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Abstract - Modern gas sensor technology is becoming an important part of our lives. It has been applied within the home
(monitoring CO levels from boilers), the workplace (e.g., checking levels of toxic gases) to healthcare (monitoring gases in
hospitals). We believe that the combination of CMOS technology with more recent different low power techniques is now mature
enough to deliver the exacting demands required to make low-power, low-cost smart gas sensors in high volume and this should
result in a new generation of CMOS gas sensors. In this paper, MOS based gas sensor is implemented by using VHDL. The
important characteristic of such type of sensor is that, they are made of piezoresistive material where according to gas
concentration , the electrical properties of such type of sensors are effected and show sensing behaviour for incoming gas.
Additionally, VHDL implementation is easy, simple and further we can do FPGA Implementation where devices are more
integrated and easy to use .Simulation tool is ISE Xilinx where results showing from safe to harmful region.
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1. Introduction

Gas concentration in air can be detected by measuring the resistance change of MOS-type gas sensors. The sensor market is
undergoing continuous development to satisfy the increasing demand for portable sensing applications, mainly for healthcare,
environmental and industrial monitoring. In fact, portability significantly widens the spectrum and scenarios of sensing
applications but requires optimization of the sensor system at all levels from transducer developments to the design of power-
efficient electronic interfaces. Only in this way ,it is possible to attain a system showing the required low-voltage single-supply
operation for compatibility with low-form batteries, low power consumption to extend the life of the battery and small size to
ensure portability. In the case of remote sensing systems, such as wireless sensor networks (WSNs), the deployment impact
must also be minimize[1].

1.1General circuit diagram of gas sensor
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Fig-1: General circuit diagram of Gas Detection System [6]
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2. Working principle of gas sensor

This schematic of the circuit used to monitor the sensor response and the operating temperature. Two external voltages are
applied to sensor .one is used to preheat the sensor Vi while second supply (Vsupp) is used to read out output voltage through a
voltage divider. Output is then processed by DAQ. The sensors are heated to a particular temperature by flowing the
precalibration current through the heating element. A current flow of 2.8ma.um? through heating layer is required for an

operating temperature of about 300degree centigrade. This corresponds to a maximum power consumption of about 200mw
per chip.

Heater resistance (Ru) and Heatervoltage (Vu) are different for different gases .At paticular heater voltage Vi stable operation
of sensor is found for specific gases. Sensor resistance R, is changes according to gas concentration for different different
gases. There is no empirical formula between Concentration of gases and sensor resistance (Rs),for again, particular gas with
sensing element is not found yet. According to experiments we can use this relation are shown below :

Where

R(s) is the resistance of the film at gas concentration C

Ry is the resistance at zero gas concentration

K is a sensitivity parameter measurement constant

n is a parameter that varies in the range 0.3 to 0.8

The positive sign is used for oxidizing gases and the negative sign is for reducing gases

v e

Measured Output voltage (Vour) can be calculated by:

_Rs
Vour R, Vo 2

Where R; =Sensor resistance.
Ru = Heater resistance at particular heater voltage, depend on type of sensor (fixed value).
Vin = required circuit input voltage<= 5V
3.Different gas sensors technologies:
Now a day’s gas sensing technologies are:

1. Metal Oxide Based Gas Sensors

2. Capacitance Based Gas Sensors

3. Acoustic Wave Based Gas Sensors
4. Calorimetric Gas Sensors

5. Optical gas sensors

6. Electrochemical gas sensors
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3.1 Metal Oxide Based Gas Sensors

In MOS based gas sensor, surface property will be change according to the gas concentration as the sensitive part of these
type of sensors are on the surface with piezoresistive material like Zn0,TiO2 etc. Gas concentration in air can be detected by
measuring the resistance change of MOS-type gas sensors. Metal oxide sensors are also known as chemiresistors. The
detection principle of resistive sensors is based on change of the resistance of a thin film upon adsorption of the gas
molecules on the surface of a semiconductor. The gas-solid interactions affect the resistance of the film because of the
density of electronic species in the film. The chemical reaction of gases and adsorbed oxygen on the film for e.g. tin dioxide
surface varies depending on the reactivity of sensing materials and working temperature of the sensor. Advantages are low
cost, short response time, long lifetime, high sensitivity. Limitations of such type of gas sensors are high energy
consumption, sensitive to environmental factors.

