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Abstract: A fiber-optic Fabry-Perot hydrogen sensor was developed by measuring the fringe contrast
changes at different hydrogen concentrations. The experimental results indicated that the sensing
performance with the Pd-Y film was better than that with the Pd film. A fringe contrast with a
decrease of 0.5dB was detected with a hydrogen concentration change from 0% to 5.5%. The

temperature response of the sensor was also measured.
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1. Introduction

Clean and renewable energy has attracted much
attention, among which hydrogen is one of the most
promising ways. Hydrogen has many advantages,
such as cleanness, reproducibility, lightness, and big
heat capacity. However, it is very dangerous for us
to store or transport hydrogen because of its wide
explosion concentration range and low ignition.
Various hydrogen sensors have been investigated
and reported in literatures so far, based on
semiconductor, electrochemical [1, 2] and fiber optic
schemes [3—6]. Semiconductor and electrochemical

sensors work based on their electrical characteristics.

They may produce sparks and cause an explosion
when the hydrogen concentration exceeds the lowest
explosive limit. The optical fiber hydrogen sensor is

inherently safe.
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Palladium (Pd) has been widely used in
hydrogen sensors because of its high sensitivity and
selective affinity [7-10]. The further Pd-Y film was
used for hydrogen sensing [11]. In this paper, a
novel hydrogen sensor is proposed and
demonstrated based on the graded-index multimode
fiber (GI-MMF) Fabry-Perot (FP) structure [12]
coated with a Pd-Y film. The sensing performance is

measured.

2. Experimental setup

The sensor consists of a GI-MMF FP structure
and a Pd-Y film coated at the fiber end, as shown in
Fig. 1.

The fabrication process of the FP structure was
described in detail in [12]. The sensor with this
structure has the advantages of high fringe contrast,
low cost, high sensitivity, and easy fabrication, and
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it can measure refractive index and temperature
simultaneously. There are three reflective interfaces
in this sensor, including the single mode fiber (SMF)
end, the air-gap, and the GI-MMF end, respectively.
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Fig. 1 Structure of the fiber-optic Faber-Perot (FFP)
hydrogen sensor.

The Pd-Y film absorbs hydrogen, and PdH-Y is
produced, leading to the changes in both optical loss
and the refractive index of the film. Pd-Y was
proved to be an ideal sensitive material for a
hydrogen sensor [11]. The optical fiber sensor
measures refractive index changes based on the
interaction between the hydrogen and Pd-Y film,
which induces the change in the refractive index of
the Pd-Y film which is coated on the optical
GI-MMF fiber end. Further, the fringe contrast of
the reflective spectrum of the FP sensor will change.
Meanwhile, the temperature can be measured
according to the wavelength shift of the spectrum.

The experimental setup is schematically shown
in Fig.2. The wavelength-swept laser based optical
spectrum analyzer was used to measure the
reflective spectrum of the sensor. The range of the
input spectrum was tunable from 1510 nm to
1590 nm. The hydrogen sensor was placed in a
chamber with a fixed volume. The volume was
about 600 mL. Different hydrogen concentrations
were controlled by means of flow valve control,
ranging from 0% to 6%. A set of data were recorded
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Fig. 2 Schematic setup of the FFP sensor used to detect
hydrogen gas.

every half hour in order to let the film and hydrogen
have a sufficient reaction.

We took the sensor out of the chamber and
exposed it to air for sufficient time in order to let the
PdH-Y transform into Pd-Y completely. Then the
temperature response of the sensor was measured.

3. Results and characteristics

The reflective spectra of the FFP sensor with the
Pd-Y film and with the Pd film in different hydrogen
concentrations are shown in Figs. 3(a) and 3(b),
respectively. In the first experiment with the Pd-Y
film, we tested the hydrogen volumetric
concentration at 0%, 1.5%, 3.17%, 4.8%, and 5.7%,
respectively. It is indicated by the experimental
results that the interference fringe contrast decreases
as the hydrogen concentration increases and the
wavelength shift is small. The maximum fringe
contrast obtained in this experiment was about
22.75dB.

(@)

(b)

Fig. 3 Reflective spectra of the FFP sensor with the (a) Pd-Y
film and (b) Pd film.

In order to make a comparison, we used another
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FFP sensor coated with the Pd film instead of the
Pd-Y film to repeat the experiment with the
1.67%,
2.50%, and 3.33%, respectively. The maximum

hydrogen concentration of 0%, 0.83%,

fringe contrast of the point we chose in this
experiment was about 26.41dB.

Figure 4 shows that with an increase in the
hydrogen concentration, the fringe contrast of the
FFP sensor decreases. It provides a basis for us to be
able to detect the hydrogen concentration. A fringe
contrast of 0.5dB was detected for the FFP sensor
with the Pd-Y film when the hydrogen concentration
changed from 0% to 5.5%, while of 0.2dB for the
FFP sensor with the Pd film when the concentration
changed from 0% to 3.3%. The FFP sensor with the
Pd-Y film is more suitable for a hydrogen sensor
than that with the Pd film, in both the sensitivity and
linearity.

(b)

Fig. 4 Fringe contrast versus hydrogen concentration by the
FFP sensor with the (a) Pd-Y film and (b) Pd film.

The scanning electron microscopy (SEM)

Photonic Sensors

images of the Pd-Y film before and after hydrogen
sensing are shown in Fig.5. The Pd-Y film has the
good recovery property and can be used for multiple
times for hydrogen sensing. In this aspect, the
performance of the Pd film is not as good as the
Pd-Y film [11].

Fig.5 SEM images of the Pd-Y film before (left) and after
(right) hydrogen sensing.

The temperature responses of the FFP sensor are
shown in Fig.6. According to the previous research,
the GI-MMF FFP
temperature and refractive index simultaneously

sensor can measure the

with low cross talking. Temperature mainly
influences the wavelength shift of the interference
fringes. Good linearity is shown in Fig.6. The fringe
induced by the
variation is negligible. The temperature responses of
the FFP sensor with the Pd-Y film and Pd film are
almost the same.
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Fig. 6 Wavelength shift of the FFP sensor as a function of
temperature.

4. Conclusions

An optical fiber hydrogen sensor based on the

graded-index =~ multimode  fiber  Fabry-Perot
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interferometer coated with the Pd-Y film is proposed
and developed. The hydrogen concentration and
temperature can be determined by measuring the
fringe contrast and wavelength shift of the reflective
spectrum, respectively. Compared with the Pd film,
the Pd-Y film has advantages of high sensitivity and
linearity.
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