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(57) ABSTRACT 

A surface Wave device can be con?gured to include an 
interdigital transducer and an acoustic coating formed upon 
a piezoelectric substrate, Wherein the interdigital transducer 
is selected to introduce negligible electrical coupling to 
surface Waves thereof. Additionally, an antenna can be 
integrated With the surface Wave device, Wherein the antenna 
receives one or mores signals, Which excite the acoustic 
Wave device to produce multiple modes frequency outputs in 
Which temperature and pressure effect changes are separated 
from one another for analysis thereof. 
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PASSIVE WIRELESS PIEZOELECTRIC SMART 
TIRE SENSOR WITH REDUCED SIZE 

TECHNICAL FIELD 

[0001] Embodiments are generally related to sensing 
devices and techniques. Embodiments are also related to 
interdigital surface Wave sensor devices, such as, for 
example, surface acoustic Wave (SAW) and bulk acoustic 
Wave (BAW) devices and sensors. Embodiments also relate 
to tire pressure and temperature sensors utiliZed for moni 
toring vehicle tires. 

BACKGROUND OF THE INVENTION 

[0002] Acoustic Wave sensors are utiliZed in a number of 
sensing applications, such as, for example, temperature, 
pressure and/or gas sensing devices and systems. Examples 
of surface Wave sensors include devices such as acoustic 
Wave sensors, Which can be utiliZed to detect the presence of 
substances, such as chemicals. An acoustic Wave (e.g., 
SAW/BAW) device acting as a sensor can provide a highly 
sensitive detection mechanism due to the high sensitivity to 
surface loading and the loW noise, Which results from their 
intrinsic high Q factor. 

[0003] Surface acoustic Wave devices are typically fabri 
cated using photolithographic techniques With comb-like 
interdigital transducers placed on a pieZoelectric material. 
Surface acoustic Wave devices may have either a delay line 
or a resonator con?guration. The selectivity of a surface 
acoustic Wave chemical/biological sensor is generally deter 
mined by a selective coating placed on the pieZoelectric 
material. The absorption and/or adsorption of the species to 
be measured into the selective coating can cause mass 
loading, elastic, and/or viscoelastic effects on the SAW/ 
BAW device. The change of the acoustic property due to the 
absorption and/or adsorption of the species can be inter 
preted as a delay time shift for the delay line surface acoustic 
Wave device or a frequency shift for the resonator (BAW/ 
SAW) acoustic Wave device. 

[0004] Acoustic Wave sensing devices often rely on the 
use of quartZ crystal resonator components, such as the type 
adapted for use With electronic oscillators. In a typical 
gas-sensing application, the absorption of gas molecules in 
a selective thin ?lm coating (i.e., applied to one surface of 
the crystal) can increase the mass of the crystal, While 
loWering the crystal’s resonant frequency. The frequency of 
a thickness shear mode (TSM) crystal unit, for example, 
such as an AT-cut unit, is inversely proportional to the 
thickness of the crystal plate. For example, a typical S-MHZ 
3rd overtone plate is on the order of 1 million atomic layers 
thick. The absorption of analyte is equivalent to the mass of 
one atomic layer of quartZ, Which changes the frequency by 
approximately 1 ppm. 

[0005] The thickness-shear-mode resonators are therefore 
Widely referred to as a quartZ crystal microbalance. Calcu 
lations have determined that the sensitivity of a fundamental 
mode is approximately 9 times more sensitive than that of a 
3rd overtone. A 5 MHZ AT-cut TSM crystal blank, for 
example, is approximately 0.33 mm thick (fundamental). 
The thickness of the electrodes can be, for example, in a 
range of approximately 0.2-0.5 pm. The change in frequency 
due to the coating is typically: AF=—2.3><106 F2 (AM/A), 
Where the value AF represents the change in frequency due 
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to the coating (HZ), F represents the frequency of the quartZ 
plate (HZ), AM represents the mass of deposited coating (g), 
and the value A represents the area coated (cm2). 

