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Abstract

Numerous developments have been dedicated these passed years to demonstrate the use of surface acoustic wave (SAW) de-
vices as passive sensors probed through a wireless radio-frequency link. Giving access to physical parameter variations without
embedded power supply, recent works have shown that SAW sensors can be used under harsh environments such as temperatures
in excess of 300oC and much more. The purpose of this paper is to present a new packaging process for SAW sensors operating
under temperature environments up to 600 oC. The robustness of this packaging process is first validated at the above-mentioned
temperature using a classical temperature probe via wired connection. The reliability of this process applied to differential SAW
sensors then is demonstrated by wireless interrogation of a quartz-based SAW differential sensor from room temperature to 480 oC.
The sensor operation has been validated for several tens of hours without major failure nor significant deviation, although the
measurement distance dynamic range is observed to be dramatically reduced with operating on such a wide temperature range.
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1. Introduction

Surface Acoustic Wave (SAW) are widely used for telecom-
munication and on-board signal processing. Their parametric
sensitivity also allows one for the development of accurate sen-
sors either based on resonators or delay lines. SAW [1] trans-
ducers are therefore considered for probing physical parame-
ters such as temperature in sensing application. Being intrin-
sically radiofrequency devices compatible with remote power-
ing using RADAR-like measurement strategies, these devices
can be used without on-board power supply [2] and as such,
the resulting sensors are compatible with harsh environments
provided a packaging process adapted to such operation condi-
tions. SAW propagation requires the chip surface to remain
stress-free, preventing the use of any kind of material com-
pletely surrounding the chip. The most common packaging
process for high temperature is based on a mechanical holder
for wired measurement [3, 4, 5]. The electrical connections
between the chip and the housing are done by wire-bonding
using bonding wire material resistant to the targeted operating
temperature of the sensor. In [6], a bench dedicated to oper-
ating gas sensors in a high temperature environment has been
developed, here again with the use of a mechanical holder with
high temperature-compatible wires for the electrical connection
between the sensor and the measurement setup. Although al-
lowing for an effective characterization of SAW sensors, these
approaches are poorly suited to a compact conditioning com-
patible with actual implementation of the sensor for real envi-
ronment applications. In the EC/Russia co-funded SAWHOT
project (NMP4-SL-2009-247821), SAW sensors have been de-

veloped for wireless measurements of temperature up to 700oC
[7]. In this context, a dedicated packaging process was devel-
oped for achieving the targeted sensor capabilities.

One of the principal motivation of the packaging approach
developed in the frame of the SAWHOT project was to propose
a low cost and simple process to simultaneously achieve the
electrical and mechanical connection between the SAW chip
and the antenna required for the wireless communication be-
tween the reader and the sensor. The considered solution relies
on the use of a refractory cement paste covering the whole sen-
sor structure and preserving standard tin soldering from lique-
faction and therefore connection defect. The principle of this
approach has been first validated using a wired standard Pt-
100 thermal probe submitted to 600 oC. This packaging process
then has been applied to SAW quartz-based sensor for testing
its reliability, robustness and reproducibility. As the target of
the packaging process was to operate above 600 oC, quartz-
based sensors are unsuitable for such high temperatures since
the Curie temperature characterizing the onset of the α to β
crystalline orientation is 573 oC [8; 9]. However, some exper-
iments have been done [10] to demonstrate the possibility to
use quartz substrates as an alternative solution to pure synthetic
substrates i.e. langasite family (LGS) [11, 12] or gallium or-
thophosphate (GaPO4) [13] for temperature from 25 oC until
480 oC.

The paper first briefly recalls the principle of wireless SAW
sensors. In order to use SAW sensors built on quartz up to
500 oC, the system needs to be assembled and therefore the
packaging process developed in this work is discussed. The fi-
nal sections are devoted to effective temperature measurements
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in the above-mentioned ranges, assessing the evolution of a sen-
sor chip after temperature cycles, and to the evolution of the
physical parameters characterizing the SAW resonator with re-
spect to temperature. The radiofrequency link budget is ana-
lyzed in terms of SAW resonator property evolution with tem-
perature: the drop of the quality factor is related to the interro-
gation range drop, while the coupling coefficient is observed to
remain constant. Due to the large resonance frequency shift ob-
served over the extended temperature range, a differential sen-
sor optimizing the use of the radiofrequency spectrum requires
overlapping frequency ranges for the two resonances needed
for a measurement. The signal processing algorithm used in
the wireless reader electronics is flexible enough to allow for
the identification of both resonances within an extended fre-
quency band ranging from 430 to 450 MHz. A dedicated algo-
rithm is implemented to get rid of the resonance frequency loca-
tion within preset radiofrequency sub-bands, providing the flex-
ibility to track each acoustic mode despite crossing frequency
curves as temperature evolves, and allowing for the measure-
ment of temperature as long as modes do not overlap. As a
conclusion, the capability of differential SAW sensors on quartz
to measure temperature up to 500 oC is discussed.

