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Abstract 

Gas sensors plays a crucial role in environmental protection and security by detecting, controlling 

and checking the poisonous and hazardous gases that are present at extremely low awareness in the 

atmosphere. Metal oxide semiconductors are actually the most commonly used sensing supplies and 

are actually probably the most promising products among the solid state chemical sensors. Metal 

oxides make an intriguing and appealing material for various applications, like sun oriented cells, 

optoelectronics, spintronics, piezoelectric and gas sensors. Nano-particles have exceptional 

properties contrasted and their mass. Their properties can be constrained by basically tuning their 

sizes, shapes and syntheses. 
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1. INTRODUCTION 

Gas sensors play a crucial role in environmental protection and security by detecting, controlling and 

checking the poisonous and hazardous gases that are present at extremely low awareness in the 

atmosphere. Metal oxide semiconductors are actually the most commonly used sensing supplies and 

are actually probably the most promising products among the solid state chemical sensors. 

Additionally, gasoline analysis of man expiration gives info that is crucial on the state and functioning 

of many human organs, de-compensation of some pathologic states or maybe exacerbation of chronic 

illnesses. For instance, a quantitative determination of O2 and CO2 in the expiration characterizes gas 

interchange features of the blood and lungs. One of the important techniques in medical diagnosis of 

diabetes, allowing functionality of an ample treatment is actually the determination of acetone focus 

in the blood of a sick individual. This is generally made with the help of paper indicators changing 

their color under touch with the urine of the sick male. This technique has obvious shortcomings in 

the application; furthermore, the constraint between the concentrations of acetone in urine and in 

blood is actually of a more advanced character than the correlation of those parameters in expiration 

and in blood. Because the blood specifically participates in the gas exchange, ethanol vapor is actually 

just about the most famous gases in the regular living of ours and business, it's essential to identify 

and control ethanol vapor. 

2.ROLE OF THIN FILMS AND NANOPARTICLES 

Nanoparticles have exceptional properties contrasted and their mass. Their properties can be 

constrained by basically tuning their sizes, shapes and syntheses. These curiosities are not a direct 
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result of diminishing their size; it originates from various ways that relies upon sort of material. 

Causes are: (i) Quantum size effect and (ii) Surface atom effect.  

Increase in surface area to volume ratio with reduction in grain size is also extremely important in the 

area sensing. At such little length scales nearly all of the atoms are actually surface atoms, thus 

significantly increasing the real number of web sites offered for reactions. Reduction in grain size 

plays a really crucial role in uses which require surface reactions as catalysis, chemical gas sensing 

etc. The other component that becomes predominant at smaller grain sizes is actually the depletion 

layer depth, normally called as the Debye length (LD). For many nanostructures this great is actually 

much like the diameter (in the situation of spherical particles / nano-tubes / nano wires) or maybe the 

width of theirs (in the case of nano belts along with other flat nanostructures). Gas sensors in the form 

of thin or maybe thick films appear to be a lot more promising detectors over the pellet form, since 

they're possibly of price that is low, tough and have very low usage of electric power, Gas sensors 

with a slim sensing layer are actually good for the realization of these detectors on industrial scale. 

Generally, polycrystalline thin films exhibit better performance than individual crystals or maybe 

large grain films. Moreover, oxide thin films display a substantial change in their conductivity when a 

shift in the ambient happens, so this particular property forms the foundation for a brand new 

generation of gas detectors done to the ppb range. To attain a much better sensitivity, controlling the 

morphological properties of materials during synthesis is actually of great value, as these structural 

characteristics strongly affect their purpose and performance. 

3. TRANSPARENT CONDUCTING OXIDE 

The interest in transparent conducting oxides (TCOs) for technological apps is actually a consequence 

of their high infrared reflectance, good electrical properties and high luminous transmittance. These 

attributes make TCOs appealing in a number of places such as for instance transparent electrodes for 

solar cells and flat panel displays and coatings for architectural glasses. Additionally, these substances 

will also be promising for gas sensors due to their great dimension, simplicity and portability. The 

power qualities of thin films made from TCO materials are clearly affected by the presence of 

oxidizing gases. Gas molecules work together with the surface area of the movie inducing redox 

reactions to take place, altering the film’s conductivity. 

3.1 Crystal structure of indium oxide, tin oxide and indium tin oxide  

The crystal structure and the atomic course of action in the individual cross section are clarified in this 

segment. 

1. Indium oxide: 

Indium oxide (In203) movies have been studied for a quite a while. This content is popular for the 

design of transparent conducting electrodes for solar cells and flat panel displays. However the 

analysis of gas sensing qualities of this content started just 10-15 years before As a result many 

problems related to realizing the mechanism of this material’s sensitivity to gas remains unfamiliar 

and the subject of lively debate. 2 crystal components have been reported for IN2O3 body centered 

cubic and (Meta stable) hexagonal. Cubic form of IN2O3 is actually healthy while at higher 

temperatures whereas hexagonal form is actually healthy at lower temperatures, the reported 
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outcomes for the sensing property of the hexagonal form of In203 are very few compared to that of 

cubic In203. This might be because of the balance of the cubic structure while at higher temperatures 

rather than the Meta stable hexagonal structure. 

2. Tin Oxide (SnO2): 

SnO2, a delegate IV bunch compound semiconductor with a wide band gap of 3.97 eV and huge 

exciton restricting energy of 60 meV is a brilliant electronic and photonic material and can be utilized 

as an oxidation impetus or as a strong state gas sensing material. The mineral type of tin dioxide is 

called cassiterite and crystallizes in the rutile structure. The SnO2 (110) surface can be effortlessly 

decreased, bringing about a (1×2) surface remaking, which isn't surely known. Oppositely to the (110) 

surface, SnO2 (101) can shape bulk truncations for both stoichiometric and decreased surfaces 

without experiencing complex recreations. The crystal lattice with Sn and O atomic projection on the 

(100) plane tin oxide has a tetragonal (rutile) structure and the lattice parameter esteems are given. 

