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Acoustic Wave Technology Sensors

Bill Drafts

Abstract—A brief overview of acoustic wave sensor physics, ma- a mechanical stress. Conversely, by applying an appropriate
terials, sensor types, and applications is presented in this paper. mechanical stress, an electric field will be created. Piezoelec-
Emphasis is placed on the different types of acoustic wave sensorsic acoustic wave sensors apply an oscillating electric field
their respective advantages, and their specific applications in in- . .

to create a mechanical wave, which propagates through the
dustry. . e
substrate and is then converted back to an electric field for

Index Terms—BAW sensors, SAW sensors, sensor applications. measurement.

|. INTRODUCTION lll. PIEZOELECTRIC SUBSTRATE MATERIALS FOR ACOUSTIC

COUSTIC wave devices have been in commercial use WAVE SENSORS
for over 60 years. The telecommunications industry is the . . .
. . ) There are several piezoelectic substrate materials that may be
largest user of these devices, consuming approximately three : ,
- ) ) L . useéd for acoustic wave sensors and devices. The most common
billion acoustic wave filters annually, primarily for mobile cell . e _
hones and base stations. These devices are typically surf3 rceequart_z (.S'@) an d "‘h'”"? tantalate (LiTa), gnd to aless_e_r
P ; [egree, lithium niobate (LiINbg). Each material has specific

acoustic wave (SAW) devices, and act as bandpass filters<a'<r11vanta es and disadvantages, which include cost, temperature
both the RF and IF sections of the transceiver electroni 9 ges, ' b

) L . %oendence, attenuation, and propagation velocity. Table | lists
There are several new emerging applications for acoustic wavi

: relevan ifications for h material, including th
devices as sensors that may eventually equal the demand ot ¢ creva t specifications for each material, including the

the telecommunications market. These include automoti\r}?]goSt popl_JIar CUt.S _and orl_entatlons [2]. An interesting property
S . . of quartz is that it is possible to select the temperature depen-
applications (torque and tire pressure sensors), medical applica-

tions (biosensors), and industrial and commercial applicatio gnce of the material by the cutangle and the wave propagation

(vapor, humidity, temperature, and mass sensors). Acou %?:ection. With proper selection, the first-order temperature ef-
por, Y: P ' ) JeGt can be minimized. An acoustic wave temperature sensor

wave Sensors are .cornpetltlvelly priced, inherently rugged, VN y be designed by maximizing this effect. This is not true of
sensitive, and intrinsically reliable. Some are also capable 0

. . . . LINbOg or LiTaO3, were a linear temperature dependence al-
being passively and wirelessly interrogated (no sensor power . . . o
source required), ways exists for_ all material cuts and prppagauoq d|_rect|ons.
Other materials that have commercial potential include gal-
lium arsenide (GaAs), silicon carbide (SiC), langasite (LGS),
zinc oxide (ZnO), aluminum nitride (AIN), lead zirconium ti-
Acoustic wave sensors are so named because they utiliz@mate (PZT), and polyvinylidene flouride (PVDF).
mechanical, or acoustic, wave as the sensing mechanism. As the
acoustic wave propagates through or on the surface of the ma-
terial, any changes to the characteristics of the propagation path
affect the velocity and/or amplitude of the wave. Changes in ve-The sensors are made by photolithography, using a process as
locity can be monitored by measuring the frequency or phadetailed in Fig. 1.
characteristics of the sensor and can then be correlated to th€he manufacturing process begins by carefully polishing
corresponding physical quantity that is being measured. and cleaning the piezoelectric substrate. As shown in Fig. 1(a),
Virtually all acoustic wave devices and sensors use a piezuetal, usually aluminum, is then deposited uniformly onto the
electric material to generate the acoustic wave. Piezoelectricgitybstrate. The device is then coated with a photo-resist, which
was discovered by the brothers Curie in 1880, received itsspun on and then baked to harden it. The coated device is
name in 1881 from Hankel, and remained largely a curiositiien exposed to UV light through a mask [see Fig. 1(b)]. The
until 1921, when Cady discovered the quartz resonator forask contains opaque areas, which correspond to the areas to
stabilizing electronic oscillators [1]. Piezoelectricity referbe metallized on the final device. The exposed areas undergo
to the production of electrical charges by the imposition @ chemical change, allowing them to be removed using a
mechanical stress. The phenomenon is reciprocal. Applying @eveloping solution [see Fig. 1(c)]. This exposes areas of metal,
appropriate electrical field to a piezoelectric material creatagich are chemically etched away. The remaining photo-resist
is then removed, leaving the final device, as shown in Fig. 1(d).
The pattern of metal that remains on the device is called an
, , _ interdigital transducer (IDT). By changing the length, width,
Manuscript received August 21, 2000; revised January 7, 2001. - .
The author is with Microsensor Systems Inc., Apopka, FL 32703 USA. position, and thickness of the IDT, the performance of the sensor
Publisher Item Identifier S 0018-9480(01)02905-2. can be maximized.