[0006] Selective adsorbent thin ?lm coated acoustic sen 
sors such as, for example quartZ crystal resonators, surface 
acoustic Wave and quartZ crystal microbalance devices are 
attractive to chemical/biological detection applications 
because of their high sensitivity, selectivity and ruggedness. 
The detection mechanism implemented depends on changes 
in the physicochemical and electrical properties of the 
coated pieZoelectric crystal When exposed to gas. Measure 
ment results are usually obtained as the output frequency of 
a loop oscillator circuit, Which utiliZes a coated crystal as the 
feedback element. 

[0007] When the sensor is exposed to analytes, the thin 
?lm adsorbs the analytes, and a corresponding frequency 
shift is measured as a result of any physicochemical and 
electrical changes. Factors that contribute to the coating 
properties include coating density, coating modulus, sub 
strate Wetting, coating morphology, electrical conductivity, 
capacitance and permittivity. Coating materials selection, 
coating structures and coating techniques affect the sensors’ 
responses. 

[0008] Conventional techniques for thin ?lm deposition 
vary extensively, depending on the properties of the coating 
materials and substrate. Examples of such techniques 
include CVD, PVD, and sol-gel for most of the inorganic 
and composite materials. For polymeric materials, self 
assembly dipping methods, casting, spray coating, and/or 
spin coating from a solution of the polymer in a volatile 
solvent are often preferred. Con?gurations based on these 
conventional techniques generally determine the properties 
of an acoustic Wave sensor. Coating methods are also 
important for a sensor’s repeatability. Because of their 
relatively short lifetimes, such sensors are replaced more 
often than those based on metal oxide. When sensors are 
replaced, they lose their memory of previously learned 
odors. In other Words, the response curves of such devices 
vary, and the replacement sensors must then be retrained 
and/or recalibrated. 

[0009] For practical reasons, Zeolites are Widely utiliZed as 
the physisorption coating materials. Zeolites are crystalline 
alumino-silicates of alkali or alkaline earth elements (e.g., 
Li, Na, K, Mg, Ca, Ba) With frameWorks based on extensive 
3-dimentional netWorks of A104 and SO4 tetrahedra. These 
tetrahedra are assembled into secondary polyhedral building 
blocks such as cubes, octahedral and hexagonal prisms. The 
?nal Zeolite structure consists of assemblages of the sec 
ondary blocks into a regular, 3 dimentional crystalline 
frameWork. Each aluminum atom has a (—1) charge and this 
gives rise to an anionic charge in the netWork. 

[0010] Cations are necessary to balance the charge and 
occupy non-frameWork positions. Typically the frameWork 
is composed of a regular structure of interconnected cages 
and/or channels. These systems of essentially “empty” cages 
and/or channels provide the high storage capacities neces 
sary for good adsorbents. Zeolite adsorbents are character 
iZed by their uniform intra-crystalline aperture siZes. The 
uniformly siZed apertures enable molecular discrimination 
on the basis of siZe (e.g., steric separation). Molecules larger 
than the maximum siZe that can diffuse into the crystal are 
excluded. The adsorption capacity and selectivity can be 
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signi?cantly affected by the type of cation used and the 
extent of ion exchange. This type of modi?cation is impor 
tant in optimizing Zeolites for gas separation. 

[0011] The uniform pore structure, ease of aperture siZe 
modi?cation, excellent thermal and hydrothermal stability, 
high sorption capacity at loW partial pressures, and modest 
cost have made Zeolites Widely used in many separation 
application. For example, a selective adsorbent thin ?lm 
coated quartZ crystal microbalance chemical sensor can be 
utiliZed for the selective detection of CO. The thin coating 
comprises a solid non-porous inorganic matrix and porous 
Zeolite crystals contained Within the inorganic matrix, the 
pores of the Zeolite crystals selectively adsorb chemical 
entities of a siZe less than a preselected magnitude. 

[0012] The matrix can be selected from the group of 
sol-gel derived glasses, polymers and clay. The pores of the 
Zeolite crystals are modi?ed so as to be LeWis or Bronsted 
acidic or basic and capable of providing intraZeolite ligation 
by the presence of metal ions. The ?lm is an alumina, 
boro-alumino-silicate, titania, hydrolyZed diethoxydiphenyl 
silane, or silane rubber matrix containing Zeolite crystals. 
The thickness of the inorganic matrix is generally about 
0.001-10 pm and the diameter of the pores of the Zeolite 
crystals is approximately 025-12 nm. The coating is a 
single layer of Zeolite crystals protruding from an amor 
phous SiO2 matrix. 

