaku Model DMAX-2500, Japan) using CuK radiation with a wavelength  
λ =1.5418 Ao. X-ray diffraction analysis 0f pure In2O3 and composites were carried out in the 20-80o 
range using CuK radiation. Fig. 1 shows the X-ray diffractogram of screen printed pure In2O3 and 
composites A, B and C. The XRD patterns are indexed with pure In2O3 with cubic structure. The 
observed peaks in figure are matched well with (JCPDS Card No. 01-071-2194) reported data of 
In2O3. The average grain size was calculated according to Debye- Scherrer’s equation, it was observed 
to be 51 nm, provided in Eq. (1). 
 
 

 
(1)

 
where  is the full width at half-maximum intensity (in radians) of a peak at an angle θ; K is the 
constant, depending on the line shape profile; λ is the wavelength of the X-ray source. 
 
The X-ray diffractogram of screen printed composites A, B are shows homogeneous material but  
X-ray diffractogram of screen printed composite C shows heterogeneous material. In composite C, 
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peaks indicated with (*) shows Cr2O3 material and other peaks shows In2O3 material. XRD analysis 
revealed that the material is polycrystalline in nature due to sharp peaks. The observed peaks matched 
well with the reported PCPDF WIN data book, card no -21-0403, 71-2195, 72-0683 and average grain 
size determined from Debye Scherer formula is estimated to be 230 nm. 
 
 

 
 

(a) Pure In2O3 
 

 
(b) Composite A 

 
(c) Composite B 

 
(d) Composite C 

 
Fig. 1. X-ray diffractogram of screen printed Pure In2O3, composites of A, B and C. 

 
 

3.2. Microstructural Analysis 
 
The microstructure and chemical composition of the composites film were analyzed using a scanning 
electron microscope (SEM, JEOL JED 6300) coupled with an energy dispersive spectrophotometer 
(EDS, JEOL, JED 2300 LA) Japan. Fig. 2 (a) depicts the SEM image of pure In2O3 thick film fired at 
550 oC. The film consists of voids and a wide range of grains with size distribution ranging from  
0.25 µm to 0.5 µm, distributed non-uniformly. Fig. 2(b), 2(c) and 2(d) depicts the SEM images of 
composite A, B & C thick films respectively fired at 550 oC. While observing SEM images of 
composites A, B and C, Fig. 2(b), the film consists of a large number of grains leading to high porosity 
and large effective surface area available for the adsorption of oxygen species. However, after screen-
printing on glass substrate and subsequent firing at 550 oC, the particle growth has taken place. It 
reflects from all the three photomicrographs. It is clear that particle size distribution is wide. The 
particles are of varied shapes and highly agglomerated with size in the range of 1 to 10 µm. However, 
in case of the composite-A, Fig. 2(b) the particle size distribution is not nearly uniform. Furthermore, 
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the particles are nearly bipyramidle and less agglomerated. Every bipyramid consists of four triangular 
facets on either side of a square facet. From the above discussion, it is suggested that the adsorbed 
molecules of reducing gases form interface state may alter the potential barrier height of the junction 
resulting the change in conductance across the junction. 
 
 

  
 

(a) 
 

 
(b) 

  
 

(c) 
 

(d) 
 

Fig. 2. SEM images of (a) Pure In2O3 thick film, (b) Composite A, (c) Composite B,  
(d) Composite C thick films. 

 
 

The surface area plays an important role. Higher surface area leads to the higher concentration of 
chemisorbed oxygen species with further increase the change in the conductance during the adsorption 
of reducing gases. Finally this gives the higher sensitivity to the semi conducting oxide material. 
 
In our case, composite-A, the particle size is smaller and distribution is not nearly uniform and the 
morphology is bipyramidle with less agglomeration nature. On the other hand, Fig. 2(c) & 2(d)) is the 
SEM images of composite B and C thick films having larger grain size, which is comparatively less 
porous and grains are more agglomerated. 
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3.3. Quantitative Elemental Analysis-EDAX 
 
The quantitative elemental analysis of the pure and (Cr- doped In2O3) Composites thick films was 
carried out by using an energy dispersive spectrophotometer (EDS) JEOL – JED – 2300 LA Japan. 
The constituent elements such as In, O and Cr associated with various films are represented in Table 1. 
 
It is clear from the Table 1 that the weight percentage of chromium increased from Composite A to 
Composite C but weight percentage of oxygen decreased from Composite A to Composite C, therefore 
Composite C more oxygen deficient (60.48 wt%). This oxygen deficiency may make the Composite 
possible to adsorb a large amount of oxygen species. 
 