Il. AcousTICWAVE TECHNOLOGY OVERVIEW

IV. FABRICATION OF ACoUSTICWAVE DEVICES
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TABLE |
PHYSICAL PARAMETERS OFMORE COMMONLY USED PIEZOELECTRIC MATERIALS

Material Orientation | Velocity | Temperature | Attenuation | Cost

(m/s) Coefficient at 1 GHz

(ppm/°C) (dB/&S)
Quartz Y, X 3159 -24 2.6 Lowest
Quartz ST, X 3158 0 3.1 Lowest
Lithium Tantalate | Y, Z 3230 35 1.14 Medium
Lithium Tantalate | 167 rotation | 3394 64 - Medium
Lithium Niobate |Y,Z 3488 94 1.07 High
Lithium Niobate | 128 rotation | 3992 75 - High
metal

wave (BAW) devices are the thickness shear mode (TSM) res-

onator and the shear-horizontal acoustic plate mode (SH-APM)

sensor. If the wave propagates on the surface of the substrate, it
is known as a surface wave. The most commonly used surface
wave devices are the SAW sensor and the shear-horizontal sur-
face acoustic wave (SH-SAW) sensor, also know as the surface
transverse wave (STW) sensor. The mode of propagation dra-
matically affects the sensor’s performance and how the sensor
is manufactured.

All acoustic wave devices are sensors in that they are sen-
sitive to perturbations of many different physical parameters.
Fig. 1. Acoustic wave devices are manufactured using the samy change in the characteristics of the path over which the
fhhaﬂtzgt?ffgﬁggﬁgg?g?r?Zégﬁ;t'i';tsvg;\f‘éefes;séi'_ts use. The only difference faq stic wave propagates will result in a change in output. All
the sensors will function in gaseous or vacuum environments,
but only a subset of them will operate efficiently when they
are in contact with liquids. The TSM, SH-APM, and SH-SAW
all generate waves that propagate primarily in the shear hori-
zontal motion. The shear horizontal wave does not radiate ap-
preciable energy into liquids, allowing liquid operation without
excessive damping. Conversely, the SAW sensor has a substan-
tial surface-normal displacement, which radiates compression
waves into the liquid, causing excessive damping. An exception
to this rule occurs for devices utilizing waves that propagate at a
o 2. Tvbical i devi <5 of two sets of IDTs. O velocity lower than the sound velocity in the liquid. Regardless
trle(i:]r.]sd'ucery?:lc?r?ve?tcsoglseftrivcvﬁive?d :r:/é(;gyciﬂrt]jl?\;c%anicglSve\;asveoenergsy', Wﬂ(ﬁgthe displacement compon_ents, such modes d_o n_Ot radiate co-
the other transducer converts the mechanical energy back to an electric fieldierently and are, thus, relatively undamped by liquids.

Other acoustic waves that are promising for sensors include
the flexural plate wave (FPW), Love wave, surface skimming

