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Abstract— Passive high-temperature sensors are a most promising area of use for surface acoustic wave
(SAW) devices. Langasite (LazGasSiO14, LGS) has been identified as promising piezoelectric material to meet
high-temperature SAW challenges. As it is necessary to know the material behavior for an accurate device
design, the frequency-temperature behavior of Rayleigh SAW (R-SAW) and shear horizontal SAW (SH-
SAW) LGS cuts is investigated on delay line and resonator test structures up to 700°C by RF
characterization. In the range of the 434 MHz-ISM band, the (0°,22° 90°) SH-SAW cut shows similar
thermal behavior as the (0°, 138.5°, 26.7°) R-SAW cut. Associated with the (0°, 22°, 31°) cut, in which SAW
present mixed type of polarization, the (0°, 22°, 90°) SH-SAW orientation might allow differential
measurements on one single substrate. In the temperature range of 400 to 500°C, delay line test devices using
the SH-SAW cut show a considerable drop of signal. Theoretical analysis evidences that this newly described
behavior might be a result of anisotropy effects in this cut, occurring in case of any slight misorientation of

electrode alignment.
Keywords-high temperature; SAW; SH-SAW; langasite; sensor

L INTRODUCTION

As surface acoustic wave (SAW) devices are very sensitive to external conditions like temperature or
pressure, while being passive, they offer the possibility to realize wireless sensors that could operate in
high-temperature conditions for long time periods [1]. During the last decade, many efforts have been

made to identify and characterize piezoelectric materials that could be used in such conditions. Indeed,



conventional SAW substrates, such as quartz, lithium niobate or lithium tantalate, are all limited to
temperatures below 500°C because of intrinsic physical or chemical transformations [2]. Up to now, the
most reliable results concerning device stability and reproducibility have been obtained with langasite
(La3GasSiO14, abbreviate as LGS). Thus, a SAW signal was recently recorded up to 1140°C by Aubert et
al. [3], while Pereira da Cunha et al. have successfully operated LGS-based SAW devices for several
months at 800°C [4]. So, LGS is currently the best-suited piezoelectric material for high-temperature SAW
applications taking into account availability of crystals and different orientations, too. Nowadays, a major
task is to find the crystal cuts and orientations appropriate for specific purposes. Up to now, the prediction
of cuts fitting dedicated needs is numerically inaccurate as the available LGS material tensor sets are
incorrect above 250°C [5-6]. In order to improve existing data sets, the presented study examines
experimentally the frequency-temperature laws of three different LGS cuts in the temperature regime
between the ambient and 700°C. For this investigation, the following LGS cuts have been chosen, as they
provide sufficiently high electromechanical coupling coefficient K* and zero power flow angle: the
(0°,138.5°, 26.7°) Rayleigh SAW (R-SAW) cut, which is the most extensively examined LGS cut up to
now, the shear horizontal SAW (SH-SAW) cut with Euler angles (0°, 22°, 90°), and the (0°, 22°, 31°) cut
which presents mixed type of polarization [6-9]. All crystals were processed with delay line devices as well
as with resonator structures using the same device mask. The pitch is 2.4 pm and 3.3 pm for the delay line
and the resonator test structures respectively. A platinum based multilayer with a total thickness h of
120 nm was developed and applied to the crystals to enable the electrodes to withstand elevated

temperatures of estimated 900°C.

In the second section, the SAW devices and experimental methods used to examine these substrates are
described. During the third section, the experimental results are presented and discussed, whereas in the
fourth section, theoretical investigations aiming at the explanation of several experimental observations on

the (0°, 22°, 90°) SH-SAW cut are given. The conclusions are presented in the fifth section.



