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Meddy VANOTTI, Virginie BLONDEAU-PATISSIER, David RABUS, Loic RICHARD, Sylvain BALLANDRAS
Time and frequency Department
FEMTO-ST Institute
Besangon, France
Email: meddy.vanotti @femto-st.fr, virginie.blondeau @femto-st.fr, david.rabus @femto-st.fr,
loic.richard @femto.fr, sylvain.ballandras @ femto-st.fr

Abstract—For an increasing number of application (energy
production, car industry, space, etc.), hydrogen represents a
solution of the future as it is the most common body in the
Universe (and therefore on Earth). However, due to its unstable
properties, a particular care must be dedicated to control possible
gaseous leaks close to tanks and facilities using this resource.
In this paper, surface acoustic wave sensors are proposed for
detecting gaseous hydrogen in standard environmental conditions
(atmospheric pressure and room temperature). The proposed
SAW sensors consists in two Rayleigh-wave delay lines built
on Quartz, one equiped with a Palladium overlay and the
other exhibiting a free path between the two interdigitated
transducers used to generate and detect the acoustic wave. The
adsorption/absorption of hydrogen in palladium will briefly be
exposed and the way the response of the sensor is impacted
will be discused. A specific gas test cell has been developed
to test various sensor configurations submitted to hydrogen-
composed atmospheres. A particular care was paid to avoid
hydrogen leakage in the working environement and to perform
the regeneration of the gas absorbing layer. The developed device
allows for identifying different concentrations of hydrogen diluted
in N> and is also able to detect H, in current atmosphere. An
analysis of the sensor operation is proposed to conclude the paper.

Index Terms—gas sensors; hydrogen; SAW device; Rayleigh
waves.

I. INTRODUCTION

The raising shortage of fossil energy resources added to the
increasing concern towards environmental issues have led to
consider hydrogen as one of the most promising energy re-
source. This odorless and colorless gas being highly explosive
over 4% concentration in air, the availability of a fast and ac-
curate detection system close to storing facilities and equiping
hydrogen-operated machines is mandatory for obvious security
reasons. Such a system must exhibit a significant selectivity
as it must detect the presence of gaseous hydrogen in air with
concentrations smaller than the above-mentioned critical limit
at standard conditions (room temperature and atmospheric
pressure) as well as in harsher environment (very low or
significantly high temperature). Although some commercial
solutions have been proposed, the current availability of such a
detection system meeting modern specifications of hydrogen
use and storage is still questionable. The mains aspects to
improve for such sensors are their sensitivity, their selectivity
and their reliability together with sensor size, cost reduction,
energetic needs and response time [1]. Many methods of

detection of hydrogen and a comprehensive review can be
found in the litterature [2], providing a substancial material
base to try and address the above challenges. Among the
possibilities, SAW devices have been studied from long time
as it can be seen in [3] [4] [5].

In this paper, surface acoustic wave (SAW) sensors are pro-
posed for detecting gaseous hydrogen in standard environmen-
tal conditions (atmospheric pressure and room temperature).
The proposed SAW sensor consists of two Rayleigh-wave
delay lines built on Quartz, one equiped with a Palladium (Pd)
overlay and the other exhibiting a free path between the two
interdigitated transducers (IDTs) used to excite and detect the
acoustic wave. These IDTs are built using aluminum electrodes
as this metal is konwn to be inert versus gaseous hydrogen.
The delay lines are monitored in parallel using a synchronous
detection approach (monitoring the phase changes along time
in a phase-locked-loop strategy).

These sensors have been tested in a specific gas cell
developed to experiment with various sensor configurations
submitted to hydrogen-composed atmospheres. A particular
care has been dedicated to avoid hydrogen leakage in the
working environement and to promote the gas absorbing layer
regeneration. The developed device allows for identifying
different concentrations of hydrogen diluted in N2 and is also
able to detect Hs in current atmosphere.

An analysis of the sensor operation is proposed to conclude
the paper. Particularly, the adsorption/absorption of hydrogen
in Pd will briefly be exposed and the way the response of the
sensor is impacted will be discused.

II. EXPERIMENTS

Selective detection of hydrogen at room temperature and
pressure have been achieved with SAW delay lines using
Rayleigh waves on AT-cut Quartz. The sensor structure cor-
respond to a differential set-up in ,which a sensitive track
is achieved by depositing a Pd layer in between two IDTs
whereas the reference track surface is left free to detect non-
specific gas/surface interaction. Along this approach, one can
significantly increase the sensitivity of the device and its
robustness to correlated pertubations (temperature, vibration,
non-specific adsorption). The configuration of both generation
and detection IDTs used for the sensor consist in 50 fingers
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Fig. 1. Scheme of a SAW delay line using Rayleigh surface acoustic wave
at 78MHz.

pairs with a grating period of 10 um and a center-to-center
spacing of 5mm (the reacting surface). The wavelength is
40pum, yielding a frequency operation in the vicinity of 78MHz
as the wave velocity approaches 3100m.s~'. The Pd film
was deposited by thermal evaporation on a single run and
shaped by a lift-off technique. Its length along the propagation
path was 3mm and its thickness equal to 300nm. The device
configuration is shown on Fig.1.

