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Abstract: An interferometer based on a D-shape chaotic optical fiber for measurement of
multiparameters was proposed. The sensing structure relied on a D-shape fiber section spliced in
between two singlemode fibers and interrogated in transmission. The optical spectrum was composed
by multiple interference loss peaks, which were sensitive to the refractive index, temperature and
strain — maximum sensitivities of 95.2 nm/RIU, 10.5 pm/C and -3.51 pm/pe, respectively, could be

achieved.
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1. Introduction

Interferometry in optical fibers is easily
fabricated, and distinct geometry has already been
developed. Although highly sensitive to various
types of physical and chemical parameters, the cross
sensitivity to temperature has been always an issue.
Many different types of interferometric techniques
have been developed for simultaneous measurement
of multiparameters. Michelson or Mach Zender
interferometers usually require some meters of the
fiber to enhance sensitivity [1, 2]. However, using
specific optical devices such as long period grating
structures, it is possible to obtain more attractive
geometry within some centimeters of fiber [3]. One
of the most frequently used techniques is the fiber

optic Fabry-Perot interferometer. In this case, cavity

lengths with few micrometers are easily obtained [4].
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Also, multimodal interference-based fiber devices
have been an active area of research. A simple
technique is to generate multimode interference
among high-order guided modes of a step index
multimode fiber spliced in between two single mode
fibers [5]. In other hand, intermodal interference
using high birefringence fibers has shown high
different
parameters [6]. More recently, multimode optical

potential to  discriminate physical
fibers with a noncircular cross section have shown
great relevance in the research field of wave chaos
[7, 8]. Theoretical and experimental studies of
double-clad fiber amplifiers have been presented.
The chaotic propagation on the inner cladding with a
noncircular cross section is used to improve the
pumping process [9, 10]. D-shape optical fibers are
multimode chaotic fiber structures with distinct and

attractive features that could be suitable for sensing
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applications.

In this work, multimodal interference using a
multimode silica fiber with a D-shaped cross section
is proposed. An interferometer is obtained by
splicing the multimode D-shape chaotic fiber in
between two single mode fibers and interrogated in
transmission. The spectral response presents
multiple interference loss peaks that are sensitive to
multiparameters. The interferometer is characterized

to refractive index, temperature and strain.

2. Experimental results

To perform the experiment, the sensing head
structure shown in Fig. 1(a) was implemented. It
consisted of a step-index multimode D-shape fiber
section spliced in between two SMF-28 singlemode
fibers and interrogated in transmission. In this
approach, a supercontinuum broadband source with
a bandwidth of 500 nm and an optical spectrum
analyzer as the interrogation unit were used. The
detail of the D-shape fiber being illuminated by the
optical source is also depicted in Fig. 1(a).

The multimode D-shape fiber is made of pure
silica, with a refractive index of 1.4435, and has an
estimated diameter d of 195 um and a length L of
9cm. Figure 1(b) shows the cross section of the fiber
used where one can observe the asymmetry of the
structure. It has been proven for a multimode optical
fiber with a noncircular cross section that the
chaotic [11].
Therefore, the interference spectrum of the proposed

transverse motion of rays was

sensing structure would be the result of multiple
wave interference (between a large number of
different modes) as it is observed in Fig. 2. The
spectral response showed multiple interference loss
peaks originated by the spatial chaotic behavior of
the D-shape fiber which, in principle, would be
sensitive to different physical parameters, viz.
refractive index (RI), temperature, and strain.

To study the behavior of the sensing head
structure to RI variations, three consecutive loss
peaks were used — Ay, 4, and A; — centered at
1456 nm, 1473 nm and 1492 nm, respectively. The

characterization was performed by placing the
sensing structure in contact with liquids with the
distinct RI in the range of 1.33 to 1.38. The
wavelength variation with the RI of the surrounding
liquid is shown in Fig.3.