[0013] A polymer can be de?ned as a compound consist 
ing of a large number of repeating units, called monomers. 
These monomers are joined together by covalent bonds to 
form a long chain. The degree of polymeriZation is de?ned 
as the number of repeating units in the chain. The properties 
of the polymer depend on the overall siZe of the polymer 
chain and on the inter- and intra-molecular forces that hold 
the polymer together. In general, the polymer properties of 
interest can be characteriZed as diffusion/permeation prop 
erties or as mechanical properties. The measurement of 
diffusion/permeation properties is straightforward When dif 
fusion of a species into a polymer ?lm produces a simple 
mass-loading effect. Polymers used as sensor coatings are 
butyl rubber, cellulose polymers, polysiloxanes, polyaniline 
and polyethylene, etc. 

[0014] Polymers, speci?cally rubbery, amorphous poly 
mers, have several inherent advantages as chemically sen 
sitive sensor coatings. They can be deposited as thin, adher 
ent, continuous ?lms of fairly uniform thickness by solvent 
casting or spray coating. They are nonvolatile and of homo 
geneous composition, and their chemical and physical prop 
erties can be modi?ed to some extent by judicious choice of 
monomers and synthetic procedures. The glass transition 
temperature Tg, is the temperature at Which a polymer 
changes from glassy to rubbery. Above Tg, permeability is 
governed entirely by diffusion forces and adsorption pro 
ceeds rapidly and reversibly. One more advantage of rub 
bery, amorphous polymers is that their sorption isotherms 
are often linear over relatively large ranges in penetrant 
concentration. 

[0015] In general, the coated adsorbent thin ?lm must be 
uniform, adherent, thin, chemically and physically stable 
When in contact With its Working medium. Uniformity in 
?lm thickness is not crucial, but can be important in some 
cases, i.e., When the rate of permeation is used to identify an 
analyte. The selectivity of the acoustic Wave sensor is 
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in?uenced by the structure of the coatings. The different ?lm 
structures and thus different response properties can be 
achieved by varying the ratio of the materials forming the 
sensing ?lm. 

[0016] In order to construct a sensing ?lm With desired 
response properties, the analyte molecules and sensing ?lm 
materials can be mixed in a solution Which in order to result 
in the most suitable formation because of af?nity. The 
interaction force is selected by the af?nity betWeen the 
sensing ?lm and analyte. This can easily result in a sensor 
With desired response properties. In the case of a gas sensor, 
in order to achieve the same result, one should fabricate the 
adsorbent thin ?lm in a glove box ?lled With the sample gas. 
Other methods include molecular imprinting (i.e., forming 
speci?c sorption sites using molecularly imprinted poly 
mers) and host-guest interaction (i.e., a result of structural 
interaction betWeen a host molecule, such as cyclodextrin, 
and a guest molecule). 

[0017] Acoustic Wave sensors, such as those described 
above, can be utiliZed for a number of sensing operations, 
such as in monitoring vehicle tires. To date, most tire sensing 
systems incorporate sensor devices, such as SAW sensors, 
Which typically incorporate 2-3 sensors on a single sensing 
chip. Such sensors are designed to sense pressure and 
temperature. It is believed, hoWever, that such sensors can be 
improved if a design can be implemented in Which only one 
sensor is located on a single chip, and Which can sense a 
variety of activities such as both pressure and temperature. 

BRIEF SUMMARY OF THE INVENTION 

[0018] The folloWing summary of the invention is pro 
vided to facilitate an understanding of some of the innova 
tive features unique to the present invention and is not 
intended to be a full description. A full appreciation of the 
various aspects of the invention can be gained by taking the 
entire speci?cation, claims, draWings, and abstract as a 
Whole. 

[0019] It is, therefore, one aspect of the present invention 
to provide improved sensor devices and sensing techniques. 

[0020] It is another aspect of the present invention to 
provide for an improved surface Wave sensor device. 