II. EXPERIMENTAL METHODS

The investigations were done mainly by S-parameter measurements on delay lines. A description of the
setup dedicated to in situ RF high-temperature measurements can be found in [10]. The delay lines
examined during this study provide four operating frequencies ranging from 140 MHz to 530 MHz by
combining two interdigital transducers (IDTs), called here IDT A and B, with different frequency splitting.
This allows the use of identical pitches for both IDTs, which reduces the mask complexity. IDT A is
designed to work at frequencies of 1/4, 3/4, 5/4 and 7/4, whereas IDT B shows its harmonic frequencies at
3/7, 5/7, 9/7 and 11/7 of the center frequency fo (Fig. 1). This center frequency fy corresponds to an
imaginative standard IDT with used finger pitch of 2.4 um and can be located at about 600 MHz, differing

slightly from cut to cut according to different propagation velocities of the excited waves [11-12].

Because of the high mass loading of R- and SH-SAW waves under a platinum based metallization, a
large part of the energy of the highest harmonic frequencies, i.e. those above fo, is lost. This resulted in four
reliable signals per test device, where each IDT contributed with two harmonics (Fig. 2): 1/4, 4/7, 3/4 and

6/7 of fo, corresponding respectively to relative thicknesses of 0.625%, 1.43%, 1,875% and 2.14%.

The frequency-temperature behavior of the examined LGS cuts was determined by heating the samples
continually from room temperature to 900°C (temperature ramp: 100°C/h) in fine vacuum conditions
(pressure = 2*10™* mbar). Due to this ramp slope, a measurement could be done with 1 Kelvin difference
between start and end of a frequency sweep and it was steep enough to shift the device failure to
temperatures above 850°C. With a ramp less steep, dewetting processes starting at temperatures above
700°C on Pt based layers, have more time to impact the metallization which leads to stronger signal

disruption and device failure at temperatures below 850°C.

Concerning the (0°, 22°, 90°) SH-SAW cut, the measurement results were reproducible, but
inconclusive. So, a counter-check using a one-port synchronous resonator structure, with a pitch of 3.3 um,
was added to clarify the behavior of this cut. These resonators were measured in the same way as the delay

line test structures mentioned above.



Fig. 1. Electrode pattern of the IDT with N/7™ harmonic splitting
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Fig. 2. Frequency responses of IDTs A and B with platinum electrodes

II. MEASUREMENT RESULTS AND DISCUSSION

The two cuts (0°, 138.5°, 26.7°) and (0°, 22°, 31°) give reliable results until temperatures up to
700°C (Fig. 3 and 4). At temperatures above this mark, the deviation from the fitting parabola curve is
getting significant and is accompanied by an irreversible signal amplitude degradation, which increases
with operating frequency. That can be explained by two main effects: one is the starting agglomeration
and dewetting of the Pt electrodes from this temperature on [13]. The other effect is an increasing surface
roughness of LGS substrates at high temperatures under low-pressure environments [3,14]. Waves with
higher frequencies and therefore shorter wavelengths A have a smaller surface penetration depth which
makes them more sensitive to any change in surface and electrode roughness. The cavities described in
[14] that can be observed all over the crystal surface appear during the heating process. They grow in the

scale of several micrometers and work as diffraction centers for a passing SAW. The diffracting effect



rises as the wavelength shrinks and its penetration depth reaches the cavities extent. Fig. 5(a)-(d) give an
impression of the degradation effects.

The relative thickness h/A of the electrodes also demonstrated an increasing influence on the
frequency-temperature law with rising temperature. Related to the strengthening with temperature of the
IDTs mass loading, this effect is understood and predictable by simulation methods, as it can impact the
performance of SAW filters used in telecommunication devices considerably [15]. In the case of SAW
devices operating in high-temperature environments, it was observed that this phenomenon influences
strongly the device behavior for some cuts. For instance, in case of the (0°, 22°, 31°) cut, the observed
thermally induced frequency shift between room temperature and 600°C is smaller by 2500 ppm at 440
MHz (h/A = 2.14%) compared to the observed shift at 130 MHz (h/A = 0.62%) (Fig. 4).
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. Fig. 5(b): Detail (5x enhancement) oFig. 5(a). As

