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Abstract 

                In coal mine different types of toxic gases are present. There is an increasing demand on toxic gas sensor 
for coal mine where the power consumption is a big issue. In this paper a simple structure of micro heater and inter 
digited electrode has been fabricated and micro machined structure for low power consumption is demonstrated. 
MEMS microheaters are designed and fabricated for entire two inch (2") process and 3mm X 3mm die sized 
microheaters obtained.  
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Introduction  
  Detection of toxic gases by using different 
sensing techniques are used for commercial application. 
Conventional sensor used either short life 
electrochemical types or long life figuro types but it 
consumes large power [1].  These types are unacceptable 
for continuous gas monitoring in underground coalmines 
for which considerable improvement in the design and 
characterization of metal oxide gas sensors are essential 
[2-6]. Different types of ionization gas sensor and 
comparing to their absorption-type counterparts 
described in different research articles [7–10]. Some 
novel attempts of incorporation of low dimensional 
materials into the conventional capacity-type of electrode 
system has been reported, including the film of multiwall 
CNTS (MWCNTs) [11–14]. Some challenging sensing 
application with the help of a mobile robot carrying 
sensors on board are more flexible and practical for field 
applications like environmental exploration [15], gas 
distribution modelling [16], buried land mine detection 
[17] or pollution monitoring [18] etc. sensing devices 
with high sensitivity, stability, and rapid response [19–
21] have also been demonstrated. By increasing surface 
volume ratio different types of sensing technique has also 
been introduced. metal-oxide nanostructures such as 
nanowires [22–29] and nanobelts [30–32] have been 
widely proposed in numerous studies.    
  Explosions are a phenomenon of underground 
coal mining and they may be either due to Methane 
(firedamp) alone or coal dust alone or both fire damp and 
coal dust. An early detection and alarm system for the 

presence of methane and CO gas in the underground coal 
mining environment will thus go a long way for ensuring  
 
the safety and security of the coal mines. Low power 
consumption is a fundamental requirement for a sensor 
system with an acceptable battery lifetime. Conventional 
metal oxide gas sensors, which are commonly used for 
sensing inflammable gases ((like CH4) and other toxic 
gases (like CO)) suffer from relatively high temperature 
(>=300oC) leading to high power consumption (e.g. 
pellistors require 350-850mW and Taguchi gas sensors 
require 230-760mW). However, the application of silicon 
MEMS technology may permit the desired benefits of 
reduced thermal mass, miniaturization, low power, 
reproducibility and low unit-cost. In this study the 
fabrication of simple MEMS based gas sensor has been 
demonstrated.   
 
Fabrication of Gassensor 

In this fabrication a double sided polished wafer 
is taken for making the MEMS based gas sensor. The 
wafer thickness is 0.25mm and resistivity is 4 to 7 Ω-cm. 
After Standard cleaning I and standard cleaning II is 
done to remove un wanted silicon particles, wax, and 
inorganic particles. 0.8 to 1 micrometer oxide layer is 
deposited as a passivation layer. Three level 
photolithography done to make the complete device 
structure. After 1st level photolithography titanium and 
platinum deposited using sputtering technique. Gold 
electroplating is done on the top of the micro heater 
elements, inter digited electrode (IDE) and contact pads. 
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Etch-back of gold from microheater element and IDE is 
done by using 2nd level lithography and 3rd level 
photolithography is done backside alignment for 

patterning of silicon dioxide for formation of membrane 
and scribe lines. The most important part is the 
micromachining technique. The   

 
Figure 1: Process flow chart of entire 2" process for obtaining 3mm X 3mm die of microheater 

 
power consumption can be controlled in silicon 
technique by the different micromachining structure. 
From the back side of the device 2.4 mm X 2.4 mm 
silicon substrate is extracted by using standard 
TMAH solution. Here a 100 micrometer silicon 
substrate is left from the bottom of the heater 
element. The better batter performance low power 
consumption can be done if the full silicon substrate 
can be removed from the bottom of heater where the 
heater element will be float on the top of the silicon 
di-oxide material. Titanium and platinum composite 
is used for making the better heating substrate by 
which absorbed gases are reduced. The power 
consumption factor is depends on the other 
phenomena is that the size of the die. If the die size 
reduces then the device operating voltage reduces 
which will be help full for coal mine.  
      

 
 

Figure 2: FESEM image of fabricated IDE and 
microheater 
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Figure 3: Micromachined structure from the back of 

the device 
 

Analytical Discussion 
Zinc oxide is deposited on the top of the 

IDE as the sensing material. Sensitization and 
activation is the other important part for getting better 
sensing response. It can be deposited the sensing 
material by using different deposition technique. 
Here sputtering of ZnO is done for sensing material 
which is shown in figure 4.      

 
Figure 4: FESEM image of deposited ZnO 

 
The heater power consumption of the 

fabricated device is less than 150 mW as the 
operating voltage is 6V. Due to low power 
consumption the device can be used for detecting the 
toxic gases in the deep level of coal mine. Table I 
shows the specification of the microheater. 

TABLE I 
SPECIFICATIONS OF THE MICROHEATER 

Sl 
No. 

Specifications of the device 
Specifications Value 

 
1 

 
Power consumption 
 

 
<=150mW 

 
2 

 
Operating voltage 

 
6V 

 
3 

 
Microheater filament             

 
Titanium, 
Platinum 

 
4 

 
Operating temperature      
    

 
220oC 
 

 
5 

 
Sensor Electrode 
 

 
Coplanar IDE 

 
From the fabricated microheater different 

types of phenomena is observed. First of all the 
stability of the deposited titanium and platinum is 
observed and different types of ratio of Ti/Pt are 
chosen and optimized. The other important part is 
resistance of deposited Ti/Pt by which the high 
temperature can be achieved. The characterization of   
microheater is done by using proxima and the heater 
resistance is measured around 130 to 150Ω which is 
good for high temperature (<=150oC) and low power 
consumption. 
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Figure 5: Characterization of microheater (I-V) 
 

Different types of sensing layer can be 
fabricated here the nano structure is used for making 
the sensing layer. As the surface to volume ratio is 
high for nano structure it shows the better result. 
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TABLE II 
Specifications of the Sensing layer 

Sl 
No. 

 
Identity 
 

 
Specifications 

 
1 

 
Low temperature response  
 

 
Nano structures 

 
2 

 
Gas sensing material (using 
sputtering/ Sol-gel) 
 

 
ZnO 

 
3 

 
Reduction of operating 
temperature 
 

 
<=200oC 

 
Conclusion 

Micro electro mechanical based gas sensor 
is well established technique for getting low power 
consumption. Here the MEMS structure is used and 
ZnO sensing material is also fabricated. The 
characteristics of ZnO nanoparticle sensors under 
various operation temperatures were examined. The 
optimized operating temperature was 120 °C with the 
proposed ZnO nanowire designed.    
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