2. Surface acoustic wave interrogation principle

SAW sensors are broadly classified either as delay lines [14]
or resonators [15], depending on their spectral characteristics,
matching at best the requirements of the Industrial, Scientific
and Medical (ISM) frequency band they are designed for. De-
lay lines exhibit a link budget directly related to the electro-
mechanical coupling coefficient and are hence often fabricated
on lithium niobate well known for the strength of its piezoelec-
tric properties. The bandwidth required for operating a delay
line – typically several tens of megahertz for radiofrequency
pulses shorter than 100 ns – confines their operation in the ISM
band centered in 2.45 GHz. An alternative approach is the use
of narrowband devices (i.e. resonators) which offers access to
lower frequency ISM bands. Particularly, the 434 MHz Euro-
pean ISM band is often considered as a tradeoff between an-
tenna dimensions (the quarter electromagnetic wavelength is
17 cm at such a frequency), dice overall dimensions (typically
smaller than 3×3 mm2) and cleanroom processing lithography
resolution (6 to 9 µm acoustic wavelength for most of the avail-
able piezoelectric single crystals).

The link budget of a delay line is determined by the elec-
tromechanical coupling coefficient (K2

s ) of its surface mode whereas
the quality factor Q is the most relevant parameter for a res-
onator. Indeed, in the former case, the RADAR cross-section
in the RADAR equation [16], which defines the ratio of the
returned power on the incoming power when a target is illu-
minated, is replaced with the magnitude of the insertion losses
IL, magnitude of the S 11 coefficient in the time domain of the
echo considered, multiplied by the square of the electromag-
netic wavelength (IL × λ2), representative of typical antenna
area intersecting the sphere over which incoming energy spreds.
Since the incoming energy is first converted from electromag-
netic to acoustic energy through the electromechanical coef-

ficient K2
s and then from acoustic to electromagnetic energy

through the reverse principle involving the same coefficient,
K2

s is the relevant quantity for a constant acoustic path length,
i.e. a constant acoustic propagation loss. On the other hand,
in a resonator probing approach, the sensor is first loaded with
energy by an incoming monochromatic radiofrequency pulse.
The energy storage time constant is Q/π periods and there-
fore conditioned by resonance quality. Once the loading pulse
stops, a fixed time delay must be kept before listening to the
returned signal to get rid of clutter. Typical durations for un-
loading passive radiofrequency components and getting rid of
clutter are in the microsecond range. The exponential decay
with time t of the returned signal is of the shape exp(t/τ) with
τ = Q/(π · f ), f being the resonance frequency of the sensor.
Since 20 · log10(e) ' 8.7 dB, the losses associated with expo-
nentially decaying signal returned from the resonator is about
8.7 · f · π/Q dB/µs. When working at f ' 434 MHz, and con-
sidering quality factors of the order of 10000 for quartz res-
onators, the time constant is τ ' 7.3 µs. Recording the signal
1 µs after switching from emission to reception yields losses
of 1.2 dB on the RF link balance. The linear dependence of
this logarithmic-loss with Q is obvious and will be the core is-
sue discussed in section 6 of the present paper. As mentioned
above, quartz-based and langasite-based resonators exhibit Q
factors in excess of 10000 at 434 MHz taking advantage of the
limited viscoelastic properties of these materials. To conclude
this paragraph, quartz-based and langasite-based resonators ex-
hibit Q factors compatible with wireless sensor application be-
cause of their low acoustic losses and moderate coupling coef-
ficient (smaller than 1%), which on the other hand make such
materials hardly usable with a delay line approach.