Fig. 5(a): Overview of a dewetted metal layer, 50x
enhancement in optical microscope. The IDT structures can be recognized, the IDT structure and the formerly
are still recognizable as are the formerly closed metal closed metal layer have been separated into isolated
layers of this delay line with metalized propagation path droplets during the annealing process.
(noted as MET).
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Fig. 5(d): Cross-sectional transmission electron
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Fig. 5(c): Scanning electron micrograph with 2000 micrograph with 40000x enhancement of an IDT finger
enhancement of an IDT finger and LGS surface in and its adjacent LGS surrounding. The fissurgs from Fig.
between. The surface shows several micro fissures, the 5 (C) seem to be the top view of deeper cavities. The
finger beginning dewetting as can be recognized in finger has a width of 1.2 ym so the left cavity is about
agglomeration and deformation. 500 nm in depth. On top of the surface is a preparation
layer necessary to perform the cross-sectional
preparation.

Thus, to compare the temperature behavior of the different cuts, it is mandatory to use devices with
operating frequencies as close as possible to each other and devices of equal design. Therefore, the
formerly presented delay lines can be considered as a good possibility to do so.

Unfortunately the analysis of the signals deduced from delay lines on the (0°, 22°, 90°) SH-SAW
cut remained inconclusive. In the 400-500°C regime, a clearly reproducible signal drop occurs, disabling
the evaluation algorithm to track the signal amplitude, which causes a jump in the trend lines of Fig. 6.
Outside this temperature area, the signal amplitude was analyzable. However, the material degradation
effects like dewetting and crystal decomposition on the SH-SAW cut were comparable to those observed

on the two other cuts.
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Fig. 6. Experimental frequency-temperature laws of SH-SAW (0°, 22°, 90°) LGS cut

Thus, signals were thoroughly analyzed via spectrograms. This signal representation shows the
signal energy distribution in the time-frequency plane. Thereby, the transfer function and impulse
response are projections of the spectrogram pattern versus the abscissa or ordinate, respectively. That kind
of projection leads to a loss of detail and buries signal amplitudes that have the same frequency but
different propagation times, for example. In Fig. 7, a spectrogram of the (0°, 138.5°, 26.7°) R-SAW cut at
room temperature is presented. The coloring code is such that areas of rising energy are colored from
yellow to red whereas areas of low and decreasing energy close to the noise floor are colored from green
to blue. The concentrated red areas correspond to frequency-time events with highest signal energy, i.e. to
the main lobes of a dedicated harmonic where constructive wave excitation and propagation is achieved.
There are two main lobes per frequency (abscissa) at different times (ordinate). It indicates both delay
lines with different lengths per chip that were electrically added for compact signal measurement and
analysis. Periodically repeated orange-red dots between two harmonic frequencies at identical times
correspond to sidelobes of the sinc? function, the Fourier transform of rectangular designed IDTs. In time
domain, no sidelobe is expected, as the signal consists here of two convolved rectangles which results in a
triangularly formed maximum. Parasitic wave modes that are excited and transmitted across the delay line
propagation path and/or partly through the crystal bulk material are marked by circles. They show up in

between and close by the designed main lobes, distorting the transfer function as well as the impulse



response. When inspecting the transfer function only, which is the projection of the spectrogram energy
distribution to the abscissa, most of these encircled spurious signals in Fig. 7 would be invisible. A
spectrogram of a delay line on the (0°, 22°, 90°) SH-SAW cut at room temperature is shown in Fig. 8.
Compared with the spectrogram of the (0°, 138.5°, 26.7°) R-SAW cut, many highly energized spurious
modes can be detected. This indicates that with delay lines and IDTs using spatial sampling, numerous
unwanted modes are excited in addition to the SH-SAW wave modes. Some of the observed parasitic
modes can be identified as bulk acoustic wave modes (BAW), like those in the big circle in the upper left
of Fig. 8. This group of BAW modes shows a characteristic shift in time and frequency from one energy
maximum to the next leading to a stairway-like pattern. The BAW are emitted and generated inside the
IDT, become reflected between top and bottom of the crystal and transverse the propagation path from the
input IDT in a zigzagging manner between crystal surface and bottom towards the receiving IDT. The
higher the number of zig-zag reflections, the longer the transmission time and the shorter the wavelength,
as the latter is dependent on the angle 0 between surface and propagation direction of the BAW (Fig. 9)
[16]. Other marked modes visible on Fig. 8 are more complex to interpret, which is beyond the scope of