[0021] It is yet a further aspect of the present invention to 
provide an improved interdigital surface Wave device, such 
as, for example, a multiple mode surface acoustic Wave 
(SAW) or bulk acoustic Wave (BAW) sensing devices. 

[0022] It is also an aspect of the present invention to 
provide for a pressure and temperature sensor, Which utiliZes 
only one sensor on a sensing chip thereof, rather than a 
plurality of sensors on the chip. 

[0023] The aforementioned aspects of the invention and 
other objectives and advantages can noW be achieved as 
described herein. A sensor system and method are disclosed. 
A surface Wave device can be con?gured to include an 
interdigital transducer and an acoustic coating formed upon 
a pieZoelectric substrate, Wherein the interdigital transducer 
is selected to introduce negligible electrical coupling to 
surface Waves thereof. Additionally, an antenna can be 
integrated With the surface Wave device, Wherein the antenna 
receives one or mores signals, Which excite the acoustic 
coating to produce multiple modes frequency outputs in 
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Which temperature and pressure effect changes are separated 
from one another for analysis thereof. A transmitter and 
receiver unit can also be provided for transmitting the signal 
to the antenna integrated With surface Wave device for 
exciting the acoustic Wave device to produce the multiple 
modes frequency outputs in Which the temperature and 
pressure effect changes are separated from one another for 
analysis thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The accompanying ?gures, in Which like reference 
numerals refer to identical or functionally-similar elements 
throughout the separate vieWs and Which are incorporated in 
and form a part of the speci?cation, further illustrate the 
present invention and, together With the detailed description 
of the invention, serve to explain the principles of the 
present invention. 

[0025] FIG. 1 illustrates a perspective vieW of an inter 
digital surface Wave device, Which can be implemented in 
accordance With one embodiment of the present invention; 

[0026] FIG. 2 illustrates a cross-sectional vieW along line 
A-A of the interdigital surface Wave device depicted in FIG. 
1, in accordance With one embodiment of the present inven 
tion; 
[0027] FIG. 3 illustrates a perspective vieW of an inter 
digital surface Wave device, Which can be implemented in 
accordance With an alternative embodiment of the present 
invention; 
[0028] FIG. 4 illustrates a cross-sectional vieW along line 
A-A of the interdigital surface Wave device depicted in FIG. 
3, in accordance With one embodiment of the present inven 
tion; 
[0029] FIG. 5 illustrates an exploded vieW a tire sensor 
system, Which can be implemented in accordance With an 
alternative embodiment of the present invention; and 

[0030] FIG. 6 illustrates a block diagram of an acoustic 
Wave sensor system, Which can be implemented in accor 
dance With an alternative embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] The particular values and con?gurations discussed 
in these non-limiting examples can be varied and are cited 
merely to illustrate at least one embodiment of the present 
invention and are not intended to limit the scope of the 
invention. 

[0032] FIG. 1 illustrates a perspective vieW of an inter 
digital surface Wave device 100, Which can be implemented 
in accordance With one embodiment of the present inven 
tion. Surface Wave device 100 generally includes an inter 
digital transducer 106 formed on a pieZoelectric substrate 
104. The surface Wave device 100 can be implemented in the 
context of a sensor chip. Interdigital transducer 106 can be 
con?gured in the form of an electrode. Acoating 102 can be 
selected such that a particular species to be measured is 
absorbed by the coating 102, thereby altering the acoustic 
properties of the interdigital surface Wave device 100. Vari 
ous selective coatings can be utiliZed to implement coating 
102. A change in acoustic properties can be detected and 
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utiliZed to identify or detect the substance or species 
absorbed and/or adsorbed by the coating 102. Thus, coating 
102 is generally excited to implement a surface acoustical 
model. Such an excitation, hoWever, can produce a variety 
of other modes of interdigital surface Wave device 100. 

