
INTRODUCTION Volatile Organic Compounds (VOC) which

evaporate easily at room temperature. Human exhaled breath
consists of more than 3000 VOCs like carbon dioxide, acetone,
methanol, ethanol butane and formaldehydes. Exhaled breath
analysis is a non-invasive technique adopted for the purpose of
diagnosing respiratory track issues. Estimation of several gases such
as acetone detection is considered, In order to achieve a SAW
sensor is designed and simulated by using COMSOL Multiphysics
5.0®. Estimation Of gas sensor adsorption rate and conductivity is
observed based on electric potentials, Frequency response is
analyzed at various Eigen values, depends on the results obtained
further characterization and fabrication of Biosensor is carried out
to detect VOC thereby Human exhaled breathe Analysis can be
estimated.

COMPUTATIONAL METHODS: The simulation modeling of

SAW sensor is fabricated by COMSOL Multiphysics® 5.0 The use
of periodic boundary condition implies that the frequencies of
interest will correspond to wavelengths that are integer fractions
of the width of the geometry. The lowest SAW Eigen mode has
its wavelength equal to the width of the geometry of 3 to 4 μm.
Using the Rayleigh wave velocity for the given piezoelectric
substrate material, estimation of resonance frequency is the
main theme of this work.

RESULTS: The simulated results obtained are Eigen frequency

solver, from COMSOL Multiphysics 5.0® to find out the resonance
frequencies. In this model, a YZ-cut LiNbO3 whose Rayleigh wave
velocity (v) is around 3000 m/s. This gives an estimate of the lowest
SAW frequency (f0) to be 848 MHz and maximum Eigen value
obtained is 972 MHz.

CONCLUSION: MEMS VOC sensor structures designed using

COMSOL Multiphysics® structural and frequency analysis applied to
achieve high sensitivity, selectivity and repeatability of bio sensor.
Estimation of gas sensor adsorption rate and conductivity is
observed based on surface electric potentials, Frequency response
is analyzed at various Eigen values, thereby detected VOCs Human
exhaled breathe Analysis can be estimated and further lead to
fabrication.
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Figure 3. Comsol IDT Structure to 
estimate Surface roughness and Cancer 
Cell Progression.
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Figure 5. Simulated  Rectangular 
Eigen frequency vs  displacement 

Table 1. FE ANALYSIS OF PZT bar Figure7. Switch mode (1) Eigen 
frequency Vs Total Displacement

Figure 1. MEMS Design Flow 
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No. Number of

boundary

elements

Number of

elements

Resolved

by meshing

tetrahedral

Minimum

element

quality

1 154 166 0.5643

2 191 1091 0.2294

3 1196 17993 0.05709

4 1997 38018 0.01082

Figure 2. MEMS  SAW  sensor Design 

Figure 4. SAW sensor switch mode 1  Eigen 
frequency at 8.489E8 Vs Surface Electric 
potential (V)  

Figure 6.  SAW Eigen frequency 
at 9.3516E8 Vs Total Surface 

displacement 1.28x10-3  

Figure 8. Switch mode ( 1) Eigen frequency at 9.1851E8Vs SE potential (v)   
Figure 9. switch mode 1 Eigen frequency at 9.7219E8Vs SE potential (v) 

Figure 5. SAW Sensor Array  &  Internal layers  with IDTs (8)  

Anisotropic piezoelectric material such as Lithium Niobate Y-Z cut, 
used as  the  Material  designed with IDT structures as shown fig (2) 
and figure 5. 
The sensitivity, S, of a gas sensing device is given by S = dR/dn where
R is the device response & n is the gas Concentration. The response R
for an uncoated substrate is as in below equation R. ∆ν is change of
the SAW wave velocity after gas absorption and ∆m/As is the mass
loading per sensitive surface unit.


