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Fabry—Pérot Cavity Based on a Suspended-Core Fiber
for Strain and Temperature Measurement

Orlando Frazdo, S. H. Aref, José M. Baptista, José L. Santos, H. Latifi, F. Farahi, Jens Kobelke, and Kay Schuster

Abstract—A fiber-optic Fabry-Pérot sensing structure based on
the utilization of a suspended-core fiber is presented. The interfer-
ometric structure is formed when a small length of the suspended-
core fiber is spliced to the end of a standard single-mode fiber.
The interfering waves are generated by the refractive-index mis-
matches between the two fibers in the splice region and at the end
of the suspended-core fiber. Thermal and strain responses of two
different sensing heads associated with suspended-core fibers with
three and four holes are characterized.

Index Terms—Fabry-Pérot (FP) interferometer, microstruc-
tured fiber, optical fiber sensor.

1. INTRODUCTION

PTICAL fiber Fabry—Pérot (FP) interferometric sensors

have been demonstrated in the past for many sensing ap-
plications. These sensors can be classified as extrinsic or in-
trinsic depending on their geometry. For extrinsic sensors, an air
gap between two cleaved end faces is used. On the other hand,
when dealing with intrinsic sensors, the mirrors are fabricated
inside the fiber. Kersey et al. [1] published in 1983 a fiber FP
formed by the two extremes of the fiber. In 1988, Lee and Taylor
[2] proposed a fiber FP where the FP reflectors were formed on
the single-mode fiber by a fusion splicing technique. Farahi et
al. [3] demonstrated a multiplexing network using this type of
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optical fiber sensors. Kao and Taylor [4] reported the same con-
figuration located inside of a stainless-steel hypotube to act as
a pressure sensor. Later, Tsai and Lin [5] demonstrated an in-
trinsic FP temperature sensor by fusing two fibers with different
core diameters.

Recently, with the emergence of the photonic crystal fibers
(PCFs) [6], several authors have studied and also used this
new technology to implement new devices, namely novel
FP-fiber-based interferometers [7]-[9]. An FP structure
formed by splicing a section of hollow-core PCF between two
single-mode fibers was proposed and demonstrated by Rao
et al. [10], where a reflective TioO3 film was coated on the
end surface of the lead-out fiber to form a Fizeau-type etalon.
This sensing device shows good sensitivity to strain and low
sensitivity to temperature. A miniature in-line fiber-optic FP
etalon, micromachined by a femtosecond 157-nm laser, was
fabricated on a PCF and reported by Ran et al. [11]. Due
to the low coefficient of thermal expansion of silica and the
residual thermooptic coefficient of air, it was reported nearly
temperature independent strain measurement up to 800 °C. The
suspended-core fiber structure was first proposed by Monro et
al. [12] and one of the initial envisaged applications was gas
sensing. Indeed, Webb et al. [13] investigated an acetylene
gas sensor based on a suspended-core fiber. Recently, Frazao
et al. [14] characterized strain and temperature response of a
Sagnac interferometer sensor with a four-hole suspended-core
fiber. In this letter, a new geometry of an FP structure based on
a suspended-core fiber with three and four holes is presented.
The sensors’ characteristics for strain and temperature mea-
surements are reported.

II. EXPERIMENTAL RESULTS

Fig. 1 presents the experimental setup for characterizing the
sensing head. The setup consists in a broadband source with a
bandwidth of 100 nm and a central wavelength of 1550 nm. The
FP was interrogated in reflection via an optical circulator and
an Advantest Q8384 Optical Spectrum Analyzer (OSA), with a
maximum resolution of 10 pm.

The FP cavity is formed when a small section of a suspended-
core fiber (with three or four holes) is spliced at the end of a
standard single-mode fiber (SMF 28). The loss induced by the
splice is &5 dB. The suspended-core fibers were made of pure
silica and fabricated at Institute of Photonic Technology (IPHT,
Jena, Germany). One of the fibers has three holes with diameters
of =~ 20 pm, while the core and the cladding have diameters of
~ 3.2 and =~ 129 pum, respectively. The other suspended-core
fiber used has four holes with diameters of ~ 43 pm, a core of
~ 5 pum, and a cladding with &~ 139 pm (inset of Fig. 1). The
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Fig. 1. Experimental setup with the sensing head (photographs of the sus-
pended-core fiber with three and four holes are shown).
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Fig. 2. Spectral response of the FP cavity with a four-hole suspended-core fiber
before and after the splicing with a hollow-core fiber.

two suspended-core fibers under test had a length ~1 mm (four
holes) and =0.84 mm (three holes). Due to this small length
and in order to be able to apply strain, a hollow-core fiber (in
this case, a hollow-core PCF) with 50 mm length was spliced at
the end of the suspended-core fiber without destroying the core
mirrored surface of this fiber.