[0033] Many modes of vibrations can exist in interdigital 
surface Wave device 100, such as, for example, surface 
acoustic Wave (SAW) and bulk acoustic Wave (BAW) 
modes. Unlike, interdigital surface Wave device 100, most 
acoustic Wave devices are designed such that only one mode 
of vibration is optimiZed, While other modes are suppressed. 
Such “undesired” mode(s), hoWever, can be utiliZed for 
desorption in af?nity/adsorption sensing. Such modes can 
include, for example, ?exural plate mode (FPM), acoustic 
plate mode, shear-horiZontal acoustic plate mode (SH 
APM), amplitude plate mode (APM), thickness shear mode 
(TSM), surface acoustic Wave (SAW) mode, bulk acoustic 
Wave mode (BAW), Torsional mode, love Wave, leaky 
surface acoustic Wave mode (LSAW), pseudo surface acous 
tic Wave mode (PSAW), transverse mode, surface-skimming 
mode, surface transverse mode, harmonic modes, and/or 
overtone modes. Thus, in accordance With embodiments 
disclosed herein, multiple vibration modes can be utiliZed to 
produce a multiple mode acoustic Wave device, such as, 
interdigital surface Wave device 100. 

[0034] FIG. 2 illustrates a cross-sectional vieW along line 
A-A of the interdigital surface Wave device 100 depicted in 
FIG. 1, in accordance With one embodiment of the present 
invention. Piezoelectric substrate 104 can be formed from a 
variety of substrate materials, such as, for example, quartZ, 
lithium niobate (LiNbO3), lithium tantalite (LiTaO3), 
Li2B4O7, GaPO4, langasite (La3Ga5SiO14), ZnO, and/or 
epitaxially groWn nitrides such as Al, Ga or Ln, to name a 
feW. Interdigital transducer 106 can be formed from mate 
rials, Which are generally divided into three groups. First, 
interdigital transducer 106 can be formed from a metal 
group material (e.g., Al, Pt, Au, Rh, Ir Cu, Ti, W, Cr, or Ni). 
Second, interdigital transducer 106 can be formed from 
alloys such as NiCr or CuAl. Third, interdigital transducer 
106 can be formed from metal-nonmetal compounds (e.g., 
ceramic electrodes based on TiN, CoSi2, or WC). 

[0035] The coating 102 need not cover the entire planar 
surface of the pieZoelectric substrate 104, but can cover only 
a portion thereof, depending upon design constraints. Selec 
tive coating 102 can cover interdigital transducer 106 and 
the entire planar surface of pieZoelectric substrate 104. 
Because interdigital surface Wave device 100 functions as a 
multiple mode sensing device, excited multiple modes 
thereof generally occupy the same volume of pieZoelectric 
material. Multiple modes excitation alloWs separations of 
temperature change effects from pressure change effects. 
The multi-mode response can be represented by multiple 
mode equations, Which can be solved to separate the 
response due to the temperature and pressure. 

[0036] FIG. 3 illustrates a perspective vieW of an inter 
digital surface Wave device 300, Which can be implemented 
in accordance With an alternative embodiment of the present 
invention. The con?guration depicted in FIGS. 3-4 is simi 
lar to that illustrated in FIGS. 1-2, With the addition of an 
antenna 308, Which is connected to and disposed above a 
Wireless excitation component 310 (i.e., shoWn in FIG. 4). 
Surface Wave device 300 generally includes an interdigital 
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transducer 306 formed on a piezoelectric substrate 304. 
Surface Wave device 300 can therefore function as an 

interdigital surface Wave device, and one, in particular, 
Which utilizing surface-skimming bulk Wave techniques. 
Interdigital transducer 306 can be con?gured in the form of 
an electrode. A coating 302 can be selected such that a 
particular species to be measured is absorbed by the coating 
302, thereby altering the acoustic properties of the interdigi 
tal surface Wave device 300. Various selective coatings can 
be utiliZed to implement coating 302. 

[0037] Achange in acoustic properties can be detected and 
utiliZed to identify or detect the substance or species 
absorbed and/or adsorbed by the coating 302. Thus, coating 
302 can be excited via Wireless means to implement a 
surface acoustical model. Thus, antenna 308 and Wireless 
excitation component 310 can be utiliZed to excite multiple 
modes, thereby alloWing separation of temperature change 
effects from pressure change effects. Such an excitation can 
produce a variety of other modes of interdigital surface Wave 
device 300. 