Using a network analyzer, the transfer function of the device
can be easily determine and hence the phase shift induced by
gas absorption has been monitored that way. However, the use
of a dedicated electronics has been experienced and delivers
similar information [6]. This system actually operates as a
network analyzer to detect the optimal operation condition
(zero phase at maximum bandpass amplitude) and then tracks
the phase shift in a phase-locked-loop protocol to keep the ex-
citation frequency meeting the above condition. The sensitivity
of the set-up allows for some tenths milli-degrees resolution.
The response of the bare device and the functionalized one are
respectively measured. This configuration has been used so as
to make a systematic characterization of each new device used
to make the detection. Fig.2 illustrates the way the phase shift
measurement is achieved.
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Fig. 2. Phase shift measurement principle using a dedicated instrumentation.
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Fig. 3. Detection of hydrogen at high concentration in air.

A. Detection of hydrogen at room temperature and atmo-
spheric pressure.

Hydrogen detection in the percent order have been achieved
at room conditions. Fig.3 and 4 present experimental results
when using either nitrogen or air as carrier gas. As it can be
observed in Fig.4, the detection of about 95%vol of hydrogen
in air at 35% RH and 20°C can be achieved with a response
delay of about 20 seconds considering that the determination
of the Hy concentration in the melting gas is made using the
phase shift velocity upon the exposure and not from the steady
state. It is notable that this value depends on a large part on
the performance of the hydrogen generation setup. Therefore,
the intrinsic response delay of the device is expected to be
shorter. Fig.3 shows that the device allows for identifying
different concentrations of hydrogen diluted in a nitrogen flow
of 100sccm.

III. ANALYSIS OF HYDROGEN ABSORPTION ON PD FILMS
AND ITS INFLUENCE ON SAW PROPAGATION.

Absorption of hydrogen into Pd layer induce modifications
of the propagating conditions of the surface acoustic wave
that lead to the modification of the physical characteristics
of this wave (especially its phase velocity). It has been
shown [7] that the two main parameters that influence the
phase velocity change of elastic waves are mass- and elastic-
loading as it can be seen on the equation bellow. Since only
devices using quartz substrates have been used here, changes
in electrodes conductivity is not consider as possible origin
of the observed phenomena and therefore will not be taken
in account. Electromechanical coupling of Rayleigh waves
on Quartz substrates is atually smaller enough to consider
conductivity changes negligible.
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Fig. 4. Detection of hydrogen in the range 4% to 1%vol in Na.
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Fig. 5. Influence of humidity on the detection of hydrogen.

In case of hydrogen adsorption on Pd, the mass density p
and the elastic constants (C’n and 6'44) are both increased
after the phase change from Pd («a-phase) to PdHggs (8-
phase). The values of normalized mechanical displacement
A; for palladium are reported in [8] and [9]. Numerical
calculations of hydrogen absorption in Pd layers [7] predict
an increase of Clys elastic constant, yielding an increase of
the phase velocity of the Rayleigh wave propagating under
such an overlay. These calculations are in aggrement with the
experimentals observations presented in this paper.

IV. THE INFLUENCE OF HUMIDITY AND TEMPERATURE ON
HYDROGEN DETECTION.

As SAW devices are known to suffer from interference due
to humidity and temperature, the influence of these parameters
on the sensor operation is exposed here. The observations
reported in this section are expected to provide information
allowing for the improvement of the differential acquisition
setup. One can see in Fig.5 that an increase of the relative
humidity (RH) of the injected gas causes a mass-loading effect
that results in a decrease of the measured phase of the delay
line. Indeed, the adsorption of condensated water onto the
device leads to a raise in the density p of the Pd layer. From
the previous equation, this behavior is expected to induce a
positive value of % causing the decrease of the phase velocity
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Fig. 6.

as experimentally observed.

Fig.6 evidences the impact of temperature variations on
the capability of the SAW sensor to detect hydrogen at
atmospheric pressure. Temperature changes lead to a shift
down of the delay line synchronism frequency characterized
by a sensitivity of —219.1073°.°C~!. That phase decrease
totally compensates the phase shift toward the high frequency
observed when detecting hydrogen in absence of any
temperature changes. It appears that the delay line used as
a reference do not undergoes any phase shift when exposed
to heated gas since the device is temperature compensated.
Nevertheless, after Pd covering the device used as sensor yelds
sensitivity to temperature. This behavior currently constitute
an obstacle to hydrogen detection but can be avoided by the
use of an appropriate reference. Simulations are expected to
provide the informations needed for the development of such
a system. As one can see on the second part of the graph,
the detection of Hy at 2%vol in Nj is still clearly possible
considering a stable operation temperature at room conditions.

V. CONCLUSION

In this paper, a differential SAW sensor based on Rayleigh
wave on Quartz has been developed and successfully tested.
The sensor consist of two adjacent delay lines, one being used
as a reference and the second one being functionnalized with a
Pd overlay, a metal known to be affected by gaseous Hydrogen.
The observation of specific phase shifts on the sensitive track
compared to reference in presence of gaseous Hydrogen using
different gas carrier did assess the operation of the sensor. The
use of the Pd overlay actually allows to segragate the nature of

Influence of temperature on the detection of hydrogen.

the gas inserted in the reaction cell and provides quantitative
information about its composition. The impact of temperature
and humidity on the sensor operation also were analyzed.
Although the diffrenetial nature of the sensor is expected to
reject such interferences, it appears necessary to control this
parameters at very minimum. Concerning the analysis of the
sensor operation itself, some work still has to be carried oput
even if strong convictions arise from the experiment that the
main change is related to the elastic properties of the Pd film
due to Hydrogen absorpion. The crystalline structure of the
film having an effective influence on the way hydrogen interact
with the metallic film, it still has to be determined in order
to improve simulation accuracy of the leverage of hydrogen
absorption on the SAW device response.
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