In our embodiment of the pulsed-RADAR like interroga-
tion strategy, the monostatic reader unit emits a radiofrequency
signal lasting 5τ for the spectral width of the emitted pulse to
be narrower than the width at half height of the resonator at a
variable central frequency which is swept over the ISM band.
After each emitted pulse, the returned signal is sampled by a ra-
diofrequency power detector one microsecond after switching
from emission to reception, and a total delay of 5τ including
the signal processing duration is waited for before sending the
next pulse to make sure that the resonator was fully unloaded
and hence make sure that successive probing pulses provide in-
dependent samples. The maximum returned signal is associated
with the resonance frequency f of the resonator and is related,
through a preliminary calibration step, to the physical quantity
under investigation. A differential approach in which at least
two resonances are probed using this approach is mandatory to
get rid of the effects of the transmission channel, local oscillator
drift and aging, or sensor aging.

The underlying physical principle of the sensing mecha-
nism is based on the conversion of the incoming electromag-
netic energy to acoustic energy using the inverse piezoelectric
effect. As piezoelectricity is linear, the finite spectral width
of the incoming pulse is defined as a product with the trans-
fer function of the resonator and the returned power is trans-
mitted as an electromagnetic signal through the direct piezo-
electric effect. The identification of the resonance frequency
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allows for recovering the physical quantity under investigation
via conversion coefficients and physical relations. A parabolic
frequency-temperature law is generally used to derive the tem-
perature to which the sensor is submitted [17], whereas linear
relations are used for determining torque [18] or pressure [19]
via SAW stress sensitivity coefficients. Assuming a properly
designed transducer, our investigation focuses on the packaging
of the sensor to be operated in a high temperature environment.

3. Packaging process for high temperature measurements

For all the experiments, the implemented sensor is the TSEAS10
provided by SENSeOR SAS (Besançon, France), a differential
SAW sensor built on quartz using a Copper-doped Aluminum
metalization for all electrodes (interdigitated transducers – IDT
– and mirrors). The quality factor at room temperature is mea-
sured in excess of Q ≥ 8000 with an electro-mechanical cou-
pling coefficient K2 ' 0.02 %. Each resonator of the sensor
is patterned on the same crystal cut (close to the AT,X cut) but
with different propagation directions (Fig.1 (a)) in order to ex-
hibit different frequency behaviors with respect to temperature.
The propagation directions have been selected such as each dif-
ferential frequency corresponds to one and only one temper-
ature, and that each resonance remains in a given frequency
band in the temperature range from -20 to +160 oC. In this
range, the average temperature sensitivity of this sensor is about
2500 Hz/K.

In the current context, we aim at assessing the behavior of
such a sensor for measurements at temperatures in excess of
350 oC (melting temperature of tin-lead solder), meaning that
the sensor has to be packaged in order to withstand such tem-
peratures: the main challenge we considered is keeping the
antennas connected to the sensor for a wireless measurement.
As a possible solution, Gallagher et al.[20] use a meandered
dipole antenna printed on a substrate (thermal spray process)
with a thick enough layer to allow for the electrical connection
with the transducer. Although this solution sounds attractive
because no additional connection is needed, it was considered
here too expensive and too material consuming for providing
an effective solution for industrial applications. Therefore, a
more flexible approach has been investigated based on standard
packaging approaches modified for withstanding the targeted
temperatures.

The sensor is delivered assembled in a 5 mm × 5 mm Ky-
ocera ceramic package: the sensor chip is glued using a poly-
mer adhesive and wire bonded to the package. While the poly-
mer is unable to withstand temperatures as high as 650 oC, the
ceramic package is observed to degrade when exposed between
10 to 20 hours at 650 oC (Fig.1 (b)). This upper limit is set
as the maximum expected survival duration of the sensor ex-
posed to high temperature, and will meet the requirements of
testing quartz sensors which will not be used beyond the Curie
temperature of 573 oC.

As observed on figure 1 b), the metalization layer of the
case is oxidized after a couple of hours spent at 650 oC.