[0038] FIG. 4 illustrates a cross-sectional vieW along line 
A-A of the interdigital surface Wave device 300 depicted in 
FIG. 3, in accordance With one embodiment of the present 
invention. Thus, antenna 308 is shoWn in FIG. 4 disposed 
above coating 302 and connected to Wireless excitation 
component 310, Which can be formed Within an area of 
coating 302. Similar to the con?guration of FIG. 2, PieZo 
electric substrate 304 can be formed from a variety of 
substrate materials, such as, for example, quartZ, lithium 
niobate (LiNbO3), lithium tantalite (LiTaO3), Li2B4O7, 
GaPO4, langasite (La3Ga5SiO14), ZnO, and/or epitaxially 
groWn nitrides such as Al, Ga or Ln, to name a feW. 
Interdigital transducer 306 can be formed from materials, 
Which are generally divided into three groups. First, inter 
digital transducer 106 can be formed from a metal group 
material (e.g., Al, Pt, Au, Rh, Ir Cu, Ti, W, Cr, or Ni). 
Second, interdigital transducer 106 can be formed from 
alloys such as NiCr or CuAl. Third, interdigital transducer 
306 can be formed from metal-nonmetal compounds (e.g., 
ceramic electrodes based on TiN, CoSi2, or WC). 

[0039] FIG. 5 illustrates an exploded vieW a tire sensor 
system 500, Which can be implemented in accordance With 
an alternative embodiment of the present invention. System 
500 can be implemented in the context of a tire 502 
associated With a drum-type brake. It can be appreciated, 
hoWever, that system 500 can be implemented in the context 
of other brake systems, such as disk brakes. Tire 502 
includes a tire rim 504. System 500 includes a brake drum 
506, Which can interact With a backing plate 510, Which in 
turn surrounds a vehicle axel 512. 

[0040] System 500 also includes interdigital surface Wave 
device 300, Which is shoWn in greater detail in FIGS. 3-4. 
System 500 can be utiliZed to monitor the temperature and 
pressure of tire 502 by locating interdigital surface Wave 
device 300 at a particular location on tire 502. A Wireless 
signal (e.g., radio frequency, loW frequency, etc.) can be 
transmitted to interdigital surface Wave device 300 from a 
transmitter/receiver 516, Which can be located Within an 
automobile and/or elseWhere. The signal excites interdigital 
surface Wave device 300, thereby providing multiple modes 
excitation, and alloWing for the separation of temperature 
change effects from the pressure change effects. Multiple 
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mode data can then be transmitted back to transmitter/ 
receiver 516 for further collection and evaluation. 

[0041] FIG. 6 illustrates a block diagram of an acoustic 
Wave sensor system 600, Which can be implemented in 
accordance With an alternative embodiment of the present 
invention. System 600 comprises a Wired design, rather than 
a Wireless con?guration such as that described above With 
respect to FIGS. 3-5. In such a system, multiple modes can 
be excited simultaneously by means of multiple oscillator 
circuits sharing a common pieZoelectric device. System 600 
can be utiliZed in place of interdigital surface Wave device 
300 depicted in FIG. 5. Of course, in such a con?guration, 
the transmitter/receiver 516 Would not be necessary. 

[0042] System 600 therefore includes a plurality of quartZ 
crystals 608, 610, 612, 614, and 616, Which are located 
Within a test cell 602. Each quartZ crystal can be placed in 
a feedback path of an oscillator. For example, quartZ crystal 
608 can be placed in a feedback path of oscillator circuit 
609, While quartZ crystal 610 is generally placed in the 
feedback path of oscillator circuit 611. Similarly, quartZ 
crystal 612 can be placed in the feedback path of oscillator 
circuit 613, While quartZ crystal 613 is generally placed in 
the feedback path of oscillator circuit 615. Finally, quartZ 
crystal 616 is generally placed in the feedback path of 
oscillator circuit 617. Oscillator circuits 609, 611, 613, 615 
and 617 communicate With frequency counter 604, Which in 
turn is under the command of a processor 606. In practice, 
gas ?oW or another chemical How can enter test cell 602 
through an entrance 620 and exist via a drain 622. 

[0043] In terms of coating selection for an array of sen 
sors, such as system 100 depicted in FIG. 1, a minimum 
number of sensor/coatings can be implemented, in order to 
adequately represent the data. Thus, coatings exhibiting 
similar or redundant response should be eliminated. A coat 
ing, When selected from a group of coatings, should be based 
on considerations such as sensitivity, stability or cost. 