Acoustic wave devices are described by the mode of wael“IIk wave (SSBW) and the Lamb wave. Before reviewing ap-

propagation through or on a piezoelectric substrate. Acous%f':catlon examples, it is helpful to briefly review each sensor

waves are distinguished primarily by their velocities an%lpe'
displacement directions; many combinations are possible,
depending on the material and boundary conditions. The IDT
of each sensor provides the electric field necessary to displacdhe TSM, also widely referred to as a quartz crystal microbal-
the substrate to form an acoustic wave. The wave propagaese (QCM), is the best-known, oldest, and simplest acoustic
through the substrate, where it is converted back to an electriave device. As Fig. 3 depicts, the TSM typically consists of a
field at the other IDT. Fig. 2 shows the configuration of a typicahin disk of AT-cut quartz with parallel circular electrodes pat-
acoustic wave device. Transverse, or shear, waves have partietaed on both sides. The application of a voltage between these
displacements that are normal to the direction of wave propagdectrodes results in a shear deformation of the crystal.
tion and can be polarized so that the particle displacements ard@he device is known as a resonator because the crystal res-
parallel to or normal to the sensing surface. Shear horizontadates as electromechanical standing waves are created. The
wave motion indicates transverse displacements polarizéidplacement is maximized at the crystal faces, making the de-
parallel to the sensing surface, whereas shear vertical motidce sensitive to surface interactions. The TSM resonator was
indicates transverse displacements normal to the surface. originally used as a deposition sensor to measure metal deposi-
If the wave propagates through the substrate, the wavetian rates in vacuum systems [3, p. 39]. The sensor is typically
called a bulk wave. The most commonly used bulk acoustised in an oscillator circuit, where the oscillation frequency

f'm

substrate

\~obsofber

piezoeiectric substroie

V. ACOUSTICWAVE PROPAGATION MODES

VI. BuLK WAVE SENSORS—TSM RESONATOR



DRAFTS: ACOUSTIC WAVE TECHNOLOGY SENSORS 797

Electrodes As with the TSM resonator, the relative absence of a surface-

normal component of wave displacement allows the sensor to
come in contact with liquid for biosensor applications. SH-APM
sensors have been successfully used to detect microgram per
liter levels of mercury, which is adequate for Safe Drinking
Water Act compliance testing [6]. Although more sensitive to
mass loading than the TSM resonator, SH-APM sensors are less
sensitive than surface wave sensors. There are two reasons. First,
sensitivity to mass loading and other perturbations depends on
Fig. 3. Although it is the oldest acoustic wave device, the TSM resonator@€ thickness of the substrate, with sensitivity increasing as the

Quortz Plate

still used today for measuring metal deposition rates. device is thinned. The minimum thickness is constrained by
manufacturing processes. Second, the energy of the wave is not
0J7BLT maximized at the surface, which reduces sensitivity.

TRANSDUCER

SURFACE
DISPLACEMENT

VIIl. SURFACE WAVE SENSORS—SAW SENSOR

In 1887, Lord Rayleigh discovered the SAW mode of prop-
agation [7] and, in his classic paper, predicted the properties of
these waves. Named for their discoverer, Rayleigh waves have a
longitudinal component and a vertical shear component that can
wone PropacaTon  couple with a medium placed in contact with the device’s sur-

face (see Fig. 5). Such coupling strongly affects the amplitude
QUARTZ PLATE and velocity of the wave. This feature enables SAW sensors to
directly sense mass and mechanical properties. The surface mo-
tion also allows the devices to be used as microactuators. The
wave has a velocity that is about five orders of magnitude slower

INFUT
TRANSDUCER

CROSS~SECTIONAL

DISPLACEMENT than the corresponding electromagnetic wave, making Rayleigh
Fig. 4. In the SH-APM sensor, the waves travel between the top and bottHIface waves among the slowest to propagate in solids. The
surfaces of the plate, allowing sensing on either side. wave amplitude is typically about 10 A and the wavelength

ranges from 1 to 10@m [8].
- . Fig. 6 details the deformation field due to a SAW propagating
tracks the crystal resonance and indicates mass accumulatipn : . o >
. , along thez-axis and the associated distribution of potential en-
on the device surface. Inthe late 1960's, the TSM resonatorwears As evident, Rayleigh waves have virtually all their acoustic
shown to operate as a vapor sensor. gy- \ent, ay'elg y
S o energy confined within one wavelength of the surface. As a re-
The TSM features simplicity of manufacture, ability to . o .
. . o sult, SAW sensors have the highest sensitivity of the acoustic
withstand harsh environments, temperature stability, and goo .
sensors reviewed.

sensitivity to addltl_onal mass deposited on the crystal surface.l_ypical SAW sensors operate from 25 to 500 MHz. One dis-
[4]. As a result of its shear wave propagation component, th

