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In this paper, two hybrid multimode/single mode fiber Fabry–Pérot (FP) cavities were compared. The cavities
fabricated by chemical etching are presented as high temperature and strain sensors. In order to produce this
FP cavity a single mode fiber was spliced to a graded index multimode fiber with 62.5 μm core diameter. The
Fabry–Pérot cavities were tested as a high temperature sensor in the range between room temperature and
700 °C and as strain sensors. A reversible shift of the interferometric peaks with temperature allowed to es-
timate a sensitivity of 0.75±0.03 pm/°C and 0.98±0.04 pm/°C for the sensor A and B respectively. For strain
measurement sensor A demonstrated a sensitivity of 1.85±0.07 pm/μ and sensor B showed a sensitivity of
3.14±0.05 pm/μ . The sensors demonstrated the feasibility of low cost fiber optic sensors for high tempera-
ture and strain.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Fiber optic sensors based in Fabry–Pérot (FP) cavities are attrac-
tive due to their high sensitivity to pressure, strain, temperature
and acoustic waves. Fiber optic interferometric sensors have numer-
ous advantages over conventional sensors such as immunity to elec-
tric interference, response to a wide variety of measurands, high
resolution, high accuracy, small size, etc. Fiber optic interferometric
sensors have been applied in health monitoring, airplanes, space air-
crafts, civil engineering structures [1].

FP cavities can be extrinsic or intrinsic to the fiber. Intrinsic Fabry–
Pérot interferometric (IFPI) sensors have a cavity within the fiber
[2–5]. Having the sensing element in the fiber overcomes some of
the disadvantages of extrinsic sensors. Typically, IFPI sensors where
mirror are not used, have low reflectivity due to the small refractive
index differences at the cavity interfaces [6]. There are many different
techniques to create intrinsic fiber optic FP cavities, such as those
based in a pair of splices [7], a pair of tapers [8], fiber Bragg gratings,
either using two consecutive identical grating structures [9] or a sin-
gle low reflectivity FBG and the fiber-end Fresnel reflection [10] .

High temperature strain gauges are one of the most important ap-
plications of FP sensors. Electrical strain gauges are a mature technol-
ogy and are widely used. However, the major drawbacks of these
sensors such as short lifetime under high temperature, nonlinear dis-
tortion and vulnerability to electromagnetic interference, can be
partment of Physics, Rua do
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overcome by fiber optic strain sensors. The last are capable to operate
in harsh environments, with high resolution and immunity to electro-
magnetic interference [11].

Low finesse fiber FP interferometers are commonly used as optical
sensors for measurements of physical parameters as strain, tempera-
ture, refractive index, pressure, etc. Normally these sensors have sealed
cavities [12–14]. Several authors have used the chemical etching tech-
nique to create sensors based in Fabry–Pérot cavities. Sensor geometries
based in chemical etching technique tomeasure strain and temperature
[14], refractive index [13] and pressure [15], were reported.

In this work two novel Fabry–Pérot interferometers based on
chemical etching in multimode graded index fibers are fabricated
and their response to temperature and strain are compared.

2. Fp-Cavity fabrication

2.1. Fabrication of the FP cavities

Chemical etching is a simple and inexpensive method to create con-
cave or convex fiber tips, still allowing high optical transmission. Chem-
ical etching of an optical fiber tip consists in dipping the tip of the fiber
in hydrofluoric acid (HF). Controlling the time, temperature and agita-
tion it is possible to create concave or sharpened fiber tips [16]. The
overall chemical etching reaction, dissolution of silicon dioxide, also
kwon as silica (SiO2), in aqueous HF solution, can be described as,

SiO2þ 6HF→H2SiF6þ 2H2O ð1Þ
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Fig. 1. Experimental setup used for interrogation of the Fabry–Pérot cavity sensors.
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The fused silica dissolution in HF is influenced by the presence and
composition of dopants. In case of an optical fiber with a germanium
(Ge) doped core and a silica cladding, the Ge core etches faster than
the silica based cladding. Germanium oxide (GeO2) has, as fused sili-
ca, a tetrahedral configuration. For Ge–O the energy bond dissociation
is lower than for Si–O, 662 kJ/mol and 799 kJ/mol, respectively. Fused
silica doped with germanium can be represented as (Si–Ge) and (Ge–
Ge). The dissolution rate is higher when fused silica is doped with
germanium possibly due to the lower energy bonds of Ge–O and
the presence of defects [17]. Germanium dioxide dissolution in HF
may be described as,

GeO2þ 6HF→2H3O
þ þ GeF6

2− ð2Þ

The etching procedure applied to the optical fibers, consisted in
dipping the tip of a graded index fiber in a solution of HF 48% during
8 min. Due to the different etching rates of core and cladding, a con-
cavity could be obtained in the fiber tip. Figs. 1 and 2 show images,
obtained by optical and electronic (SEM) microscopy, of the resulting
cavities.

2.2. Characterization of the FP cavities

Fig. 1 shows the experimental setup used for characterization of the
intrinsic FP cavities. The setup consisted in an optical broadband source
with a central wavelength at 1550 nm and a bandwidth of 100 nm. An
optical circulator was used to redirect the reflected spectrum towards
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Fig. 2. Evolution of cavity length with etching time.
an optical spectrum analyzer (ADVANTEST Q8384) with a resolution
of 10 pm to observe the spectral response of the sensing head.