The core issue of the packaging is being able to associate
the antennas to the ceramic case: our approach is based on a

a) b)

Figure 1: a) Pictures of chip based on two resonators for differential frequency
measurements and b) picture of Kyocera case after 20 hours at 650 oC.

tin-lead soldering for providing the electrical contact. Since
tin-lead melts around 350 oC, well below the targeted operating
temperature, the packaging strategy will aim at confining the
liquid tin-lead alloy in order to maintain electrical conductivity
even above the melting point. The basic idea is that tin-lead is
conductive whatever its physical phase (liquid or solid). There-
fore, the problem to solve is keeping the mechanical coherence
of the connection on the whole temperature range.

The stainless steel antennas are thus soldered to the ceramic
case by using tin-lead solder. A ceramic glue (Ceramabond 503
AREMCO, New York, USA) surrounds the ceramic case con-
taining the sensor and the connection pads in order to provide
mechanical strength to the link between the antennas and the
ceramic package as well as confine the molten tin-lead solder.
Figure 2 shows a sectional drawing of the case containing the
quartz chip located in the ceramic package surrounded by the
ceramic glue.

Ceramic case

Tin solder

Ceramic glue

Connection pads

Stainless steel antenna

Figure 2: Sectional drawing of the packaged quartz sensor.

The packaging process is tested for mechanical ruggedness
and solder confinement with a wired Pt100 temperature probe,
packaged by the protocol described previously. Figure 3 shows
the probe soldered to the alumina carrier on which two strips
of titanium have been preliminary patterned. The probe is then
surrounded in the ceramic glue to provide the mechanical strength
and prevent electrical connection loss.

The probe has been measured during 3 hours at temper-
atures in excess of 600 oC by using the packaging process,
demonstrating that the packaging strategy is sound and appli-
cable to SAW sensors.

4. High temperature measurement setup

In order to measure SAW sensors, a high temperature test
bench has been developed, based on a high temperature ceramic
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Figure 3: Measurement of the Pt100 resistance during the experiment (3 hours
at temperature >600 oC).

oven customized for the application (allowing for sensor inter-
rogation through the back of the oven). A K-type thermocouple
acting as temperature reference probe is inserted via a hole at
the top of the oven: this temperature sensor is used during the
calibration cycles of the SAW sensors. The devices are mea-
sured trough one of the panels of the oven, composed of a heat
resistant ceramic plate allowing the radiofrequency communi-
cation between the reader and the sensor.

5. Temperature measurement with differential quartz sen-
sors

The TSEAS10 sensor has been designed to comply with
a robust measurement strategy in which each resonance is as-
sumed to be confined within a given sub-band of the ISM band.
Thanks to this assumption, a one-to-one relation is achieved
between the difference of the resonance frequencies and the
temperature, and the signal processing software only needs to
look for a returned signal within an acceptable power range in
each sub-band to identify the resonance frequency. Due to the
parabolic dependence of each resonance frequency with tem-
perature, this assumption can only locally be met, and our use
of the sensor outside of its designed operational range breaks
this assumption: the simulated dependance of each resonance
with temperatures up to 500oC is shown in Fig.4.

As reported in figure 4, each resonance frequency is not
confined to a preset frequency range, but the frequencies even
cross around 200 oC, thus breaking the one-to-one relation be-
tween the frequency difference and the temperature and requir-
ing a dedicated measurement algorithm developed below. We
note however the existence of a dead zone around the above-
mentioned crossing temperature for which temperature cannot
be determined.

Operating in an extended temperature range implies extend-
ing the frequency range probed by the reader, as achieved by
using wideband SAW filters rather than filters confined to the
434 MHz ISM band. Beyond the hardware modifications needed
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Figure 4: Extrapolation of the behavior of the TSEAS10 frequencies in the
temperature range from -20 oC to 500 oC.

to operated up to 500oC, the software can no longer use the as-
sumption of a split ISM band to implement a robust algorithm in
which each resonance is assumed to be located in a known sub-
band. Consequently, a flexible algorithm has been developed
to probe the whole frequency range from 430.5 to 434.5 MHz
and to record the returned power. The frequency sweep step is
selected to be equal to one third of the width at half height of
the resonance, a tradeoff between immunity to measured power
noise and validity of a second order polynomial approximation
of the resonance shape [21]. For Q = 6000, the width at half
height ∆ f is f

Q = 434 MHz
6000 = 72 kHz, and sweeping the 4 MHz

wide band with steps of ∆ f /3 requires storing 166 samples to
be processed in order to find the two resonance frequencies. We
will later show that the quality factor decreases with rising tem-
perature and this sampling step condition is hence always met.

