
UOK621.3:(53+54+621 +66), ISSN0352-9045 Informacije MIOEM 39(2009)2, Ljubljana 

MODELING OF SURFACE ACOUSTIC WAVE CHEMICAL 
VAPOR SENSORS 

Zdravko Zivkovi61
, Marija Hribsek 1 and Dejan Tosi62 

1 Institute Gosa, Belgrade, Serbia 
2School of Electrical Engineering, University of Belgrade, Belgrade, Serbia 

Key words: SAW, surface acoustic wave, vapor sensor, polymer 

Abstract: New approach to modeling and analysis of transversal surface acoustic wave (SAW) chemical vapor sensors is presented. The sensor is 
modeled as a two-port device with parts represented by equivalent circuits. Change of output voltage, or frequency, as a function of vapor concentration 
is calculated. The model is general and includes propagation losses which are usually neglected in analysis methods. Closed form expressions for vapor 
concentration estimations are obtained. Simulation results are compared to experimental data. The approach enables better insight in the sensor opera­
tion and therefore the optimal design of vapor sensors. 

Modeliranje SAW senzorja kemicnih hlapov 

Kjucne besede: SAW, povrsinski akusticni valovi, senzor hlapov, polimer 

Izvlecek: V prispevku predstavimo nov pristop k modeliranju in analizi transverzalnega SAW senzorja kemicnih hlapov. Senzor z dvema prikljuckoma 
modeliramo z nadomestnimi vezji. Izracunavamo spremembo izhodne napetosti ali frekvence v odvisnosti od koncentracije hlapov. Model je splosen in 
uposteva izgube, ki jih druge analize zanemarijo. Simulacije primerjamo z merjenimi rezultati. Nas pristop omogoca boljse razumevanje delovanja senzorja 
zatorej tudi moinost optimalnega nacrtovanja kemicnih senzorjev hlapov. 

1. Introduction 

In the last two decades surface acoustic wave (SAW) chem­
ical vapor sensors have found numerous applications due 
to their compact structure, high sensitivity, small size, out­
standing stability, low cost, fast real-time response, pas­
sivity, and above all their ability to be incorporated in com­
plex data processing systems. They can be used for in 
situ monitoring and sensing systems. /1,2,3/ 

The basic principle of SAW sensors is the reversible sorp­
tion of chemical vapors by a solvent coating which is sensi­
tive to the vapor to be detected. It is interesting that a SAW­
based sensor system is used as a volatile organic contami­
nation monitoring system for the satellite and space vehicle 
assembly rooms in NASA. SAW sensors have been able to 
distinguish organophosphates, chlorinated hydrocarbons, 
ketones, alcohol, aromatic hydrocarbons, saturated hydro­
carbons, and water / 1 /. SAW sensors are particularly use­
ful for wireless monitoring in harsh environment /4/. 

Surface acoustic waves were discovered in 1885 by Lord 
Rayleigh and are often named after him as Rayleigh waves 
/5/. A surface acoustic wave is a type of mechanical wave 
motion which travels along the surface of a solid material, 
referred to as substrate. The amplitude of the wave de­
cays exponentially with distance from the surface into the 
substrate, so that the most of the wave energy is confined 
to within one wavelength of the surface /6,7/. The veloc­
ity of acoustic waves is typically 3000 m/s , which is much 
lower than the velocity of the electromagnetic waves. 

A basic SAW device was originally developed in 1965 /8/. 
It consists of two interdigital transducers (lOTs) on a piezo-

electric substrate such as quartz. Each lOT is a reversible 
element made of interleaved metal electrodes, which are 
used to launch and receive the waves: an electrical signal 
is converted to an acoustic wave and then back to an elec­
trical signal. An lOT is a bidirectional transducer that radi­
ates energy equally on both sides of the electrodes. Con­
sequently, theoretical insertion loss introduced by an lOT 
is at least 6 dB. 

Starting around 1970, different kinds of SAW devices were 
developed for applications in pulse compression radars, 
satellite communications and signal processing systems, 
mobile radio, and cellular telephones /9,10/. There are 
very broad ranges of commercial and military system ap­
plications that include components for radars, front-end 
and IF filters, CATV and VCR components, cellular radio 
and pagers, synthesizers and analyzers, navigation, com­
puter clocks, tags, and many, many others /11,12/. SAW 
devices have found numerous applications outside their 
conventional fields, communications and signal process­
ing. In the last two decades considerable work has been 
done in the development of SAW sensors of different types. 
High quality SAW filters are used as temperature, pres­
sure and stress sensors /4,13/ as well as chemical and 
biosensors /14,15/. Generally, two types of chemical SAW 
sensors are used: transversal (or delay) and resonant. 

Analysis of SAW devices can be approached to in three 
ways: (1) exact analysis by solving the wave equation, (2) 
approximate analysis by means of equivalent electro-me­
chanical circuits, and (3) approximate analysis via the del­
ta function model /9,pp.55-122/. It is well known that the 
exact analysis of SAW devices using surface wave theory 
is very complex (even in the case of a free surface) 
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