 

Table 1. Quantitative elemental analysis of pure and (Cr- doped In2O3) Composites thick film. 
 

Elements Pure In2O3 Composite A Composite B Composite C 

In (wt%) 41.33 20.24 15.84 12.42 
O (wt%) 58.67 78.59 75.56 60.48 
Cr (wt%) _ 1.17 8.60 27.09 

 
 
4. Electrical Properties 
 
4.1. I – V Characteristics 
 
Fig. 3 shows the I-V characteristics of thick films of pure Sample in air atmosphere. The linearity in 
the graphs indicates the ohmic nature of the silver contacts. 
 
 

 
 

Fig. 3. I-V characteristics of pure and Composite A, B, C. 
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4.2. Dependence of Electrical Conductivity on Temperature 
 
Fig. 4 shows the dependence of electrical conductivity of pure and Composite A, B and C thick films 
in air ambience. The conductivity of these films goes on increasing with increase in temperature, 
indicating negative temperature coefficient (NTC) of resistance. This shows the semi conducting 
nature of the films. 
 
 

 
 

Fig. 4. Dependence of electrical conductivity on temperature. 
 
 
4.4. Measurement of Gas Sensitivity 
 
Sensitivity of a sensor was defined as the ratio of the change in conductance of a sample on exposure 
to the test gas to the conductance in air. 
 
 Sensitivity = |  = |  | (2)

 
where Gg and Ga are conductance of a sample in the presence and absence of a test gas respectively 
and ∆G is the change in conductance. 
 
The pure In2O3 thick film were tested to various gases such as CO2, CO, H2S, Cl2, H2, NH3, O2, LPG, 
Ethanol vapour etc. It showed maximum sensitivity to ethanol vapour at 350 oC. Fig. 5 shows the 
variation of sensitivity of the pure In2O3 thick film (fired at 550 oC) with operating temperature ranging 
from 100 oC to 400 oC to ethanol vapour. The sensitivity goes on increasing with operating 
temperature attains it maximum (93.6) at 350 oC and decreases with a further increase in temperature. 
 
Fig. 6 shows the concentration dependence of sensitivity to ethanol vapour for pure In2O3 thick film. It 
is obvious that the sensitivity increased with increasing the concentration of ethanol vapour. The 
sensitivity to 80 ppm ethanol vapour was the maximum at operating temperature 350 oC. 
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Fig. 5. Variations of ethanol vapour sensitivity of pure In2O3 thick film with operating temperature. 
 
 

 
 

Fig. 6. Concentration dependence of Sensitivity to ethanol vapour for pure In2O3 thick film. 
 
 
4.5. Selectivity of Pure In2O3 Thick Film 
 
Selectivity or specificity is defined as the ability of a sensor to respond to certain gas in the presence of 
other gases. Fig. 7 shows the selectivity profile of the pure In2O3 thick film at 350 oC. The film shows 
a maximum selectivity to ethanol vapour against the other gases. 
 
 
4.6. Sensitivity with Temperature 
 
Fig. 8 Composite A represents the variation in the sensitivity to H2S gas (40 ppm) with operating 
temperature ranging from 100 0C to 400 0C. It was noted from the graph that sensitivity increases with 
increasing operating temperature and attain a maximum at 250 0C and decreased with further increase 
in operating temperature. 
 
Fig. 9 Composite B represents the variation in the sensitivity to NH3 gas (80 ppm) with operating 
temperature ranging from 100 0C to 400 0C. It was noted from the graph that sensitivity increasing 
with increasing operating temperature and attain a maximum at 250 0C and decreased with further 
increase in operating temperature. 
 



Sensors & Transducers Journal, Vol. 125, Issue 2, February 2011, pp. 142-155 

 150

 

 
 

Fig. 7. Selectivity of pure In2O3 thick film. 
 
 
 

 
 

Fig. 8. Variation of H2S gas sensitivity to pure In2O3, Composites A, B and C with operating temperature. 
 
 
 

 
 

Fig. 9. Variation of NH3 gas sensitivity to pure In2O3, Composites A, B and C with operating temperature. 
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Fig. 10 Composite C represents the variation in the sensitivity to Cl2 gas (80 ppm) with operating 
temperature ranging from 100 0C to 450 0C. It was noted from the graph that sensitivity increasing 
with increasing operating temperature and attain a maximum at 350 0C and suddenly decreased with 
further increase in operating temperature. 
 