The resonance identification algorithm with no pre-selected
sub-band operates as follows: the first resonance is identified
as the maximum of the returned power. Considering that the
quality factor of each resonance is known, a second measure-
ment is performed excluding the already identified resonance in
order to probe the second resonance which is again defined as
the maximum of the returned power in this subset of frequen-
cies. This algorithm has proven its robustness for measuring
static sensors without the assumption of sub-band division and
whatever the quality factor degradation observed as the temper-
ature increases. One drawback is the inability to identify the
resonance frequencies when both resonances overlap, i.e. when
the frequency difference is closer than the width at half height
of each individual resonance. Indeed, with an algorithm based
on this principle, the reader is able to measure both resonances
when they are separated by at least 3∆ f ' 200 kHz.

As a demonstration of these concepts, a wireless measure-
ment of a SAW sensor up to 450oC is performed (Fig.5). For
this experiment, the electrical connection between the antennas
and the ceramic case containing the SAW chip is achieved by
tin/lead solder as in the case of the Pt100 probing test. The
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Figure 5: Measurement of the TSEAS10 sensor from room temperature until
450 oC.

whole system is then included in the ceramic paste as described
in the section dedicated to the packaging. The experiment can
be divided in 5 parts. In parts “A” and “E”, the temperature
is lower than 200 oC and they correspond respectively to the
heating and cooling phases of the experiment. In parts “B” and
“D”, both frequencies are overlapping and the reader is not able
to provide any reliable measurement during this period.
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Figure 6 emphasizes the inability of the proposed algorithm
to probe the resonance frequencies when both values are de-
fined within a 200 kHz band. The intersection of the resonance
frequencies reduces the operating range either below or, as is of
interest in this article, above the intersection at 200oC. Despite
each individual frequency exhibiting significant (>100 kHz) drift
during warming and cooling cycles because of transducer ag-
ing, either due to degradation and degassing of the organic paste
used to glue the quartz chip in the ceramic package, or elec-
trode structure reorganization or oxidation, the differential mea-
surement remains below 90 kHz (in the worst case), yielding a

temperature measurement accuracy below 30 K (considering a
sensitivity of 2500 Hz/K at ambient) at room temperature, and
below 10 K (considering a sensitivity of 8600 Hz/K at 400 oC)
in the upper temperature range of interest.

5.1. Visual observation of the chip

No damage is visually observed on the sensor after exposure
for 3 hours at 450 oC as reported on figure 7.

a)
b)

Figure 7: a) General view of one of the resonators and b) closer view of the
transducers of the TSEAS10 quartz resonator after 3 hours at 450 oC.

The particles observed on figure 7 come from the milling
step needed to open the ceramic package. Despite the melting
point of Aluminum (660 oC), the metalization of the IDT seems
robust and does not present any visible degradation. Copper-
doped Al metalization is expected to better resist to temperature
exposition [22] than pure Al overlays.

6. Long term aging assessment at 480 oC

In order to assess the long term stability of the sensor ex-
posed to a temperature above 450oC, a TSEAS10 sensor pack-
aged in a heat resistance seal as discussed above is placed in
the oven at a temperature set to 480 oC. The frequencies of the
device are measured as shown in figure 8.
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At the beginning of the experiment (between 1 and 65 hours),
the sensor is not measured due to a loss of returned signal by
the reader. A detailed explanation of the reduced interrogation
range due to the large quality factor variation is provided later
in the data analysis. After adjusting the position of the reader
to optimize the radiofrequency link between both elements, the
reader is again able to measure the sensor as expected and the
device submitted to 480 oC is still operating after 65 hours.
As reported in figure 9 which exhibits a zoom on the measure-
ment results acquired during the first hours of the measurement
shown in figure 8, both frequencies are measured by the reader
during the first 1 to 2 hours and the temperature of the oven is
stable as observed by a stable signal on both resonance frequen-
cies. Each frequency is associated to the power received by the
reader, with Pinc.#1 and Pinc.#2 corresponding respectively to
F#1 and F#2. During the first two hours, the power received
from the sensor decreases by 1.5 dB, leading to the loss of both
frequency signals.
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The fact that the power received from the sensor decreases
is representative of the evolution of the physical parameters of
the transducers. A resonator is characterized by two quanti-
ties beyond the resonance frequency: the quality factor Q and
the coupling coefficient K2, both involved in the radiofrequency
link budget. The evolution of these two quantities, as observed
using a measurement using a network analyzer in similar con-
ditions, is reported in Figs.10 and 11. The quality factor and
the coupling coefficient are computed every 10 s and then are
associated to the temperature measured by the K-type thermo-
couple. As shown in figure 10, the quality factor is observed to
decrease for each resonator subject to temperatures from 100 oC
to 220 oC. The trend is however not the same for both res-
onators, although patterned on the same substrate but propa-
gating along different directions: for Res#1, the quality factor
decreases from 6500 to 3200, while for Res#2 the drop is from
6300 to 4500.

