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Abstrac— Daring the past several years, work has beea
ongoing at corporate, government laborasory, and umivessity
research groups to develop passive wireless sarface acoustic wave
(SAW) seasors and sensor-tags. These efforts have led to SAW
seasors that operate wirelessly in environments coasiderably
more extreme than those in which silicon-based seasors can
operate. Advances have also beea made in sensor coding,
allowing prodaction of small sets of seasors that can be
adividoally read. The use of SAW devices as wireless interfaces
to external impedance varying and voltage producing sensors and
devices has also been demonstrated. This article provides a brief
overview of recent advaores made in this éechnology by several
companies.

Index Terors—passive wireless sensor, SAW seasor, coded
seasor, wireless sensor review.

1. INTRODUCTION

urface acoustic wave (SAW) devices have been used as
sensors since the mmd-1980°s, imtally to measure
properties of thin films deposited on the surface of the devices,
and later to measure concentrations of chemmcal vapors m air,
and physical parameters such as temperatue, pressure, and
torque. Acoustic wave dewices uhhzng different wave
propagation modes (non-Rayleigh waves) have been used to
measure various chemical and biological substances m hiquids.
Amays of sensors, combined with pattem recognition
techmques, were used to detect and quantify multiple chemmcal
vapors 1o mixtures. [mitally, this work utlized SAW devices
m a wired mode, wath indindual sensors in amrays wdemnfied by
their position in the electronic system surtounding the sensors.
More recently, the mteret and emergence of ubiquitous
wireless communication networks laid the groundwork for the
widespread use of wareless sensors of all types. SAW devices
are one such technology. SAW sensors, when conpected to
appropnate antemnas, are completely passive devices that can
operate wirelessly, uhliang the epergy in a radio frequency
(RF) signal to excite the device, make a measurement, and
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reflect back a signal that contains the measimement
informamon Radio fiequency identfication (RFID) coding
can be wcorparated mto the device structure, so that the
sensors respond with a signal that encodes both the sensor
1dentity and the measured quantity or quantities.

As an altemative to using the SAW device itself as a sensor,
these devices can be used as sensor-tag wireless interface
devices. In this case, external impedance varying or voltage
producing sensors can be attached to the SAW dewice,
providing a passive means to wirelessly read these devices.

In additon to being completely passive devices, SAW
sensors have the advantage of being able to not only survive,
but to operate at extreme temperahires, from cryogenic to over
1,000°C. They are RadHard to over 10 MRad of ioniaing
radiation, and hence are switable for space and nuclear
applicadons. SAW sensors can also be designed to measure
multiple parameters at once, for instance measmng
temperature and hurmdity, or other combinations as desired.
Lastly, the wiadespread use of billions of SAW devices per year
for signal filtenng applicatons m cell phones has
demonstrated that it is possible to produce SAW devices at
low cost, malang this an enabling technology for widespread
distnbuted wireless sensmg for a range of applications.

II. SELECTED RECENT DEVELOPMENTS

Recent work has demxmstated sigmficant advances m
passive wireless SAW sensors for a range of apphcations.
Cannthian Technologies Research (CTR) m Austna (web
www.ctr.at/canothian tech_research enghsh/) has developed
SAW RFID tags that have been used to identify slag pok 1n
steel production facilities. The tags were mounted in the ears
of the slag pots, and imtally, splashing slag proved to be a
problem.  Ruggedized “Panzertag™ devices were developed
that were capable of sustaining operation in this harsh
environment. Tags were read one at a e at up to five meters
range using directional antennas. In addition, CTR SAW
RFID tag temperature sensors were embedded m the shde
gates used in steel casting, plates that see up to 1540°C as they
support up to several tons of molten steel The RFID tag
sensors measured temperatures up to 400°C.

Monitonng the wmperature of rotating machinery 1s another
applicaMon where SAW sensors have been successfully
demonstrated. SENSeOR, in France (Www.senseor.com) has
used SAW sensors to measure temperature inside a low speed
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turbine, rotating at up to 3,800 rpm.  Environetix, a firm
started by researchers from the University of Maine
(www.environetix com), has demonstrated SAW temperature
Sensors in an operaMng turbine engane at up to 58,000 g’s. In
addition, Environetix has evaluated high temperature SAW
operation, demonstrating device operation at 800°C for over 5
months.