this text.
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Fig. 7. Spectrogram of (0°, 138.5°, 26.7°) LGS cut at 28°C. Parasitic signals are marked by circles.
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Fig. 8. Spectrogram of SH-SAW (0°, 22°, 90°) LGS cut at 28°C. Parasitic signals are marked by circles.
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Fig. 9. Bulk wave generation by interdigital transducers. The wavelength of the BAW, Ag, is shorter than As, which is

the one of the dedicated SAW. Both are related by the relation Ag = As.cos®

Between 400 and 500°C, spectrograms corresponding to the (0°, 22°, 90°) SH-SAW cut confirm a
considerable signal drop that occurs at all observed harmonic frequencies, with some differences in
intensity (Fig. 10). The effect has a stronger impact on the designed IDT harmonics than for the spurious
modes. The amplitude energy of several IDT harmonics decreases with rising temperature and drops to a
comparable level like that of the neighboring parasitic modes at about 400°C. During the thermal
translation from 400°C to 500°C, these parasitic modes grow in amplitude whereas that of some designed
IDT harmonics falls below noise level. Above 500°C, the main harmonics recover to a signal level above
that one of the spurious mode (Fig. 11). Compared to that effect, the spectrograms from devices on
(0°, 138.5°, 26.7°) (Fig. 12) and (0°, 22°, 31°) cuts do not show any kind of mode conversion in this

temperature regime.
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Fig. 10. Spectrogram of SH-SAW (0°, 22°, 90°) LGS cut at 440°C.

Fig. 12. Spectrogram of R-SAW (0°, 138.5°, 26.7°) LGS cut at 440°C.



At temperatures above 580°C, the signals of the (0°, 138.5°, 26.7°) and the (0°, 22°, 31°) cuts
decrease gradually, according to expected propagation losses, and signal analysis remains possible over
the whole temperature sweep (Fig. 13). Despite these new information provided by the use of the
spectrograms, the results about the (0°, 22°, 90°) SH-SAW cut were still not easily understandable.

The inconclusive results from the delay line signal analysis on the (0°, 22°, 90°) SH-SAW cut were
then completed by additional measurements using synchronous resonator test structures. Fig. 14 shows
the evolution of the corresponding Bode plot (Si11 magnitude and phase) over the investigated temperature
range. Due to the lack of calibration possibilities and total cable lengths of 3 meters leading to strong
insertion losses and signal phase distortion effects, a considerable part of the information was lost.
However, it was observed that, in contrast to delay line measurements, the resonator signal is stable over
the temperature regime between 400 and 500°C. Above this temperature, the signal magnitude decreases
gradually, which prevents an accurate determination of the evolution of the synchronous frequency
(Fig. 14(a)). Thus, the frequency-temperature behavior of devices was extracted via phase tracking
measurements (Fig. 14(b)). Reproducible results were then obtained, removing the uncertainty about the
thermal behavior of the (0°, 22°, 90°) SH-SAW cut between 400 and 500°C (Fig. 15). The results are

consistent with data from Sakharov et al. [17].