 

 
 

Fig. 10. Variation of Cl2 gas sensitivity to pure In2O3, Composites A, B and C with operating temperature. 
 
 

4.7. Selectivity of Composite A, B & C 
 
Fig. 11 shows the histogram of selectivity’s of the Composite A, B & C thick film. It was clear from 
the histogram that the Composite A was good selective to H2S gas; Composite B was more selective to 
NH3 gas while Composite C was more selective to Cl2 gas. Composite B and C having larger particle 
size, less porous as compared to Composite A. Particle orientation & porosity would be responsible for 
the shifting gas response. 
 
 

 
 

Fig. 11. Histogram of selectivity’s of the Composite A, B & C thick film. 
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4.8. Response and Recovery Time 
 
Response and recovery time are basic parameters of the gas sensors. The response time has been 
defined as the time taken to attain 90 % of final value and the recovery time as time taken to recover 
90 % of the original value. The Fig. 12 shows the response time and recovery time of In2O3 thick film 
at 350 oC for 10 ppm ethanol vapour concentration. The response curve confirms the n-type 
semiconductive nature of this material as ethanol vapour is a reducing gas. When ethanol vapour was 
introduced, the resistance of the sensor obviously decreased and the response time to reach 90 % of the 
total change was 4s. After the ethanol vapour was removed, the resistance gradually increased, but the 
recovery time to restore 90 % of the original resistance was 9 s respectively. The very short response 
and recovery time are the important features of the In2O3 thick film sensor. The sensor also showed 
good repeatability as shown in Fig. 12. 
 
 

 
 

Fig. 12. Repeatability of pure In2O3 thick film. 
 
 
5. Discussion 
 
Indium Oxide is a basic oxide. It is well known that the sensitivity to ethanol vapor is greatly promoted 
by basic oxides [26]. Being specific to ethanol vapor, the promotion would be related to the oxidation 
of ethanol vapor. It is known in catalytic chemistry that ethanol vapor is oxidized via two reaction 
routes, i.e., dehydrogenation to CH3CHO on the basic surface and dehydration to C2H4 on the acid 
surface. These intermediates are consecutively oxidized to CO2 and H2O: Of the intermediates, 
CH3CHOis known to have much higher molecular sensitivity of a semiconductor gas sensor than C2H4 
[27]. Due to the basic nature of Indium Oxide, the dehydrogenation route is more favored than the 
dehydration route, giving rise to the most ethanol vapor sensitivity. 
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Different gases have different chemical activity with the sensor surface at particular temperatures, i.e., 
different gases have different energies of adsorption and desorption. There are different oxygen species 
(O2−, O−, O2−) adsorbed on the sensor surface depending upon the operating temperature, 
microstructure and nature (basic or acidic). Also, the different oxygen species have different abilities 
to oxidize the target gas. The sensitivity of pure Indium Oxide and (Cr- doped Indium Oxide) 
composite thick films to different gases at different temperature could be expressed through the 
following reactions: 
 
 

 (3)

 
 

 (4)

 
 

, (5)

 
where NH3, H2S and C2H5OH are reducing gases. When a reducing gas comes in contact with the 
sensor surface, it would be oxidized and released the electrons, as indicated in reactions (3) – (5), 
thereby decreasing the resistance. In air ambient, the sensors showed larger resistance due to 
adsorption of oxygen ions abstracting surface electrons. The sensing mechanism of chlorine gas could 
be explained by considering its well-known adsorption behavior [28] as: 
 
 

 (6)

 
 

, (7)

 
where subscripts ‘ad’ and ‘o’ means ‘adsorbed’ on the surface and ‘occupying’ lattice oxygen sites 
respectively. According to reaction (6), chlorine would be adsorbed by substituting the adsorbed 
oxygen and release the electrons, which would decrease the sensor resistance, leading to high response 
to chlorine gas. Another possibility could be the chlorine substitution for lattice oxygen to form Cl-(o), 
O2 and two electrons (reaction (7)), which would decrease the sensor resistance, giving high response 
to chlorine gas. 
 
 
6. Summary 
 
From the results, following statements can be made for the sensitivity of the pure and composites of A, 
B and C sensor. 
1. The In2O3 was found to be a non stoichiometric and oxygen deficient material. It showed negative 

temperature coefficient in nature. 
2. The pure In2O3 thick film showed highest sensitivity to ethanol vapour at 350 oC and gas 

concentration was at (80 ppm). 
3. Doping process is one of the most suitable methods of modifying the basic material. 
4. Doping concentration of Cr increases, the sensitivity shifts from H2S gas to NH3 gas and NH3 gas to 

Cl2 gas. 
5. Shifting of sensitivity from one gas to another gas could be attributed to the presence of defects 

formed in these crystals during their growth. 
6. The repeatability and reproducibility of the sensor were observed improved through the doping 

process. 
 