Similarly, the coupling coefficient is extracted from the spec-
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Figure 10: Measure of the quality factor of each resonator versus the tempera-
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tra as shown in Fig.11: this quantity does not evolve signifi-
cantly over this temperature range, as expected if being associ-
ated to an intrinsic property of the piezoelectric substrate.
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Figure 11: Evolution of the coupling coefficient of each resonator for tempera-
tures ranging from 100 oC to 220 oC.

Although a decrease in the quality factor induces an in-
crease in the resonance frequency standard deviation [23], we
here consider the interrogation range of the reader probing the
sensor exhibiting variable Q as being defined by a constant re-
ceived power on the radiofrequency receiver stage of the in-
terrogation electronics. We focus on the reception stage since
the loading stage of the resonator is hardly dependent on the
quality factor. During the loading step, an incoming electro-
magnetic power is received by an antenna. Only a fraction of
this incoming energy is converted to acoustic energy due to the
impedance mismatch [24]. At resonance, the load resistance
on the antenna is dependent on the quality factor through the
motional resistance R of the Butterworth-van Dyke model of
the acoustic resonator. Since R is related to the coupling coef-
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ficient K2, the quality factor, the static capacitance C0 and the
resonator frequency fs through [25,26] R = (C0 ·K2 ·Q ·2π fs)−1,
the only significantly varying variable is Q. Assuming an an-
tenna impedance Z0 ' 50 Ω, then varying the quality factor
by a factor of 2 yields a reflected power 1 −

(
1−R/Z0
1+R/Z0

)2
of the

order of 2.5 dB. We will see that such a variation is negligi-
ble with respect to the decaying exponential signal recorded by
the reader unit during the listening step. The exponential de-
cay of the power returned by the resonator, assuming a constant
radiofrequency link budget (constant distance and constant an-
tenna efficiency), is affected by the resonator quality factor vari-
ation ∆Q through ∆loss = 2 × 8.7 · f · π∆Q/Q2 dB/µs or, since
the sampling date after switching from emission to reception is
1 µs to get rid of clutter, ∆loss = 2 × 8.7 · f · π∆Q/Q2 dB. The
leading coefficient 2 reflects that our reader electronics receiver
stage is based on a power detector [21], a quantity related to
the returned voltage by a squared function. The signal loss in
the resonator acts in a similar way as the radar cross section in
the classical radar equation, and the interrogation range is de-
pendent on this loss through a fourth power law [27]. As an
application of the observed quality factor variations during sen-
sor heating from room temperature to 220oC (Fig.10), Q vary-
ing from 6500 to 3500 yields a degradation of the interrogation
range by 17 %. Under the same conditions, the coupling coef-
ficient does not significantly vary (Fig.11) and the link budget
degradation is solely attributed to the variation of the quality
factor. During the cooling phase shown in Fig. 12, with the
missing segment as the resonance frequencies cross between
150 and 210 oC, the quality factor rises back from 1950 to 7480
leading to an interrogation range improvement by 67 %.
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The analysis of the previous measurements allows for iden-
tifying the impact of the temperature on the quality factor of
the sensor. As seen in Fig. 9, the quality factor keeps on de-
caying even at a constant temperature above 450 oC. In order to
assess the impact of the quality factor variation on the increase
of the power emitted by the reader to compensate the link bud-