10 Ll . - ol
“p . i .

80 160 240 320 400 480 560
f [MHz]

Fig. 13. Spectrogram of (0°, 138.5°, 26.7°) LGS cut at 580°C.
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With the data derived from the additional resonator measurements on the (0°, 22°, 90°) SH-SAW
cut, the frequency-temperature behaviors of all examined cuts at frequencies close by the 434MHz ISM-

band were compared (Fig. 16). Therefore some prospective applications may be suggested. Thus, the

(0°,22°, 90°) SH-SAW cut and the (0°, 138.5°, 26.7°) cut are characterized by similar temperature



coefficient of frequency (TCF) value trends, which are close to zero at room temperature. They can
subsequently be considered both for applications requiring thermal compensation (e.g. non-temperature
sensing) at ambient temperature assuming an appropriate choice of metal and thicknesses for the
electrodes so that the TCF reaches effectively 0 ppm/°C [9]. In addition, providing a pure transversal
wave mode, the (0°, 22°, 90°) SH-SAW cut appears to be ideal for liquid sensing [8]. Considering
temperature sensing applications, the (0°, 22°, ¥) cut seems to be a top candidate from ambient
temperatures to 500°C, as in this temperature range, the orientations ¥ = 31° and ¥ = 90° have different
temperature behaviors and could therefore be combined on one die to create a pair of sensors [6]. This
allows differential measurement methods, required in resonator configurations as the RF link itself may

notably affect the resonance frequency, with a minimized-size device [18].

IV. THEORETICAL INVESTIGATION OF THE (0°, 22°, 90°) SH-SAW LGS cUT

The experimentally observed unexpected features in the behavior of SH-SAW in the LGS cut
(0°,22°, 90°), described in the previous section, cannot be predicted with known models of SAW
propagation in a substrate with IDTs or periodic gratings. Some of the spurious responses, which degrade
the performance of experimental delay lines, can be referred to shear horizontal (SH) polarized BAW,

which propagates with a velocity slightly higher than that of SH-SAW.
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Fig. 16. Experimental frequency-temperature laws of the 3 investigated LGS cuts close to the 434 MHz ISM-band.



However, a more complete understanding of the observed phenomena is possible if the effect of
anisotropy on the wave propagation in this cut is taken into account [19]. This cut belongs to the
symmetric orientations described by the Euler angles (0°, 6, 90°), in which two degenerate SAW
solutions can exist. One is the piezoelectrically coupled SH-SAW (also known as Bleustein-Gulyaev
wave or surface transverse wave (STW) when it propagates in a periodic grating), with SH polarization
along X-axis of LGS. The second one is the uncoupled Rayleigh wave polarized in the sagittal plane, i.e.
YZ plane of LGS. The velocities of those two modes are generally different.

Any deviation from a symmetric cut, e.g. misorientation caused by technological errors, eliminates
degeneracy of SAW solutions and results in a transformation of each mode into the generalized SAW or
leaky wave with mixed type of polarization. The electromechanical coupling of the Rayleigh-type mode
slowly grows with such a deviation. When misorientation does not exceed 0.5° and the velocities of both
modes are substantially different, the influence of the Rayleigh-type SAW on the device performance is
negligible. A specific feature of the LGS cut (0°, 22°, 90°) is that both modes propagate here with nearly
the same velocity. Therefore, even a small deviation from symmetric orientation is followed by a strong
interaction between the modes, which affects the device performance.

Fig. 17 shows the velocities of SH-type and Rayleigh-type SAWs arising nearly from the same
velocity point when the propagation direction deviates by the angle y from the YZ plane towards the X-
axis of LGS. These and further calculations were made with LGS constants reported in [20]. In Fig.17,
metalized surface is considered, which is equivalent to short-circuit electrical boundary conditions on the
surface. If y=0, the velocities of both SAWs are slightly smaller than Vgaw, i.e. the velocity of the bulk
acoustic wave propagating along the surface with a wave vector generally tilted into the bulk [19]. With
increasing y, SH-SAW holds its quasi-bulk nature. Rayleigh-type SAW transforms into leaky SAW when

y>0.5°, and its attenuation coefficient grows fast with y.
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black line refers to SH-BAW velocity.