In order to attain control on the cavity parameters, the progression
of the etching process was monitored by recording periodically the
cavity length and the external fiber diameter (estimated by optical
microscopy). The results obtained can be seen in Figs. 2 and 3. As
expected, the cavity length increases over the immersion time in
HF, while the fiber diameter decreases. Although the HF reaction is
much faster in the fiber core due to the presence of germanium, etch-
ing also takes place in the cladding region at a lower rate. For the
graded index fiber with 62.5 μm of core diameter, the rate of increase
of the cavity length (Δl/Δt) was 18.74±0.30 μm/min, while the ex-
ternal fiber diameter was reduced with a rate (Δd/Δt) of −3.02±
0.08 μm/min. A finer adjustment of the cavity features can be attained
by reducing the etching rates by simple dilution of the acid.

To create the intrinsic FP cavities, Fig. 4, a single mode fiber
(SMF28) was spliced to a graded index fiber with 62.5 μm of core di-
ameter (GIF625) and then the GIF625 was cut the as near to the splice
as possible, ~150 μm away from the splice (Fig. 4-1). The fiber was
then chemically etched during 8 min creating a concavity, of approx-
imately 100 μm, in the tip of the fiber (Fig. 4-2). This process was re-
peated twice and then two identical concavities were spliced together
creating sensor A (Fig. 4-3). If a single concavity was spliced to a stan-
dard SMF28 fiber instead, sensor B was obtained (Fig. 4-4). The
splices were done manually by an arc discharge (I=32 mA,
t=550 ms) and monitored in real time with the OSA. In Fig. 5 images
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Fig. 3. Evolution of the fiber diameter with etching time.
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Fig. 4. Schematic process of the sensors fabrication.
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Fig. 6. Output spectra of the cavities in air for sensor A and B.
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obtained by optical microscopy of both sensors described above are
shown.

Fig. 6 shows the spectra obtained in air for both cavities. A wave-
length fringe period of approximately 8.75 nm can be observed for
sensor B cavity while the fringe period for the sensor A cavity is
15 nm. Because the FP spectral responses present a low finesse, its be-
havior can be approximated by a twowave interferometer. The differ-
ences in optical power are due to the higher loss in the longer cavity
(sensor A). Sensor A displays fringes with a 6 dB contrast correspond-
ing to a visibility of 75%. On the other hand, in sensor B a fringe con-
trast of 2 dB can be measured that is equivalent to a visibility of 25%.
The visibility discrepancy is due to the differences in symmetry of the
cavity interfaces in each configuration.

3. Fp-Cavity experimental results

3.1. Response to strain and temperature

The spectral response of sensors A and B were monitored when
the FP-Cavities were subjected to longitudinal strain. Fig. 7 shows
Fig. 5. Optical microscopy images of sensor A (up) and sensor B (down).
the relationship between the wavelength response and the strain
for both sensors. Sensor B showed a sensitivity of 3.14±0.05 pm/με
and sensor A a sensitivity of 1.85±0.07 pm/με. This disparity is
expected due to the differences in the geometries created by chemical
etching and splicing, i.e., the Young modulus is different for the sen-
sor A and B.

The intrinsic FP sensor response to high temperatures was charac-
terized in a tubular oven. The characterization was realized between
room temperature and 700 °C for the two sensors. Both sensors main-
tain a reversible response until 800 °C. Fig. 8 shows the wavelength
shift of the spectral peaks in response to temperature. The sensors
sensitivities are of 0.75±0.03 pm/°C and 0.98±0.04 pm/°C for sen-
sors A and B, respectively. The ratio between the two cavities length
is 1.6 and the ratio between the two sensitivities is 1.3. The difference
is due to the symmetry and asymmetry of the sensor A and the sensor
B, both in terms of their geometries and the types of fiber at each in-
terface. Comparing with previous work [18,19], this geometry sensor
presents some advantage namely, it can be interrogated in reflection
and in specify applications the low sensitivity can be interesting as a
temperature independent sensor when is worked at room
temperature.

4. Conclusions

Two intrinsic FP optical fiber sensors were fabricated. The FP cav-
ities were obtained by splicing a single mode fiber and a graded index
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Fig. 7. Strain response of the FP cavities of sensor A and B.
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Fig. 8. Temperature response of the FP cavities of sensor A and sensor B.
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fiber together, followed by a cut near to the splice, The short end of
the fiber with graded index fiber was chemically etched with HF
48% during 8 min and then the resulting cavity was A) spliced with
an identical fiber and B) spliced to a single mode fiber. The application
of chemical etching to a graded index fiber enables the fabrication of
large cavity lengths with thin walls, when compared with single
mode fiber, enabling higher sensitivity to longitudinal strain. Sensor
A showed to be less sensitive to strain and temperature then Sensor
B. Sensor A showed a sensitivity to temperature of 0.98±
0.04 pm/°C and sensor B a sensitivity of 0.75±0.03 pm/°C. As for
longitudinal strain the sensitivities for sensor A and B were, respec-
tively, of 1.85±0.07 pm/με and 3.14±0.05 pm/με. Both structures
are therefore suitable for the implementation of strain FP sensors
for high temperature applications.
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