) ; . a%vantage of SAW sensors is that the Rayleigh wave is a sur-
TSM resonator is also capable of detecting and measuring I‘gce-normal wave, making the SAW device poorly suited for

uids, making it a good candidate for a biosensor. Unfortunately, . L .
ngrag L uid sensing applications. When the SAW sensor is contacted
these devices have the lowest mass sensitivity of the sensots

examined. Typical TSM resonators operate between 5-30 M a liquid, compressional waves are created, causing an exces-

Making very thin devices that operate at higher frequencies csa’l“r{e attenuation of the surface wave.

increase the mass sensitivity, but thinning the sensors beyond
the normal range results in fragile devices that are difficult to IX. SURFACE WAVE SENSORS—SH-SAW $ENSOR
manufacture and handle. Recent work has been done to form

high-frequency TSM resonators utilizing piezoelectric ﬁlmsf) rgptr?aeteCI;tt?\fet\r:vz\ze;r%?:gcgiﬁ)ﬁ%igleTﬁéigﬂslirgﬁa;iigiiél
and bulk silicon micromachining techniques [5]. ' ) )
g d [5] shear SAW sensor to a SH-SAW sensor. This dramatically re-

duces the losses when liquids come in contact with the propa-
VIl. BULK WAVE SENSORS—SH-APM SENSOR gating medium, allowing the SH-SAW sensor to operate as a
SH-APM sensors utilize a thin piezoelectric substrate, diosensor. Fig. 7 depicts the SH-SAW device, with the wave
plate, that serves as an acoustic waveguide, confining th@pagation mode highlighted.
energy between the upper and lower surfaces of the plate
(see Fig. 4). As a result, both surfaces undergo displacement,
thus, detection can occur on either side. This is an important
advantage, as one side contains the IDTs that must be isolatebh general, the sensitivity of the sensor is proportional to the
from conducting fluids or gases, while the other side can laenount of energy that is in the propagation path that is being
used as the sensor. perturbed. BAW sensors typically disperse the energy from the

X. COMPARISON OFACOUSTICWAVE SENSORS
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Fig. 5. Rayleigh waves move vertically normal to the surface plane of a SAW sensor. SAW sensors are very sensitive to surface changes, but doInot work wel
for most liquid sensing applications.
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Fig. 7. By correctly selecting the orientation of material cut, the SH-SAW
will dominate. These waves have a displacement that is parallel to the device’s
surface.

Fig. 6. Wave energy is confined to within one wavelength from the surface

of a SAW sensor. This characteristic yields a sensor that is very sensitiveigll be sensed by the device, causing an unwanted change in
interactions with the surface. output

The range of phenomena that can be sensed by acoustic wave

surface through the bulk material to the other surface. This diévices can be greatly expanded by coating the devices with ma-
tribution of energy minimizes the energy density on the surfadéfials that undergo changes in their mass, elasticity, or conduc-
which is where the sensing is done. Surface wave acoustic sé¥ity when exposed to some physical or chemical stimulus. The
sors, conversely, focus their energy on the surface, making theé@fsors become pressure, torque, shock, and force sensors when
typically more sensitive sensors. Table || compares some igstress is applied to them, changing the dynamics of the prop-
portant specifications of several sensors [3, p. 144], [9]. Othegating medium. They become a mass, or gravimetric, sensors
design considerations when selecting acoustic wave sensorgiqen particles are allowed to contact the propagation medium,
clude oscillator stability and noise level. changing the stress on it. By selecting a coating that absorbs only
specific chemical vapors, a vapor sensor is made. This sensor
works by effectively measuring the mass of the absorbed vapor.
If a coating is applied that absorbs specific biological chemicals

All the acoustic wave sensors are sensitive, to varying die-liquids, the sensor becomes a biosensor. Selecting the correct
grees, to perturbations to many different physical parametessientation of propagation can lead to a wireless temperature
Fig. 8 shows some commercially available acoustic wave sesensor, as mentioned previously. As the temperature changes,
sors. As a matter of fact, all acoustic wave devices manufabe propagating medium changes, affecting the output. Detailed
tured for the telecommunications industry have to be herméilow are some of the more common applications of acoustic
ically sealed to prevent any disturbances to the device, as thiave sensors.