With the deposition of a metal film or a periodic metal grating of finite thickness, the velocities of
both modes decrease, but the difference between them stays small as long as y<0.5°. For example, Fig. 18
shows the variation of effective velocities of both SAW modes in orientation (0°, 22°, 90.1°) with
periodic metal grating, as functions of the normalized electrode thickness /#’=h./2p. Platinum electrodes
(hp=100 nm) with titanium sublayer (Ar=10 nm) and a variable pitch of the electrode structures,
p=3...10 um, have been considered. These parameters are consistent with the experimental devices. The
effective velocities were calculated in short-circuit (SC) and open-circuit (OC) gratings as Vr=2pfr and
Va=2pfa, respectively, where fr and fi are resonant and anti-resonant frequencies extracted from
numerically derived admittance functions Y(f). The velocities Vr and Va refer to SH-type SAW
propagating in a periodic grating. Rayleigh-type mode is also trapped by the grating and builds its own
reflection stopband. The velocities V1=2pfi and V>=2pf, refer to the edges of this stopband, fi and f,
which are nearly the same for SC and OC electrical conditions, because of the low piezoelectric coupling
of the Rayleigh-type SAW. As the influence of electrode thickness is smaller on Rayleigh-type than on
SH-SAW, fi(#’) and fo(h’) dependences cross fr(%’) and fa(h’) when the normalized electrode thickness
increases. Each intersection means that the two SAW modes propagate with equal velocities and the

interaction between them grows dramatically.
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This is illustrated by the normalized admittance functions Y(f)/Y(0) (Fig. 19) obtained at four values
of electrode thickness, labeled in Fig. 18 as (a)-(d). When the pitch decreases from 9.6 um to 3.2 pm, the
stopband of the spurious mode moves from the frequencies fi,<(fr, fa) [Fig. 19(a)] to the frequencies
fi2>(fr, fa) [Fig. 19(d)]. If p=6.4 um [Fig. 19(b)], then f> occurs between fr and fa. If p=4.2 um
[Fig. 19(c)], then f; is confined in the interval (fz, fa). Maximum effect of the spurious mode on the
resonant frequency is expected for p=~5 um and p=8.5 um. The anti-resonant frequency will be perturbed
most strongly if p=~3.9 um and p=~5.8 um.

When the working temperature rises, the velocities Vg, Va, V1 and V> all decrease. SH-SAW is
characterized by nearly zero TCF in the cut (0°, 22°, 90°) whereas the spurious mode shows stronger
dependence on temperature. As a result, the intersections between the velocities of the two SAW modes
occur at temperatures which depend on the electrode pitch. For instance, if p=3.2 um (which corresponds
to f= 440 MHz, close to the ISM-band), the admittance looks nearly perfect when 7=25°C [Fig. 19(d)].
The interaction between the modes occurs at higher temperatures, when fr(7) and fa(7) are crossed by

f1(D), as shown in Fig. 20, where misorientation y=0.1° is assumed.
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Fig. 20. Calculated resonant (fr) and anti-resonant (fa) frequencies of SH-SAW and resonant frequency of Rayleigh-
type SAW at its lower stopband edge (f1) in Ti/Pt grating with pitch p=3.2 um, on LGS cut (0°, 22°, 90.1°), as functions

of temperature.

Fig. 21 illustrates how the lower edge of the Rayleigh-type SAW stopband f; moves with respect to
fr and fa when temperature increases from 25° to 650°C. When T=250°C, then fi=fa and anti-resonance
looks split because of the strong interaction between the modes. At higher temperatures, fi is confined

between fr and fa. A maximum effect of the parasitic mode on the resonant frequency is expected at



T=500°C. Thus, it can be assumed that the signal drop observed with delay lines experimentally between
400 and 500°C is related to this interaction between the SH-SAW and the spurious SAW mode. However,
the fact that the phenomenon is largely more intense with these devices than with the investigated

resonator structures remains currently unexplained.
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Fig. 21. Variation of the admittance of resonators with Ti/Pt electrodes and a pitch p=3.2 ym on LGS cut (0°, 22°,

90.1°) with temperature increasing from 25° to 650°C.
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Fig. 22. Evolution with temperature of the measured admittance of a typical investigated resonator built on SH-SAW

(0°, 22°, 90°) LGS cut. Temperature is given by the color scale on the right.