Sensors & Transducers Journal, Vol. 125, Issue 2, February 2011, pp. 142-155 

 154

Acknowledgements 
 
The authors are grateful to U.G.C., New Delhi and B.C.U.D., University of Pune for granting financial 
assistance to this project. The author (DNC) is very much thankful to the Principals, Arts, Commerce 
and Science College, Nandgaon, NVPM’s A.C.S. College Lasalgaon and K.T.H.M. College, Nasik for 
providing laboratory facilities. He is also thankful to Dr. P.K. Khanna, Scientist-E, C-MET, Pune, 
Department of Physics, Chemistry, University of Pune and M. V. P. Samaj, Nasik for providing 
characterization facilities. 
 
 
References 
 
[1]. M. Mabrook, P. Hawkins, A rapidly-responding sensor for benzene, methanol and ethanol vapors based on 

films of titanium dioxide dispersed in a polymer operating at room temperature, Sens. Actuators B, 75, 
2001, pp. 197–202. 

[2]. U. S. Choi, G. Sakai, K. Shimanoe, N. Yamazoe, Sensing properties of SnO2-Co3O4 composites to CO and 
H2, Sens. Actuators B, 98, 2004, pp. 166–173. 

[3]. W. Noh, Y. Shin, J. Kim, W. Lee, K. Hong, S. A. Akbar, J. Park, Effects of NiO addition inWO3-based gas 
sensors prepared by thick film process, Solid State Ionics, 152–153, 2002, pp. 827–832. 

[4]. M. C. Carotta, G. Martenelli, Y. Sadaoka, P. Nunziante, E. Traversa, Gassensitive electrical properties of 
pervoskite-type SmFeO3 thick film, Sens. Actuators B, 48, 1998, pp. 270–276. 

[5]. V. Guidi, M. A. Butturi, M. C. Carotta, B. Cavicchi, M. Ferroni, C. Malagu, G. Marinelli, D. Vincenzi, M. 
Sacerdoti, M. Zen, Gas sensing through thick film technology, Sens. Actuators B, 84, 2002, pp. 72–77. 

[6]. N. Yamazoe, New approaches for improving semiconductor gas sensors, Sens. Actuators B, 5, 1991,  
pp. 7–19. 

[7]. T. Isihara, K. Kometani, Y. Nishi, Y. Takita, Improved sensitivity of CuOBaTiO3 capacitive type CO2 
sensor by additives, Sens. Actuators B, 28, 1995, pp. 49–54. 

[8]. A. Haeusler, J. U. Meyer, A novel thick film conductive CO2 sensor, Sens. Actuators B, 34, 1996,  
pp. 388–395. 

[9]. B. Liao, Q. Weo, K. Wang, Y. Liu, Study on CuO-BaTiO3 semiconductor CO2 sensor, Sens. Actuators B, 
80, 2001, pp. 208–214. 

[10]. J. Slunecko, J. Holc, M. Hrovat, M. Ceh, Thick film humidity based on (Ba, Sr) TiO3 porous ceramic 
doped with MgO and CaO, Sens. Actuators B, 7, 1992, pp. 439–442. 

[11]. D. H. Yoon and G. M. Choi, Microstructure and CO gas sensing prop, Sens. Actuators, B, Vol. 45, 1997, 
pp. 251–257. 

[12]. M. C. Horrillo, A. Serventi, D. Rickerby, J. Gueierrez, Influence of tin on the sensitivity to reductor gases, 
Sens. Actuators B, 58, 1999, pp. 474. 

[13]. C. A. Papadopoulos, D. S. Vlachos, J. N. Avaritsiotis, Effect of surface catalysts on the long-term 
performance of reactively sputtered tin and indium oxide gas sensors, Sens. Actuators B, 42, 1997, pp. 95. 

[14]. G. Sberveglieri, G. Faglia, S. Groppelli, P. Nelli, Thermal treatment stabilization processes in SnO2 thin 
films catalyzed with Au and Pt, Sens. Actuators B, 8, 1992, pp. 79. 

[15]. N. G. Patel, K. K. Makhija, C. J. Panchal, Fabrication of carbon dioxide gas sensor and its alarm system 
using indium tin oxide (ITO) thin films, Sens. Actuators B, 21, 1994, pp. 193. 