XI|. SENSORAPPLICATIONS
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TABLE 1
COMPARISON OFACOUSTIC SENSORS
Sensor Sensitivity | Factors Motion at | Immersible? | Operating Mechanical
Type (Example | Determining | Device Frequency | Strength
in Sensitivity | Surface
(Hz/MHz)
/ (ng/cmz)
TSM Low Plate Transverse | Yes Low Med
(0.014) Thickness (5-20 MHz)
APM Low-Med | Plate Transverse | Yes Med-High | Med
(0.019) Thickness, (25-200
IDT Finger MHz)
Spacing
SAW High IDT Finger | Normal No High High
(0.20) Spacing and (30-500
Transverse MHz)
SH-SAW | Med-High | IDT Finger | Transverse | Yes High High
(0.18) Spacing (30-500
MHz)

FREQUENCY
QUTPUT

AMPLIFIER

DIAPHRAGM

SAW GAS
SUBSTRATE PRESSURE

Fig. 9. Frequency of the SAW changes with stress. As the diaphragm flexes
Fig. 8 Acoustic wave sensors are commercially available in several forie to pressure, the SAW sensor changes its output. Unfortunately, changes in
factors. Most sensors begin as processed wafers, and then are tested, dicedesjskrature also cause a change in output.
mounted into packag&®hoto Courtesy Microsensor Systems Inc.).

XIll. PRESSURESENSOR

XIl. TEMPERATURE SENSOR .
In 1975, a SAW pressure sensor was the first reported use

of SAW technology for a sensor application [12]. SAW wave

Surface wave velocities are temperature dependent and detetecities are strongly affected by stresses applied to the piezo-
mined by the orientation and type of crystalline material used &bectric substrate on which the wave is propagating. The SAW
fabricate the acoustic wave sensor. Temperature sensors basedsure sensor is formed by allowing the SAW device to be-
on SAW delay-line oscillators have millidegree resolution, goatbme a diaphragm, as depicted in Fig. 9.
linearity, and low hysteresis [10]. However, SAW sensors are Historically, SAW pressure sensors have been plagued by un-
very sensitive to mass loading, therefore, the SAW tempe@mpensated temperature drifts. These drifts can be minimized
ture sensor must be sealed in a hermetic package. Recetyyadding a reference SAW device close to the measuring SAW
a 124-MHz ST-cut quartz SSBW temperature sensor was methe same substrate and mixing the two signals [13]. One SAW
ported to have a temperature coefficient of 32 pjindnd a sensor acts as a temperature sensor, whose proximity to the pres-
resolution of 0.22C [11]. The sensor also exhibited three orsure sensor ensures that both are exposed to the same temper-
ders of magnitude less sensitivity to mass loading than SAsfure. However, the temperature sensor SAW must be isolated
sensors. The response time was found to be 0.3 s, while BAsuch a way that it is not exposed to the stresses that the pres-
sensors were ten times slower. The acoustic wave temperatuee SAW experiences. Fig. 10 shows a temperature-compen-
sensors have the additional benefit of requiring no power ardted dual-SAW pressure sensor.
being wireless, making them well suited for use in remote loca- SAW pressure sensors are passive (no power required), wire-
tions. less, low cost, rugged, and extremely small and light weight,



800 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 4, APRIL 2001

OUTPUT OQUTPUT

.
T DIFFERENCE

AMPLIFIER

MIXER\

fPRESSURE fTEMPEFATURE

7
PRESSURE TEMPERATURE 7 /\4
z
,

AMPLIFIER

SHAFT

Fig. 11. Stress in the shaft is transferred to the SAW sensor, which changes
RESSURE its output frequency with stress, and, therefore, torque. The addition of another
SUBSTRATE SAW minimizes temperature effects.