Systems with multiple temperature sensors have also been
demonstrated. Environetix and the university of Maine have
demonstiated a set of six coded SAW temperature sensors.
This system operates by sending out an interrogation signal
with a code comresponding to one of the sensors, and reads the
response from the selected sensor. SenGenuity, a subsidiary of
Vectron Intemational (www.sengenmty.com) has developed a
six-sensor SAW cesonator-based system to wirelessly measure
tmperature of smaxchgear contack or overhead lines for load
balancing 1n smartgnd apphications. Applied Sensor Research
& Development Corporation (ASR&D, www .asrdcorp.com)
has demomstrakal temperature sensors with desiga controlled
sensitrvity, and a set of 32 coded SAW sensors that combine
tme diversity and code diversity, where all sensors can be
activated at once and the desired sensor response 1s extracted
from the combined response of the set.

While temperature sensing 1s currently an area of significant
mterest, wireless SAW sensors have also been developed for
other applications. Transense Technologies (http://www tran
sense.couk/) has developed wareless torque sensors for
automotive power steenng applications, and pressure sensors
for tire pressure monitoring. Senseor has demonstrated stram
measurements using SAW dewices on a boat propeller, wath
the wireless testing conducted with the propeller romtng and
under water. Senseor has also developed combined pressure
and temperature sensors, and biosensor development devices
(not wireless). In addition to temperature sensors, ASR&D
has demonstrated chemical vapor sensors for wireless
applications, including hydrogen and humidity sensors, and
liqud level sensors for use with volatle hquds mcluding
liquid mtrogen.

RF SAW Incorporated (www.rfsaw.com) has delivered a
SAW RFID system known as the Global SAW Tag (GST)
system to NASA that the company reports solves the code
collision problems associated with high density RFID tagged
mems that oocurred wath pnor technologies. RF SAW also has
other ongoing programs related to the use of their EPC
compliant SAW tags as both RFID tags and sensors or
mterface devices. One such program mvolved worlang with
Northrop Grumman to demonstrate wireless sensor-tags on a
NG platform.

RFID coded SAW devices have also been demonstrated by
ASR&D as wireless mterface devices for use with external
mpedance varyng or voltage producing sensars. This work
has demonstated the passive wireless reading of switch
positions, static volsges, thermustors, strain gauges, and
acoustic emission sensors, using SAW devices as an interface.
This approach helds promise for elimmamon of winng

hamesses in selected aerospace and test instnumentation
applications.

All of the compames mentioped thus far develop SAW
sensors for sale and use by external custemers, and have
uformation readily available on their websies. In addmon to
these companies, mnternal groups at several other firms have
demonstrated or are developing SAW wireless sensors for
mternal corporate applicadons. AVL, an Austnap firm that
develops powerttams for passenger cars, trucks, and large
engines {(www.avlcom), has internally developed SAW RFID
coded sensors for combustion analysis. Momnitoning pressure
within engine cylmders dunng combustion 1s just one
parameter of mterest, and according to AVL the SAW 1s
1deally sumed to the extremely high tranperatusres and pressures
i the cylinder. It 1s not clear to the author whether this was a
wired or wireless measurement system, but it 15 a good
example of a practical applicanon of SAW sensor technology
to solve a difficult mdustnal problem Less infarmation is
readily available on the activities of other firms.  GE Global
Research, Honeywell, Doble Lemlse, Althdo Corp.
(www.albido.com), Biirksert (www buerkert.com), Electronic
Sensor Technology (www.estcal com), Heinz Messwidersta-
ende GmbH(www_heinz-messwmderstaende.de/en), Pro-micron
(www.pro-microncom), SAW Instruments GmbH (www.saw-
usstruments.de/), sensAction AG (www.sensaction.de/), Sie-
mens {(www.siemens.com/entry/cc/en/), and Smiths Detection
(www._smithsdetection com) all reportedly have some SAW
sensor development activities or products of some kind.
Several of these firms focus on chemical or biclogical sensors,
and many of these are wared applications rather than wireless.

II. CONCLUSION

This summary was resticted to corporate developments in
SAW wireless sensor technology of which the author 1s aware,
and the author would welcome any information on other
developments. Additional work is ongoing at a mumber of
university, aational laboratory, and federal agency research
centers in the United States and at similar institutions
mternationally. Discussion of these activities 15 beyond the
scope of this bnef review.

The activities discussed herein reflect the capabilities of
wireless SAW sensors to solve difficult problems 1n real-world
applications. Hopefully, this bnef surmmary has also prownided
a ghmpse into the true breadth of the ongomg multmational
research effort that is moving thus technology closer te
widespread realization
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