[0044] The selectivity of a chemical gas sensor can be 
improved by taking advantage of selective adsorbent mate 
rials. Some improvement can be achieved by utiliZing selec 
tive permeable ?lters. Interferences, hoWever, may not 
alWays be knoWn before the use of sensor. In addition, 
applications that require simultaneous monitoring for mul 
tiple analytes require multiple sensors. In such cases, the use 
of arrays of sensors, each bearing a coating With a different 
degree of selectivity for the analytes of interest, can be 
utiliZed. 

[0045] In terms of pattern-recognition analysis, a coating 
can be classi?ed according to its response to a set of 
analytes. Each sensor in an array can be designed With a 
different coating, Wherein each coating is selected to respond 
differently to the members of a set of analytes. The combi 
nation of responses should produce a unique ?ngerprint for 
each analyte. A number of methods have been developed for 
establishing correlations betWeen the pattern of responses 
from an array of chemical sensors and identity of the 
corresponding analyte. The efficiency of the array depends 
on the uniqueness of the coating responses. 

[0046] The embodiments and examples set forth herein are 
presented to best explain the present invention and its 
practical application and to thereby enable those skilled in 
the art to make and utiliZe the invention. Those skilled in the 
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art, however, Will recognize that the foregoing description 
and examples have been presented for the purpose of 
illustration and example only. Other variations and modi? 
cations of the present invention Will be apparent to those of 
skill in the art, and it is the intent of the appended claims that 
such variations and modi?cations be covered. 

[0047] The description as set forth is not intended to be 
exhaustive or to limit the scope of the invention. Many 
modi?cations and variations are possible in light of the 
above teaching Without departing from the scope of the 
folloWing claims. It is contemplated that the use of the 
present invention can involve components having different 
characteristics. It is intended that the scope of the present 
invention be de?ned by the claims appended hereto, giving 
full cogniZance to equivalents in all respects. 

The embodiments of the invention in Which an exclusive 
property or right is claimed are de?ned as folloWs. Having 
thus described the invention What is claimed is: 
1. A sensor system, comprising: 

a surface Wave device comprising an interdigital trans 
ducer and an acoustic coating formed upon a pieZo 
electric substrate, Wherein said interdigital transducer is 
selected to introduce negligible electrical coupling to 
surface Waves thereof; and 

an antenna integrated With said surface Wave device, 
Wherein said antenna receives at least one signal, Which 
excites said acoustic coating to produce multiple modes 
frequency outputs in Which temperature and pressure 
effect changes are separated from one another for 
analysis thereof. 

2. The system of claim 1 further comprising a transmitter 
and receiver unit for transmitting said at least one signal to 
said antenna integrated With surface Wave device for excit 
ing said acoustic coating to produce said multiple modes 
frequency outputs in Which said temperature and pressure 
effect changes are separated from one another for analysis 
thereof. 

3. The system of claim 1 Wherein said interdigital trans 
ducer comprises a quartZ crystal. 

4. The system of claim 1 Wherein said multiple modes 
frequency outputs comprise at least one of the folloWing 
types of data: ?exural plate mode (FMP) data, acoustic plate 
mode data, and shear-horiZontal acoustic plate mode (SH 
APM) data. 

5. The system of claim 4 Wherein said multiple mode 
frequency outputs further comprises at least one of the 
folloWing types of data: amplitude plate mode (APM) data, 
thickness shear mode (TSM) data, surface acoustic Wave 
mode (SAW), and bulk acoustic Wave mode (BAW) data. 

6. The system of claim 5 Wherein said multiple mode 
frequency outputs further comprises at least one of the 
folloWing types of data: torsional mode data, love Wave data, 
leaky surface acoustic Wave mode (LSAW) data, and pseudo 
surface acoustic Wave mode (PSAW) data. 

7. The system of claim 6 Wherein said multiple mode 
frequency outputs further comprises at least one of the 
folloWing types of data: transverse mode data, surface 
skimming mode data, surface transverse mode data, har 
monic mode data, and overtone mode data. 

