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Abstract--The miniaturization of gas sensors and the 
compatibility of their fabrication process with modern 
microelectronics technology are very important aspects for the 
development of gas sensing devices. The development of thin 
film gas sensor based on MEMS structure is a rapidly growing 
area, enabling fabrication of arrays of sensor elements coupled 
with reduced power consumption and enhanced sensitivity using 
microhotplates based on thin membranes (3-5 µm) due to low 
thermal mass.  Thin film metal oxide materials, such as TiO2,
are preferred as gas sensing material due to certain advantages 
it offers. Utilization of these sensors requires higher 
temperature for their operation.  In this paper titanium oxide is 
being used as a sensing element to detect carbon monoxide (CO) 
and selecting best operating temperature between 200 °C and 
500 °C.  It is observed that the sensor response is found to be 
highest at around 350 °C for sensing CO gas.  The gas interact 
with the titanium oxide thin film and alter the conductivity of 
the surface. The change in conductivity is proportional to the 
concentration of gas under test. Suspended platform 
arrangement is fabricated by MEMS surface micromachining 
technique. In MEMS technology the reduction of power 
consumption minimizes not only thermal stresses but also enable 
to use battery operated sensor and smart sensors.

Index Terms: - MEMS, Gas sensor, Micro hotplate, Titanium 
Oxide, CO gas.

I. INTRODUCTION

The development of gas sensor devices with optimized 
selectivity and sensitivity has been achieving prominence in 
recent years. Because of their simplicity and low cost, 
semiconductor metal oxide gas sensors stand out among the 
other types of sensors.  Nanostructure materials present new 
opportunities for enhancing the properties and performance of 
gas sensors because of the much higher surface-to-volume 
ratio compared to coarse grained materials. Sensitivity in 
these types of sensors is generally enhanced either by 
appropriate doping of an element that modifies the carrier 
concentration values or charge mobility or by micro structural
changes such as reduction of the oxide particle grain size [1].  

The effects of the thin film micro-structure, namely, ratio of 
surface to volume ratio, grain-size, and pore-size of the oxide, 
as well as film thickness play an important role in deciding 
the sensing behavior. The sensor detects a change in the gas 
atmosphere due to a change in the electrical properties of the 
sensing element.  It was observed from the literature that gas 
sensing process involves surface adsorption and chemical 
reactions is analogous to catalytic reaction of the metal oxide 
gas sensing device, as both process involve surface 
adsorption and chemical reaction with the surrounding gas 
environment.  Gas sensing process involves the interaction of 
O-, O2-, H+ and OH- and gaseous molecules to be detected.  
The electrical characteristic classifies the sensitivity of the 
sensing device [2].

Micro hot plate elements include functionality for 
measuring and controlling temperature, and measuring the 
electrical properties of deposited films. As these effects can 
be important in producing response signal, temperature 
controlled platform have been used in gas sensors. For the 
fabrication of smaller device platforms have been to attain 
low power consumption when employing temperature control
[3,4].  Among useful semiconducting metal oxides as sensing 
material, titanium oxide has been investigated for detection of 
toxic and inflammable gases such as NH3, NO2, H2, CO.
Here our consideration is focused on the detection of carbon 
monoxide (CO). CO gas is one of the most dangerous gases
and is formed whenever incomplete combustion of 
carbonaceous products occurs.

2 TITANIUM OXIDE AS GAS SENSING LAYER

TiO2 thin films are extensively used in many areas as a 
sensing material because of its chemical, electrical, and 
optical properties, which are mainly correlated to different 
crystallographic phases [5,6].  Titanium oxide (TiO2) is an n-
type semiconductor and having suitable energy band gap
(~3eV), and thermodynamically favorable phase, though 
titanium exhibits Ti3+ and Ti2+ oxidation states.  Its chemical 



properties are based on surface interactions with reducing or 
oxidizing gases, as a resulting, affect the conductivity of the 
film.  TiO2 films are used as the active layer and gas sensing 
layer dielectric capacitors, optical coating layers, photo-
catalyst. TiO2 nanostructures are normally produced from 
solution-phase growth methods including surfactant, sol-gel, 
electrospinning, and hydrothermal methods. TiO2 has three 
polymorphs: brookite (orthorhombic), anatase and rutile both 
tetragonal.  It was oberserved that sensitivity of TiO2 sensors 
can be enhanced by addition of dopants such as Nb, Cr, Sn,
Pt, Zn, Al, La and Y [7].

3 TEMPERATURE OPTIMIZATION OF GAS 
SENSING LAYER

The Literature survey was carried out for the 
optimization of the sensing temperature and the 
approximation for specific species of gases were derived and 
plotted.  It was found that the thin film of titanium oxide have 
good response range in between 200°C-500°C for CO gas 
detection as shown in Fig.-1.  If the thin film of titanium 
oxide its doped with Pt, Ag, etc nanoparticles, the activation 
energy of thin film is reduced and the reduces the operating 
temperature in gas sensing. The experimental considerations 
are the minimum energy required by the sensing layer to 
sense the gas. This activation energy is obtained either by 
doping the material or by heating the material.  Hence low 
temperature is suitable for impure thin films as the activation 
energy decrease with the impurity concentration and high 
temperature is required to attain the activation energy in pure 
thin film of TiO2.

Fig.-1: Titanium oxide thin film response to CO gaseous species.  
Data from Ref [9-12].

4 CONCLUSION

MEMS based gas sensor with TiO2 sensing layer has 
been studied and it has been observed that increasing the 
operating temperature increase the sensitivity of the gas 
sensors and make the rapid response for the gases raising the 
temperature beyond the optimized temperature.  The 
sensitivity starts to decrease.  It has been also observed that 
the phase of the material also determined the operating 
temperature of the sensor.  TiO2 has been studied as a CO gas 
sensor, which works at high temperature (>400°C).
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