Each tin atom is at the focal point of six oxygen atoms put around at the sides of a customary 

octahedron and each oxygen atom is encircled by three tin atoms found roughly at the focuses of a 

symmetrical triangle. 

3. In2O3: SnO2 nanocomposites: 

In2O3:SnO2 nanocomposites exist in two structures as (cubic) (ITO) polymorphs and rhombohedral 

polymorphs. Both have solid physical and chemical collaborations with adsorbed species. ITO is 

basically framed by the substitutional doping of In2O3 with Sn4+ which replaces the In3+ atoms from 

the cubic bixbyite structure of indium oxide. Sn hence frames an interstitial bond with oxygen and 

exists either as SnO or SnO2 as per its individual valency of either +2 or +4, and subsequently goes 

about as cationic dopant in In2O3 lattice and substitutes the indium. The three cationic planes that 

exist along the c hub of the unit cell are concealed. The two replacements of tin and oxygen opening 

add to the high conductivity and the material can be spoken to as In2-xSnxO3-2x. 

4. GAS SENSING MECHANISM OF METAL OXIDES: THE ROLE OF ATMOSPHERE, 

TYPE OF SEMICONDUCTOR AND GASES  

Metal oxides make them an intriguing and appealing material for various applications, for example, 

sun oriented cells, optoelectronics, spintronics, piezoelectric and gas sensors. In 1953, a deliberate 

report on the adjustments in the electrical properties of semiconductor materials because of the 

connection of gas molecules at the surface the nitty gritty investigation of the collaboration of gas 

molecules with semiconductor materials incited the examination on metal oxides for gas sensing 

applications. The adjustments in the electrical conduct of zinc oxide and tin oxide because of the 

adjustments in the gas sythesis at the encompassing atmosphere figaro Inc., a gas sensor organization 

dependent on metal oxides began in 1968 despite everything stands as one of the world's driving gas 

sensor maker. Since 1968, the science and innovation of metal oxide based semiconductor gas sensors 

have been advancing because of the noteworthy commitments from specialists over the globe. The 

affectability/reaction of the metal oxide gas sensors towards a specific objective gas can be improved 

by utilizing metal added substances/doping by diminishing grain size or by changing working 

temperature, and stickiness. Another significant trademark parameter in particular selectivity of the 

sensor regarding the type of gas (oxidizing/diminishing) and conductivity of the semiconducting 
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material effect of dopants and nature of the chose oxide materials have likewise been considered. At 

the same time, theoretical commitments from various specialists help to have a superior understanding 

about the study of collaboration between the metal oxide surface and gas molecules. In the ongoing 

past, the improvement of nano-science and innovation has emphatically impacted this field and lead to 

a change in perspective in the sensor innovation.  

The metal oxide gas sensor deals with the principle of chemiresistance viz. the change in electrical 

conductivity or resistivity of slim films on presentation to an objective gas. In other words, gas 

molecules interfacing with the metal oxides either go about as a donor or acceptor of charge carriers 

(Receptor function) or adjust the resistivity of the metal oxide (Transduction function) and it is 

appeared in Figure 1. The expansion or reduction of obstruction of the metal oxide dainty film relies 

on the type of greater part carriers in the semiconducting film and the idea of gas molecules (whether 

oxidizing or lessening) in an encompassing atmosphere. For n-type materials, oxidizing gases 

(acceptor) increment the obstruction of dainty film while, lessening gases (donor) decline and are 

correspondingly talk for p-type materials. The mechanism of receptor function (REDOX) together 

with the transduction function depicts the chemiresistive conduct of the metal oxide gas sensors. The 

metal oxide sensors can be as sintered pellets or good and bad films. 

 

Figure 1 Schematic of metal oxide thin film gas sensor 

4.1 Thin film based sensors  

In the ongoing past, synthesis of nano-structured metal oxide thin films with and without the doping 

components has been accounted for to get littler grain size. Thin films with littler grain size are great 

as the expanded surface to volume proportion, transporter focus and improved synergist action, 

encourage its association with bigger number of gas molecules. The thin film formation process 

includes a few stages, for example, thermal convenience, adsorption of metal atoms on the substrate 

and nucleation followed by crystallization or the formation of microstructure. In this manner, the thin 

films synthesized from the methods like glue/slurry, chemical and physical fume testimony 

procedures, and so forth, bring about various electrical, optical and attractive properties. For each 

situation, development process (gathering of sub-atomic structure squares) is distinctive prompting 

change in nucleation, development course, and crystallographic direction (atomic  
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Stacking energy), pressing thickness, interfacial energy and breadth of the crystallites. Until this point 

In time, thin film innovation has been either observational or semi-exact. 

5. CONCLUSION 

Gas sensors play a crucial role in environmental protection and security by detecting, controlling and 

checking the poisonous and hazardous gases that are present at extremely low awareness in the 

atmosphere. Metal oxide semiconductors are actually the most commonly used sensing supplies and 

are actually probably the most promising products among the solid state chemical sensors. They might 

be utilized in environmental monitoring, automotive applications, business creation and balance and 

sensor network. Nano-particles have exceptional properties contrasted and their mass. Their properties 

can be constrained by basically tuning their sizes, shapes and syntheses. 
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