Fig. 10. Adding a second strategically placed SAW effectively minimizes the
temperature drift of the SAW pressure sensor. ticle that lands on the surface will remain, and it will perturb the

) ] ] ] ~wave propagation. A mass resolution of 3 pg for a 200-MHz
making them perfect for measuring pressure in moving objectsy_q ¢ quartz SAW has been reported, which was 1000 times
such as car and truck tires. These characteristics provide advagye sensitive than the 10-MHz TSM resonator tested [16]. Par-
tages over current technologies such as capacitive and piezggjate sensors are used in clean rooms, air quality monitors,
sistive sensors, which require operating power and are not wigg;y atmospheric monitors.
less. Recently, a SAW pressure sensor weighing less than 1 gpjckness sensors fundamentally work the same as the par-
with a resolution of 0.73 psi was integrated into a car tire Wit |ate sensors, except they are not coated. The measured fre-
exce_llent results [14]. Suc_h a system allows the operatorto Vi‘a‘ﬁ{ency shift is proportional to the mass of the deposited film
the tire pressure in each tire from the comfort of the cabin. Cafpq via the film density and acoustic impedance, gives the film
rectly inflated tires lead to improved safety, greater fuel effnickness. This method is accurate, provided that the film is thin
ciency, and longer tire life. This technology is particularly inter, ideally no more than a few percent of the acoustic wavelength)
esting for the new run flat (also called zero pressure or extendgg) Most commercially available thickness sensors are based
mobility) tire market. on TSM resonators.

XIV. T ORQUE SENSOR XVI. DEW-POINT/HUMIDITY SENSOR

If the SAW device _is rigidly mounted t(.) aflat spot on a shat, If a SAW sensor is temperature controlled and exposed to
and the shaft Experiences a torque, th|§ torgue W'.” stress EHE ambient atmosphere, water will condense on it at the dew-
sensor and wrn it mto a wireless passive lightweight tOrqlg%int temperature, making it an effective dew-point sensor. Cur-
;enlsor. S‘S thte shaft |sArott?]ted r? nfe: yvay,tthte ds'tor;W tci;]que sen ét)rqt commercial instruments for high-precision dew-point mea-
IS placed In tension. AS the shalt IS rotated the other way, i, e mants utilize optical techniques, which have cost, contam-

is placed in compression. For practical _appllcan(_)ns, two SA_ ation, accuracy, sensitivity, and long-term stability issues. A

torque sensors are utilized such that their center lines are atrighty ..y~ it lithium niobate SAW dew-point sensor has

gngles (see .F'g' 11) [15]. with th'S. system, .when_one SENSOKIZan developed that is immune to common contaminants, has

in compression, the other sensor is in tension. Since both s Nesolution ofL0.025°C (compared ta:0.2°C for an optical

Sors are expo_se_d _to the same temperatur_e, the difference o SthS?SOI‘), is low cost, and significantly more stable [18].

two signals minimizes any temperature drift e.ﬁeCtS'. ... Acoustic wave sensors with an elastic hygroscopic polymer
When compared to other torque sensors, including resistiy,

. . X gating make excellent humidity sensors. Three operational
strain gauges, optical transducers, and torsion bars, SAW tor &chanisms contribute to the sensors’ response: mass loading,

sensors offer lower cost, higher reliability, and wireless OP€raz oustoelectric, and viscoelastic effects, each of which can be

tion. The monitoring of torque on trucks and cars wil SIgnIfI'effectively controlled to yield an accurate low-cost humidity

cantly improve handling and 'braking, as torque is a much bet nsor. A 50-MHzY" Z-cut lithium niobate SAW coated with
measurem_ent of wheel traction than the currently used revo 5lyXIO has been demonstrated as a humidity sensor, with a
tion-per-minute Sensors. range of 0% to 100% relative humidity and a hysteresis on the
order of 5% [19]. Also, a 767-MHz AT-cut quartz SH-SAW
XV. Mass SENSOR sensor coated with a plasma modified hexamethyldisiloxane
SAW sensors are excellent mass or gravimetric sensors, #4i1DSO) polymer has recently been demonstrated as a hu-
are the most sensitive to mass loads of the sensors evaluateidity sensor, with a sensitivity of 1.4 ppm/% relative humidity
This opens up several applications, which includes particulaied a 5% hysteresis. This was found to be 4-10 times more
sensors and film-thickness sensors. If the sensor is coated vedimsitive than a 14-MHz TSM resonator coated with the same
an adhesive substance, it becomes a particulate sensor. Any palymer [20].
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Fig. 12. By coating a SAW device with a chemically sorbtive polymer, a
chemical vapor sensor is made. Adding another SAW device minimizes the
temperature drift and provides a manageable difference frequency.

In the same category, a 434-MHzZ-cut lithium niobate
SAW sensor has been used as a remote water sensor [21], while
an 86-MHzXY -cut quartz Love wave sensor has been demon-
strated as an ice sensor [22].