(b)

Fig. 1 Sensing head configuration: (a) schematic of the

sensing head structure and detail of the D-shape fiber
illuminated by the supercontinuum broadband source and
(b) cross section of the D-shape fiber with observed asymmetry

of the structure.
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Fig. 2 Refractive index response of the sensing head for the

loss bands centered at A, 4, and 4.
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Fig.3 Refractive index response of the sensing head for the
loss bands centered at 4, 1, and 4.

The D-shape fiber is wavelength dependent on
RI changes to the surrounding medium. For the RI
range studied, linear responses could be achieved
with sensitivities of (83.2 =+ 7.5) nm/RIU,
(95.2 £ 6.1)nm/RIU and (89.9 + 8.5)nm/RIU for 4,,
Az and 43, respectively.

The behavior of the sensing head structure to
temperature  and  strain  was  accordingly
characterized, and in this case, three consecutive
loss peaks were used, — 4, 4, and A3, — centered at
1504nm, 1516nm and 1527 nm, respectively.

The response of the sensing head to temperature
variations was attained, as shown in Fig. 4. The
structure was placed in a tube furnace and submitted
to increasing values of temperature in the range of
0 to 350 C, with 50 ‘C-step. The loss peaks had
similar and linear responses to temperature
variations, as shown in Fig. 4, with sensitivity
coefficients of (10.5+0.6) pm/‘C, (10.3+0.4) pm/°‘C
and (9.6+0.4)pm/°C for A, 4, and A3, respectively.
This was somewhat expected, since the temperature
variation did not change the launching conditions
between the single mode fiber and the step-index
multimode D-shape fiber. The observed behavior of
the sensing head to temperature arised mainly from
the optical path length variation as a consequence of
the D-shape fiber thermal expansion; a slight
decrease in sensitivities came from the D-shape fiber

refractive index dependence on the wavelength (due

to the silica thermo-optic effect) [12].
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Fig. 4 Temperature response of the sensing head for the loss

bands centered at 4, 1, and /5.
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Fig.5 Strain response of the sensing head for the loss bands
centered at 4;, A, and 4;.

The sensing structure was also characterized in
terms of strain. The input and output fibers were
accordingly fixed at two points that were 330 mm
apart and submitted to specific strain values by
using a translation stage (via sequential 50-pum
displacements). The results are made available in
Fig.5. The resonances had linear responses to strain
with different sensitivities:
(-1.02 £ 0.04) pm/pe, (-3.51 = 0.01) pm/pe and
(-0.82 £ 0.01)pm/pe, for 4y, 4, and 15, respectively.
In this case, the fiber dimension decreased with

variations,

increasing tensile stress thus changing the launching
conditions between the single mode fiber and the
step-index multimode D-shape fiber. Therefore, the
Poisson coefficient was the dominant factor for the

spectral deviation from shorter wavelengths. The
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different sensitivities resulted from the lack of
symmetry of the D-shape fiber, and the refractive
index change due to the variation of the fiber
dimension was strongly wavelength dependent.

The sensitivity coefficients obtained for the
refractive index, temperature, and strain applied to
indicated the

feasibility to perform simultaneous measurement of

the proposed sensing structure
these measurands by pairs [(temperature, refractive

index) and (temperature, strain)].

3. Conclusions

An interferometer based on a D-shape chaotic
optical fiber for measurement of multiparameters,
was demonstrated. The sensing structure relied on a
D-shape fiber section spliced in between two single
mode fibers and interrogated in transmission. The
optical spectrum presented multiple interference loss
peaks as the result of multiple wave interference
between a large number of different modes, which
proved to be wavelength-sensitive to the refractive
index, temperature and strain: maximum sensitivities
of 952 nm/RIU, 10.5 pm/’C and -3.51 pm/ue,
respectively, could be achieved. The attained results
made feasible the utilization of the proposed sensing
structure  for simultaneous measurement of
parameter pairs [(temperature, refractive index) or
(temperature, strain)].

Open Access This article is distributed under the terms
of the Creative Commons Attribution License which
permits any use, distribution, and reproduction in any
medium, provided the original author(s) and source are

credited.
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