get degradation, an experiment has been performed under the
same conditions but with a sensor wired to a network analyzer
and kept at a fixed temperature of 480 oC. The quality factor
decrease is assessed for both resonators as reported in Fig. 13.
From measurements 1000 to 4000, the quality factor of the first
resonator remains almost constant at 1080 after the initial de-
crease phase observed until point 800. The quality factor of
the second resonator decreases during the whole experiment,
leading to a reduction from 1100 to 550. Such a quality factor
variation, with ∆Q/Q = 0.5 and Q ' 1100, yields an equivalent
loss of 8.7 · π · f · t ·∆Q/Q2 ' 5.4 when sampling at t = 1 µs af-
ter switching from emission to reception in the wireless reader,
consistent with the observed 2 dB measured in Fig. 9. On the
other hand, the associated interrogation range of this sensor has
been reduced by 71 %, explaining why, once the temperature
remains constant, the radiofrequency link between the sensor
and the reader is evolving, leading, in the worst cases, to a loss
of the radiofrequency signal.
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Figure 13: Measurement of the quality factor and the temperature of the sensor
while the temperature remains constant at 480 oC.

The frequency measurements reported in Fig. 8 remain sta-
ble after optimizing the link budget 60 hours after the begin-
ning of the experiment and keeping the temperature constant
at 480oC. A sudden rise of the frequencies 118 hours after the
beginning of the experiment is attributed to a sudden evolution
of the electrical parameters of the sensor. Although the reader
keeps on recording sensor parameters for another 30 hours be-
fore signal loss, the constant drift is analyzed as irreversible
aging of the sensing element. A picture of the electrodes of the
resonator after completion of this experiment is shown in Fig.
14.

No significant damage to the electrodes is identified visually
(Fig. 14), as the particles visible on the surface result from
opening the ceramic package, although uniform color change
is indicative of surface chemistry modifications of the electrode
material and might be the cause of the frequency drift at the end
of the experiment reported in Fig. 8.

Hence, the SEAS10 quartz sensor was observed to oper-
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a) b)

Figure 14: a) Global view of the differential sensor and b) closer view of the
transducers of the SEAS10 quartz sensors after 160 hours at 480 oC.

ate at 480 oC during 118 hours without any major degrada-
tion. However, although the temperature remains constant, res-
onance frequencies drift as reported in figure 8. F#1 shows a
frequency variation of 106 kHz, and F#2 42 kHz, leading to
a frequency difference variation of ∆ f = 64 kHz. Since the
temperature sensitivity of the sensor is 8600 Hz/K in the tem-
perature range from 450 to 480 oC, the measurement error is
estimated to be about 7 oC. The interrogation range is however
dramatically reduced to less than 50 cm, from an initial typical
range of about 3 m at room temperature using a monopole an-
tenna on the reader and a dipole antenna attached to the sensor,
due to the significant decrease of the quality factor of one of the
resonators.

7. Conclusion

A packaging strategy compatible with operating tempera-
tures up to 500 oC has been proposed and applied to surface
acoustic wave transducers acting as passive sensors interrogated
through a wireless link. In this context, the evolution of the link
budget, and most significantly its dependence with the SAW
resonator quality factor drop with increasing temperature, is
experimentally assessed and analyzed. The electrical connec-
tion between the sensing element and the antenna radiators re-
mains an issue since the targeted operating temperature range is
above the melting temperature of tin-lead solder, which in this
approach is confined by the ceramic package even if the con-
ducting link becomes liquid. The reader electronic unit 32 dB
dynamic range on the emitted power allows for a measurement
distance of the order of 50 cm at 480 oC while compensating
for the link budget variation by tuning the emitted power in or-
der to keep the received power at the optimum setpoint of the
power detector of -55 to -65 dBm.

Based on these considerations, a quartz-based packaged sen-
sor has been measured from room temperature until 480 oC and
the electrical response has been measured during 118 hours de-
spite the evolution of the physical parameters of the resonator.
The quality factor dramatically decreases between room tem-
perature and 400 oC from 7450 to 1950, leading to a decrease
of the interrogation range of the device by 40 %. After a slow
drift of the response, the sensor response is irreversibly lost af-
ter 160 hours of exposure at 480 oC. As a main result of this
study, one can establish that quartz-based differential SAW sen-
sors can be operated above 400 oC with a low cost packaging

solution, even if one should surely not overcome this tempera-
ture for long term applications (i.e. more than several hundred
hours).
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