The reflectance of the first FP mirror is obtained due to the
core discontinuity between the standard single-mode fiber and
the suspended-core fiber. Considering the characteristics of the
two fiber cores, a low reflectance is expected. The reflectance
of the second FP mirror is due to the Fresnel reflection at the
suspended-core fiber end. Fig. 2 shows the spectral response
of the FP cavity with a four-hole suspended-core fiber before
and after the splice with the hollow PCF. As can be observed,
after splicing, the visibility and phase of the interferometer are
changed. These variations are expected due to changes intro-
duced by the electric arc at the end of the suspended-core fiber.
Similar results were obtained for the case of the three-hole fiber.
We should emphasize that the phase change is in major part due
to impact of electric arc in length and refractive index of the
fiber and it is not due to phase change in reflection.

The temperature characterization of the sensing heads was
conducted at a constant strain. The sensors were placed in an
oven where the temperature was set from room temperature up
to 90 °C, with an error smaller than 0.1 °C. Fig. 3 shows the
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Fig. 3. Temperature response for the two FP cavities.

temperature responses of the two sensors. The sensitivity co-
efficients are 7.65 and 8.89 pm/°C for the fibers with three
and four holes, respectively. The ratio between these two co-
efficients is ~1.16, which is approximately the ratio between
the two cavity lengths (1.17), as it should be considering that
the temperature sensitivity is essentially determined by the ther-
mooptic coefficient of silica and, therefore, proportional to the
cavity length (assuming that the two fibers have approximately
the same modal characteristics [15]). The phase coefficients can
be obtained using the relation d¢ = (4wnL/A?)d)\, where L is
the cavity length, n is the effective refractive index of the guided
mode, and ) is the operating wavelength (around 1550 nm).

The strain responses of the sensors were also studied. As men-
tioned before, a length of hollow-core PCF was spliced to the
end of the suspended-core fibers that permits strain measure-
ments (see Fig. 1). The results are shown in Fig. 4. It is im-
portant to mention that the strain values indicated in this figure
are average values. Due to the different silica areas in the cross
sections of the standard single-mode fiber, the suspended-core
fiber, and the hollow-core PCF, the strain is not constant along
the sensing head [16]. A linear response to strain with slopes of
1.32 and 1.16 pm/ ue for the cases of the suspended-core fibers
with three and four holes, respectively, can be observed. Con-
sidering the geometry of the hollow-core PCF, the stress from
this fiber is essentially applied to the cladding region of the sus-
pended-core fibers, i.e., the stress is applied to the suspended
core through the supporting walls. Looking at the inset pho-
tographs of Fig. 1, it turns out that the cladding cross-section
area is smaller for the three-hole suspended-core fiber. There-
fore, for a given stress applied to the fiber sensing head system,
the elongation of the three-hole fiber segment is higher com-
pared with the four-hole case, which explains the higher strain
sensitivity of the FP sensing head relying on the three-hole sus-
pended-core fiber. The temperature and strain sensitivity coef-
ficients obtained for the studied sensing heads are grouped in
Table 1.

Due to the presence of holes in the fiber structure and
the absence of doping in the core, it is expectable that these
FP interferometers have larger strain sensitivity and smaller
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Fig. 4. Strain response for the two FP cavities.

TABLE I
STRAIN AND TEMPERATURE SENSITIVITY COEFFICIENTS

Strain Temperature
Fabry-Perot 0
Y (pm/pe) (pm/°C)
Three-holes 1.32 7.65
Four-holes 1.16 8.89
Strain Temperature

(normalized phase
sensitivity: rad/m.pe)

Fabry-Perot (normalized phase

sensitivity: rad/m.°C)

10.4 67.8

67.6

Three-holes

Four-holes 8.5

temperature sensitivity when compared with FP cavities imple-
mented in the standard single-mode fiber. Indeed, the results
presented by Singh and Sirkis[17] confirm this statement in
view of their reported sensitivities values of 2.1 rad/(m - pe)
and 98.2 rad/(m-°C) for strain and temperature, respectively.

It is relevant to emphasize an important practical aspect of the
proposed sensing structures. In view of the mismatch between
the fundamental-mode effective indexes when it propagates in
the suspended-core fibers, in standard single-mode fibers or in
hollow-core PCFs, there is always a partially reflective surface
at the splicing points of these fibers. Therefore, the fabrication
of these miniaturized FP interferometers is relatively straight-
forward.

Although in this letter the strain and temperature measure-
ment characteristics of these sensing structures were addressed,
their applicability for measuring other quantities such as the ex-
ternal medium refractive index, hydrostatic pressure, or the dy-
namic pressure associated with acoustic waves is foreseeable.

Therefore, their study is proceeding, looking also for the devel-
opment of operational software-based signal-processing tech-
niques and the investigation of multiplexing layouts for multi-
point measurement.

III. CONCLUSION

In this letter, two fiber FP interferometers based on sus-
pended-core fibers with three and four holes was presented.
The temperature and strain responses of these sensing struc-
tures were studied and compared with those found in related
FP cavities built in standard single-mode fibers.
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