[16]. N. G. Patel, K. K. Makhija, C. J. Panchal, D. B. Dave, V. S. Vaishnav, Fabrication of carbon tetrachloride 
gas sensors using indium tin oxide thin films, Sens. Actuators B, 23, 1995, pp. 49. 

[17]. T. Miyata, T. Hikosaka, T. Minami, High sensitivity chlorine gas sensors using CdIn2O4 thick film 
prepared by co-precipitation method, Sens. Actuators B, 69, 2000, pp. 16. 

[18]. R. Bene, I. V. Perczel, F. Reti, F. A. Meyer, M. Fleisher, H. Meixner, Size-dependent properties of CeO2-y 
nanoparticles as studied by Raman scattering, Sens. Actuators B, 71, 2000, pp. 36. 

[19]. T. Seiyama, F. Era, Gas detecting materials, Zairyo-Kagaku Japn., 8, 1971, pp. 232- 239. 
[20]. S. R. Morrison, Slectivity in semiconductor gas sensors, Sens. Actuators B, 12, 1987, pp. 225-440. 
[21]. S. Pizzini, N. Butta, D. Narducci, M. Palladino, Thick film ZnO resistive gas sensors, J. Electrochem. Soc., 

136, 1989, pp. 1945-1948. 
[22]. P. T. Mosely, Materials selection for semiconductor gas sensors, Sens. Actuators B, 6, 1992, pp. 149 - 156. 
[23]. G. H. Jain, V. B. Gaikwad, L. A. Patil, Studies on gas sensing performance of (Ba0. 8Sr0. 2)(Sn0. 8Ti0. 2) O3 



Sensors & Transducers Journal, Vol. 125, Issue 2, February 2011, pp. 142-155 

 155

thick film resistors, Sens. Actuators B, 122, 2007, pp. 605-612. 
[24]. G. H. Jain, L. A. Patil, M. S. Wagh, D. R. Patil, S. A. Patil, D. P. Amalnerkar, Surface modified BaTiO3 

thick film resistors as H2S gas sensors, Sens. Actuators B, 117, 2006, pp. 159-165. 
[25]. S. M. A. Durrani, E. E. Khawaja, M. F. Al-Kuhaili, CO-sensing properties of undoped and doped tin oxide 

thin films prepared by electron beam evaporation, Talanta, 65, 2005, pp. 1162-1167. 
[26]. T. Maekawa, J. Tamaki, N. Miura, N. Yamazoe, Development of SnO2-based ethanol gas sensor, Sens. 

Actuators B, 9, 1992, pp. 63–69. 
[27]. T. Seiyama, J. Shiokawa, S. Suzuki, K. Fueki (Eds.), Kagaku Sensa, Kodansha, Tokyo, 1982, pp. 42–43. 
[28]. D. H. Dawson, D. E. Williams, Gas sensitive resistors: surface interactions of chlorine with semiconducting 

oxides, J. Mater. Chem., 6, 1996, pp. 409–414. 
 
 

___________________ 
 

 
2011 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 

 

http://www.sensorsportal.com/HTML/For_advertisers.htm


Sensors & Transducers Journal

 
 

Guide for Contributors 
 

 
 
Aims and Scope 
 
Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology 
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and 
application specific papers, short notes, letters to Editor and sensors related books reviews as well as 
academic, practical and commercial information of interest to its readership. Because of it is a peer reviewed 
international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high 
publicity. The journal is published monthly as twelve issues per year by International Frequency Sensor 
Association (IFSA). In additional, some special sponsored and conference issues published annually. Sensors & 
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals 
Master List, Open J-Gate, Google Scholar, etc. Since 2011 the journal is covered and indexed (including a 
Scopus, Embase, Engineering Village and Reaxys) in Elsevier products. 
 
 
Topics Covered 
 
Contributions are invited on all aspects of research, development and application of the science and technology 
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to: 
 

 Physical, chemical and biosensors; 
 Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and 

transducers; 
 Theory, principles, effects, design, standardization and modeling; 
 Smart sensors and systems; 
 Sensor instrumentation; 
 Virtual instruments; 
 Sensors interfaces, buses and networks; 
 Signal processing; 
 Frequency (period, duty-cycle)-to-digital converters, ADC; 
 Technologies and materials; 
 Nanosensors; 
 Microsystems; 
 Applications. 

 
 
Submission of papers 
 
Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14 
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word 
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript 
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors 
must follow the instructions strictly when submitting their manuscripts. 
 
 
Advertising Information 
 
Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit: 
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2011.pdf 