XVIl. V APOR CHEMICAL SENSOR—COATED AND UNCOATED

Chemical tilizing SAW first Fig.13. Commercially available SAW chemical vapor analyzer. This handheld
emical vapor sensors utilizing Sensors were nrs rgﬁalyzer utilizes an array of four SAW sensors, each coated with a different

ported in 1979 [23]. Most SAW chemical sensors rely on thglymer(Photo Courtesy Microsensor Systems Inc.)
mass sensitivity of the sensor in conjunction with a chemically

selective coating that absorbs the vapors of interest, resulting in
an increased mass loading of the SAW sensor. Fig. 12 details

such a sensor. As with the temperature-compensated pressuk§milar to the chemical vapor sensors, biosensors detect
sensors, one SAW is used as a reference, minimizing the affegigmicals, but in liquids, not vapors. As mentioned previously,
of temperature variations. the SAW device is a poor choice for this application, as the
There are several design considerations to be made whemggtical component of the propagating wave will be suppressed
lecting and applying the chemically sorptive coating. Ideallyy the liquid. Biosensors have been fabricated using the TSM
the coating is completely reversible, meaning it will absorb th@sonator, SH-APM, and SH-SAW sensors. Of all the known
vapor and completely desorb it given a clean air purge. The ra{goustic sensors for liquid sensing, a special class of the
at which the coating absorbs and desorbs should be fairly quigiti-SAw, called a Love wave sensor, has the highest sensitivity
for instance, less than 1 s. The Coating should be robust, Sleb] Love wave sensors p|ace a Waveguiding Coating on top
thatit will not be damaged by caustic vapors. The coating showél an SH-SAW, such that the energy of the shear horizontal
be selective, only absorbing very specific vapors while not agaves are focused in that coating. A biorecognition coating
sorbing others. The coating needs to operate over a usable tMhen placed on top of the waveguiding coating, forming the
perature range. It should be stable, reproducible, and sensitigmplete biosensor. Successful detection of antigoat 1gG in
And, finally, its thickness and uniformity are very important. the concentration range of 8 10~% to 10-¢ moles using a
Chemical vapor detection and identification is possible i10-MHz Y Z-cut SH-SAW with a polymer Love waveguide
several SAW sensors, each with a unique chemically specifigating has been achieved [27].
coating, are placed in an array. Each SAW sensor will have
a different output given the same vapor exposure. Utilizing
pattern recognition software, a diverse list of volatile organic XIX. CONCLUSION
compounds can be detected and identified, yielding a very
powerful chemical analyzer. A commercially available analyzer Acoustic wave sensors are extremely versatile sensors that are
utilizing an array of four SAW sensors is shown in Fig. 13.  just beginning to realize their commercial potential. They are
TSM resonators have also been successfully utilized foompetitively priced, inherently rugged, very sensitive, intrinsi-
chemical vapor sensing [24]. In addition, SAW chemical vapaally reliable, and offer the additional benefit of being passively
sensors have been made without coatings. This method utilizéselessly interrogated. Wireless sensors are beneficial when
a gas chromatograph column to separate the chemical vapanitoring parameters on moving objects, such as tire pressure
components and a temperature-controlled SAW that condensascars or torque on shafts. Sensors that require no operating
the vapor and measures the corresponding mass loading [25jower are highly desirable in remote locations, making these

XVIIl. B IOSENSOR
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sensors ideal for remote chemical vapor, moisture, and tempej6] W. Bowers, R. Chuan, and T. Duong, “A 200 MHz surface acoustic
ature sensors. As a result of their mass sensitivity, they can be Wave resonator mass microbalancBgv. Sci. Instrumyol. 62, no. 6,

di hvsical. chemical. and bioloaical aooli pp. 1624-1629, 1991.
used In numerous physical, chemical, and biological appliCan 7 ;. Grate, S. Martin, and R. White, “Acoustic wave microsense¥agl.

tions. Other applications include measuring force and accelera- Chem, vol. 65, no. 21, pp. 940948, 1993.
tion, shock, angular rate, viscosity, displacement, flow, and filn{18] K. Vetelino, P. Story, R. Mileham, and D. Galipeau, “Improved dew point
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