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WIRELESS TEMPERATURE
SENSING BY ACOUSTIC

WAVE SENSORS

Introduction

There is a predominant
market need for sensors
that are competitively
priced due to mature and
established manufacturing
methodologies, inherently
rugged because of the
implementation of advanced
packaging technigues and
very sensitive and intrinsically
reliable. Additionally, the
sensors need to be of a very
small size, not influenced
by magnetic fields, while at
the same time contribute to
emerging market needs of
being able to support data
and monitoring functions
wirelessly, complementing
additional functionalities
such as low power
requirements and being
passively and wirelessly
interrogated (no sensor
power saurce required).

Acoustic wave technology also lends el
very well 1o such sensing  applicateons,
having the abdity to fulfill the above market
requirements.  Acoustic wave devices have
played an important role in consymer and
communication systems over the latt 50 years
due to their high performance, small see and
high “reproducibility. The telecofmmunicationg
industry B the |H‘9ﬂl wlun'yt- applrcation,
accounting for filters and oscllators in mobide:
cell phones and base stations. These ane
typically surface acoustic wave (SAW) devices
and function as band-pass: filters in both the
radio frequency and intermediate freguency
sections of the transceiver electonics.. Curren?
apphcationsinclude autermative applications (e
pressure and od condition monitoring sensors)
and Indusinal and commerncial applcations
(temperature in ovens, pressure in tanks).
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The #coustic wave sensors operate at high
frequenges, wherein the electronic orcuitry =
well known and allows for the transfer of the
output signal over short distances by wsing
capacitive or inductive connectors. Because
the sensors are passively energized, they do
not reque batteries, and the intermogation
electronics can be such that allows for easy
integration imo any host control or data
Acusition system.

Since advanced packaging and manulaciunng
techmiques are well-established for acoustic
wive devices, they are an attractive candidate
for wireless sensor applications where a smafl
fooprint coupled with cost-effectveness, and
robustireliable desgn with wery kow power
requirements  are critcal  for  wide-scale
implementation. One aea n particular where
wirgless ACouslic wave sensors ane hawing
an impact 5 in the industrial temperatue
sensor indusiry,

Acoustic Wave Sensor Technology

Acoustic wawve sensors function by generating
an atoustic wave on 4 plerosledtne materal
when a bias 15 applied. As the acoustic wanve
propagates through of on the surface of the
material, amy changes 1o the characteristics of
the propagation path affect the velocity, andior
amplitude of the wave. Changes in velocity can
be monitored by measuring the frequency o
phase charactenstics of the semsor and can then
be correlated to the cormesponding physical

quantity being measured,
insing
£ b 2
AN K‘x

i
[

Figure 1 Rayleigh surface acoustic wave
Starting with the Raydeigh surface acoustc
wave (SAW) delay line (see Ffigure 1), the
propagating wave & confned to the top surface
of the substrate. Because of this, the SAW s a
wery sensitive peobe for measuring mechanical
properties such as stress or strain  coupled
into the SAW substrate whather it be through
the packaging or on a diaphragm on which
the SAW tansducer & fabricated. Rayleigh
SAW dewsces can also be talored with special
cuts of piezoelectnc substrate to creale a
wery linear SAW frequency versus termpiratun
dependence, The result = 3 very high resolution
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Acoustic Wave Technology

For Wireless Applications

The aforementioned  characteristics  ane
complemented by the abiily of SAW sensors
to ‘Dperate with no wire connection of battery,
a5 they ane connected only by a radio frequency
link to a transceser of reader unit. This is due
to the very low input signal levels and high
elactrical effioency

A representation of wireless sensoridentification
systerm is shown in Fgure 2. A hagh-Trequency
electromagnetic wave & emitted from a RF
transceiver and is received by the antenna
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Figure 2: Represantation of 3 wieless
temperatine sensar

of the 5AW sensor. The DTS (miendegital
transducers, the comb-kie pattern of metal on
the device that converts the elecinc field energy
1o mechanical wave energy and then back to
an electric field) are connected to the antenna
o convert the recerved signal info an acoushic
wave, which propagates along the sensor and
results i the operation as menticned above.
Depending on the comtruction of the device
{using rmetal patterns. such as reflectors et. al),
the IDTs can retransmit 1o the recewer. The
recesved signal is ampdrfied and then comerted
to a baseband frequency in the RF module and
then analyzed by a signal processor. Because
the operating frequencies high, SAW sensors
are well protected from electromagnetic
interference that often ocours in the vicinity of
nduttnal tquiprr.wn" such &% mators and high-
voltage lines.

Figure 3 A commercially available wireless
temperature Sensor

A commercial 580 temperature sensor offered,
for example, & a 433.7BMHz one-port SAW
resonatod structure specifically designed 1o
have & linear frequency versus lemperatuse
characteristc fsee Figure 3). With a temperature
coefficient frequency of 16.2 ppmC (-T028
Hz™C), it is operable from 0 to 120°C. The
sensor has an unioaded O of 8000, it 1 low loss
(2.548 max} and it Is designed for a S0-chm
systern, When combined with an amlennae
and interrogation unit, this SAW sensor chip
makes @ greal solution for numenous wirebess
termnperaburne sensing applications.

The wireless sensors works within the BM
43392 MHz for the defined operating
termperatune range. The sensors ane desged
to prosde imstantaneous wireless temperature
measurements  for  embedded  real-time,
in-ling emvironments requiring high resolution
and accuracy. A characteristic of the SAW
termiperature sensors is their exceptional stability
characteristics, passng DIN |EC 68 T2-27
specifications for shock rating and screening
according to DIN IEC 68 Ti-6 standands
for wibration rating. Temperature stability
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chasacienstics are assured by DIN [EC 68 Parl
2 - 14 Test W standards.

Such wireless temperatune sensors have been
installed in commercial markets such as cooking
ovens, And currently they continue 1o be
evaluated for industnal applications, such as
the determunation of contact temperature m
high voltage breaker bowes in the electrical
poweer industry and monitoring of temperature
in rotating equipment,

Figure 4: Interrogator with wireless
I'Emperature sema.r.mdammna

Customers in the marketplace are offered a
starter kit that allows for the evaluation and
vallcfation of wineless temperature techniologies
and praducts (see Frgure 4), The starter kits ane
offered with an interrogaton unit and standard
off-the-shelf antenna which can be easily
attached 1o a computer for data capture and
vismalization. The number of sensoes that can
be mterregated and the design of the antenna
o applicaton speciiic consaderations thal
are addressed by moditying the intermogation
electronics,  sendor  charactenistics | and
anlenna design

Finally, a wingless: lemperature | monitaring
sensol in & reflow solder oven provigdes another
application sector. An acoustic-sensos, soldensd
o b0, a PCB with an appropriately- designed
antenna, continucasly reads the temperature of
the e fes 1t trivels through the oven, verifying
the thermal profile present. The readings are
taken very accurately since the frequency of
the sensor changes as a linear function of the
temperature due to the miniscule expansion (on
the order of parts per milion} of the sensing
element. The data s sent wirelessly to a reader
that reads and deplays the temperature in
real-tirme.

I conclusion, wireless acoustic  wave
temperature sensors have unigue features that
allow customens 1o address specification needs
and requirements that otherwise may not have
been possible due to design constraints: and
sensor suppliers are well posed to provide
solutions for these muttiple applications.
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