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Highly sensitive optical hydrogen sensor 
using circular Pd-coated singlemode tapered 
fibre

 

J. Villatoro, A. Díez, J.L. Cruz and M.V. Andrés 

 

A novel optical hydrogen sensor, based on the absorption change o
evanescent fields in a circular Pd-coated singlemode tapered fib
presented. The proposed sensor is polarisation independent an
sensitivity is adjustable by means of the taper diameter, interac
length, and/or light wavelength. A simple light transmissio
measurement setup is used to test the sensor. The sensor is suita
the detection of low hydrogen concentrations with high sensitivity a
fast time response. Transmission changes as high as 60%
demonstrated. 

 

Introduction: 

 

In the past few decades, hydrogen has attracted m
attention in the scientific community owing to its superior properties 
characteristics as a carrier energy over conventional fuels. However
uid or gaseous hydrogen is very volatile, extremely flammable, 
highly explosive, e.g. a gaseous hydrogen leakage in air greater tha
at room temperature and normal pressure leads to an explosive a
phere which is easily ignitable. Therefore, the development of sen
for detecting hydrogen concentrations below such explosive limit is v
important. To date, several optical hydrogen sensors based on diff
working principles have been reported [1 – 6]. Optical sensors see
be the most appropriate sensors in dangerous atmospheres owing t
lack of sparking possibilities and high sensitivity. 

In this Letter, we present a new optical hydrogen sensor based o
absorption change of the evanescent fields in a Pd-coated single
tapered fibre. This sensor is polarisation independent and its sensi
can be adjusted by means of the taper diameter and the intera
length, which can be easily tailored during the taper fabrication pro
[7], and by the light wavelength. Hydrogen concentrations below 
lower explosive limit were detected with high sensitivity and fast ti
response. 

 

Basis: 

 

In a singlemode tapered fibre, the reduction of the core and c
ding diameters causes the evanescent fields to spread out acro
cladding and to reach the outer air-cladding boundary (see Fig.

 

a

 

).
When the taper waist is coated with a Pd layer, the propagation con
of the fundamental mode is modified owing to the interaction with 
layer. Since the palladium refractive index is complex, the fundame

 

mode of the structure exhibits an attenuation coefficient 

 

γ

 

 different from
zero. 

The sensor behaviour under the presence of hydrogen is found by
ing into account the well-known properties of a palladium thin fi
when it is exposed to hydrogen [8]. Palladium has the ability to fo
hydride, the optical properties of which are different than those of

 

H

 

2

 

-free Pd film. Formation of hydride leads to a decrease in both the
and imaginary parts of the palladium complex permittivity. Con
quently, the attenuation coefficient of the fundamental mode of 
structure decreases, therefore the transmission of the device incre

                                      

Fig. 1 Schematic diagram of sensor structure and experimental setup  

a Schematic diagram of sensor structure. φ is taper diameter and Lin is inter-
action length  
b Experimental setup  
SMF: singlemode fibre 
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The transmitted power, when the sensor is exposed to hydrogen, m
expressed as I = I0exp[2∆γLin], where ∆γ is the change of the attenuatio
coefficient, Lin the interaction length, and I0 the transmitted power when
no hydrogen is present. A standard boundary-value method was us
calculate ∆γ for various hydrogen concentrations. As expected, the th
retical results indicate that the relative transmission of the sensor, I/I0,
increases with increasing hydrogen concentration. Furthermore, f
given hydrogen concentration I/I0 increases with wavelength and with
the reduction of the taper diameter.  

Experimental procedure and results: A schematic representation of the
sensor structure is shown in Fig. 1a. A standard telecommunications
fibre was tapered adiabatically to a uniform diameter over a length
several millimetres. The introduction of the taper was performed 
using the travelling-burning technique [7]. The losses of the tape
fibres were typically < 0.1 dB. Three palladium depositions, each 12
thick, were evaporated in high vacuum onto the taper uniform wa
rotating the fibre 120° between two consecutive depositions. This proc
dure gives quasi-circular coatings the thickness of which is close to 
formity and makes the device polarisation insensitive [9]. 

The sensor was tested using the experimental setup shown in Figb.
All the measurements were carried out under normal conditions. A P
tube was used as a gas cell wherein a homogeneous mixture of hyd
and nitrogen (used as a carrier gas) was flowing. Both hydrogen 
nitrogen flow rates were individually controlled by using high-precisi
accucal flow meters. Two kinds of measurements were carried out. F
the power transmission spectra were recorded for a fixed hydrogen 
centration with TE-, TM- and unpolarised light. Secondly, the transm
ted power was measured for different hydrogen concentrations usin
LED. The results are shown in Figs. 2 and 3, respectively. From Fig
it is clear that similar results are obtained no matter the polarisatio
the light, which confirms the light polarisation insensitivity of ou
device. As indicated by the theoretical calculations, the sensitivity of
sensor increases with wavelength. It is worth noting that the bigg

Fig. 2 Transmission spectra for 2% H2 concentration with TM-, TE- and
unpolarised light  

Sensor parameters: φ = 25µm, Lin = 15 mm, and 12 nm Pd layer  
··········· TM-polarised light  
– – – – TE-polarised light  
——— unpolarised light 

Fig. 3 Relative transmission against time for different hydrogen concent
tions 

Sensor parameters: φ = 20µm, Lin = 15 mm, and 12 nm Pd layer 
  No. 16
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transmission changes occur at wavelengths around 1.55

 
µ

 
m, at which

inexpensive semiconductor laser diodes or LEDs are widely availabl

Results shown in Fig. 3 were obtained with an LED, peak wa
length of 1600 nm and 3

 

µ

 

W of optical power, and a photodetector. No
that the sensor absorbs and desorbs hydrogen very rapidly. Whe
hydrogen flow is brought back to zero, the relative transmission rea
the baseline, which reflects the reversibility of the sensor. Fig. 4 sh
the calibration curve of the sensor described in Fig. 3. A maximum r
tive transmission increment of nearly 60% is obtained for a 10% hyd
gen concentration. Note the dramatic changes of the rela
transmission for hydrogen concentrations below the lower explos
limit. 

 

Conclusions: 

 

A novel optical hydrogen sensor using a circular P
coated singlemode tapered fibre is presented. The sensor is based 
absorption change of the evanescent fields in the palladium-co
tapered waist. The proposed sensor is polarisation independent an
sensitivity can be adjusted by the interaction length, taper waist dia
ter, and the light wavelength. It is shown that with a low-power LED a
a single photodetector it is possible to detect hydrogen concentra
below the lower explosive limit with very high sensitivity and fast tim

                

Fig. 4 Calibration curve of the sensor described in Fig. 3  

● experimental data  
– – – – lower explosive limit 
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response. A further study of the proposed sensor will be reported 
future date. 
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