It should be mentioned that though theoretical analysis of the spurious mode was performed at
fixed deviation of propagation direction from symmetric orientation, y=0.1°, a further increase of angle v
up to 0.5° does not give noticeable shift of the found intervals of pitches and temperatures, in which a
maximum degradation of the device performance is expected. However, the piezoelectric coupling of the
spurious mode increases with .

The presence of a parasitic SAW, traveling with temperature, is experimentally observed on the
admittance curves obtained from measurements performed on resonators (Fig. 22). At room temperature,
the resonant and anti-resonant frequencies are located in the vicinity of 440 MHz and 442 MHz,
respectively, whereas a weak spurious mode can be seen close to 445 MHz. This is in good agreement
with the calculations (Fig. 20), as well as the fact that the parasitic SAW is more sensitive to temperature
changes than the main mode. Consequently, the Rayleigh mode is located between resonance and anti-
resonance from about 250°C on, which is also in good agreement with the simulation. Both peaks
superpose when temperature is near 440°C, whereas it was expected around 500°C according to the
calculations. This discrepancy could be caused by the lack of an accurate set of physical LGS constants
for temperatures above 250°C and the ignored temperature dependence of Pt constants. The multiple
spurious modes visible at frequencies above the parasitic SAW mode are caused by transversal modes

inside the resonator structure, which propagate faster than the main SAW mode [21].

V.  CONCLUSION

(0°, 22°, 90°) SH-SAW, (0°, 138.5°, 26.7°) R-SAW and (0°, 22°, 31°) langasite cuts have been
experimentally investigated between room temperature and 900°C, via in situ electrical measurements.
Both (0°, 138.5°, 26.7°) and (0°, 22°, 31) cuts show reliable results up to 700°C. Operating frequencies
measured beyond this point are not relevant because of Pt electrode degradation and crystal
decomposition. In the case of the SH-SAW cut, an intense drop in amplitude of the observed harmonic
frequencies between 400 and 500°C, corresponding with a coincidental rise in amplitude of adjacent

spurious modes occurs, which disables peak tracking of the delay line signal in that temperature regime.



The complete frequency-temperature law of this cut was then deduced via measurements conducted on
resonator structures. It appears that the thermal behavior of this cut is very close to that of
the (0°, 138.5°, 26.7°) orientation, with, in particular, a quasi-null TCF at room temperature. Such a
property coupled to the shear-horizontal nature of the SAW propagating along the (0°, 22°, 90°) direction
makes this cut an ideal candidate for liquid sensing. Moreover, this cut is also very promising to make
resonator-based wireless temperature sensors working in high-temperature environments [22]. Indeed, if
coupled to the (0°, 22°, 31°) cut, which has a turnover temperature close to 300°C, it could allow the
fabrication of a pair of sensors and thus differential measurements on one single die, which is mandatory
in a potential resonator configuration. But it has to be kept into account that any slight IDT misorientation
on the (0°, 22°, 90°) cut leads to excitation of a spurious Rayleigh SAW mode with a velocity very close
to that of the SH-SAW main mode. Consequently, coupling between these two modes occurs at dedicated
temperatures depending on the relative electrode thickness, which leads to a serious degradation of the
device performance. To avoid this, electrode thicknesses of hp/A>2% shall be considered for
implementation [19] though such thicknesses of Pt layers must be carefully examined considering mass-
loading and wave damping effects. Calculations show that such phenomena should happen at
temperatures close to 500°C for devices working in the vicinity of the 434 MHz-ISM band, which might

explain the observed signal drop on delay lines in that temperature region.
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