8. The system of claim 1 Wherein said interdigital trans 
ducer comprise electrode materials selected from among a 
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group of materials comprising at least one of the folloWing 
metals: Al, Pt, Au, Rh, Ir, Cu, Ti, W, Cr, or Ni. 

9. The system of claim 1 Wherein said interdigital trans 
ducer comprises electrode materials selected from among a 
group of materials comprising alloys. 

10. The system of claim 1 Wherein said interdigital 
transducer comprises electrode materials selected from 
among a group of materials comprising metal-nonmetal 
compounds. 

11. A sensor system, comprising: 

a surface Wave device comprising an interdigital trans 
ducer and an acoustic coating formed upon a pieZo 
electric substrate, Wherein said interdigital transducer is 
selected to introduce negligible electrical coupling to 
surface Waves thereof; 

an antenna integrated With said surface Wave device, 
Wherein said antenna receives at least one signal, Which 
excites said acoustic coating to produce multiple modes 
frequency outputs in Which temperature and pressure 
effect changes are separated from one another for 
analysis thereof; and 

a transmitter and receiver unit for transmitting said at least 
one signal to said antenna integrated With surface Wave 
device. 

12. The system of claim 11 Wherein said multiple modes 
frequency outputs comprise at least one of the folloWing 
types of data: 

?exural plate mode (FMP) data; 

acoustic plate mode data; 

shear-horiZontal acoustic plate mode (SH-APM) data; 

amplitude plate mode (APM) data; 

thickness shear mode (TSM) data; 

surface acoustic Wave mode (SAW); 

bulk acoustic Wave mode (BAW) data; 

torsional mode data, love Wave data; 

leaky surface acoustic Wave mode (LSAW) data; or 

pseudo surface acoustic Wave mode (PSAW) data. 
13. A sensor method, comprising: 

con?guring a surface Wave device to comprise an inter 
digital transducer and an acoustic coating formed upon 
a pieZoelectric substrate, Wherein said interdigital 
transducer is selected to introduce negligible electrical 
coupling to surface Waves thereof; and 

integrating an antenna integrated said surface Wave 
device, Wherein said antenna receives at least one 
signal, Which excites said acoustic coating to produce 
multiple modes frequency outputs in Which tempera 
ture and pressure effect changes are separated from one 
another for analysis thereof. 

14. The method of claim 13 further comprising the step of: 

providing a transmitter and receiver unit for transmitting 
said at least one signal to said antenna integrated With 
surface Wave device for exciting said acoustic coating 
to produce said multiple modes frequency outputs in 
Which said temperature and pressure effect changes are 
separated from one another for analysis thereof. 
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15. The method of claim 13 wherein said interdigital 
transducer comprises a quartz crystal. 

16. The method of claim 13 Wherein said multiple modes 
frequency outputs comprise at least one of the following 
types of data: 

?eXural plate mode (FMP) data; 

acoustic plate mode data; 

shear-horiZontal acoustic plate mode (SH-APM) data; 

amplitude plate mode (APM) data; 

thickness shear mode (TSM) data; 

surface acoustic Wave mode (SAW); 

bulk acoustic Wave mode (BAW) data; 

torsional mode data, love Wave data; 

leaky surface acoustic Wave mode (LSAW) data; or 

pseudo surface acoustic Wave mode (PSAW) data. 
17. The method of claim 13 further comprising the step of 

con?guring said interdigital transducer to comprise elec 
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trode materials selected from among a group of materials 
comprising at least one of the folloWing metals: Al, Pt, Au, 
Rh, Ir, Cu, Ti, W, Cr, or Ni. 

18. The method of claim 13 further comprising the step of 
con?guring said interdigital transducer to comprise elec 
trode materials selected from among a group of materials 
comprising alloys. 

19. The method of claim 13 further comprising the step of 
con?guring said interdigital transducer comprises electrode 
materials selected from among a group of materials com 

prising metal-nonmetal compounds. 
20. The method of claim 13 further comprising the step of 

locating said surface Wave device Within a tire in order to 

generate multiple modes frequency outputs in Which tem 
perature and pressure effect changes are separated from one 

another for respective temperature and pressure analysis of 
said tire. 