3.2 Capacitance Based Gas Sensors

They measured the change in dielectric constant of films between the electrodes as a function of the gas concentration. The
capacitive sensor relies on inter-digitated electrode structures, which correspond to the two plates of a standard capacitor, to
monitor changes of the dielectric coefficient of the film. The simple theory behind it is, if the dielectric constant of the film is

lower than that of the analyte, the capacitance will increase and vice versa.
3.3Acoustic Wave Based Gas Sensors

Sound based gas sensors are known as acoustic wave based gas sensor. To launch the acoustic waves, this type of sensors
used piezoelectric material either in the thin film form or in bulk form which has one or more transducers on its surface. This
type of acoustic waves generated and device resonant frequency has been determined[3]. Depending on that, it is possible to
measure properties, processes, or chemical species in the gas phase, liquid phase, vacuum or thin solid films. Advantages are
long lifetime, avoiding secondary pollution. Disadvantages are Low sensitivity as compared above.

3.4Calorimetric Gas Sensor

The principle of Calorimetric gas sensors based on change in temperature at catalytic surfaces. It consists of a surface of a film
of a catalytically active metal (e.g. Platinum, Palladium or Rhodium).It burns combustible gases. Heat is generated due to the
combustion. This heat is balanced by a reduction in the electrical heating power. Thus the power consumption indicates the
concentration of gas. Advantages are adequate sensitivity for industrial detection, excellent separation performance and
disadvantages are risk of catalyst poisoning and explosion, intrinsic deficiencies in selectivity

3.5 Optical gas sensors

In these sensors a desired quantity is determined by: Refractive index (Speed of the light) absorbance and fluorescence
properties (of the analytic molecules or chemo-optical transuding element.)[4].There advantages are Insensitive to
environment change, long lifetime and disadvantages are difficulty in miniaturization, high cost.
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Table 1: Comparison of Gas sensing Technologies [ 7]
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4.MOS based sensing element There are different harmful gases which are shown in table2 of having different sensing

elements are-

Table2: Harmful gases with their sensing element

S.NO Harmful gases Sensing
element
1 Carbon monoxide Ti02,Sn02
2. Methane( CH4) TiO2,Zn0
3. Carbon di oxide Zn0O
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These sensing elements are showing piezo-resistive properties & the basic detection process is discussed in section 3.1

Table-3. Gases in atmosphere with concentration upto harmful level

S.NO Harmful gases Normal gas Harmful gas Sensing Effects
concentration in concentration level element
(ppm) in( ppm)
1 Carbon Trace(which is less - Ti02,Sn0; Carbon monoxide can harm the
monoxide (CO) | than 1% by volume) heart, brain, and lungs.
Breathing carbon monoxide during
pregnancy can harm your unborn
child
2. Methane( 1.79 Up to 1000ppm Ti02,Zn0 Methane in its gas form is an
CH4) asphyxiant, which in high
concentrations may displace the
oxygen supply you need for
breathing, especially in confined
spaces. Decreased oxygen can cause
suffocation and loss of
consciousness. It can also cause
headache, dizziness, weakness,
nausea, vomiting, and loss of
coordination. Skin contact with
liquid methane can cause frostbite.
3. Carbon di 397 >0.5%(up to Zn0 Adverse effects on
oxide 5000ppm) humans,children& plants
4. Sulphur di 1-5 20+ Paralysis or death occurs after
oxide extended exposure

6. Experimentation

Sensing element of methane gas is Ti02,Zn0.If methane concentration is found from 1.79ppm to greater than ,this region is
safe for environment & their species similar for the case of harmful region is modeled & simulated.
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Sensing element of methane gas
are TiO2 or ZnO

Conc of methane gas can be
detected by measuring resistance
change in MOS type gas sensor

T
methane gas is
present

methane gas is
absent

Fig-2: Flowchart of methane gas detection system
Similarly for CO & other harmful gases can be done.

6.1 Simulation
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Fig-3: Test bench waveform
Fig 3 shows the test bench waveform of methane gas detection system by VHDL programming.

We took a methane _gas and clk as an input Safe_gas&harm_gaslevel is shown in output for defined concentration level of
gases (ppm) in terms of decimal to BCD conversion form.

7. Proposed model for FPGA Implementation
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Fig-4: Proposed Model of Gas Sensor

Figd Shows that the proposed model for gas detection system in which concentration of gases in terms of ppm as a input
and then decimal to BCD conversion and after that FPGA Implementation will be done with LCD Interfacing.

8. Conclusion

In this paper, we described MOS based gas sensor by using xilinx software in which VHDL programming is done
.Various concentration of gases is to be taken like carbon di oxide(CO:),methane(CH4) and carbon-mono-oxide
(CO).
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