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Abstract: A fiber based refractometer in a reflective interrogation scheme is investigated and
optimized. A thin gold film was deposited on the tip of a coreless fiber section, which is spliced
with a single mode fiber. The coreless fiber is a multimode waveguide, and the observed effects are
due to multimode interference. To investigate and optimize the structure, the multimode part of
the sensor is built with 3 different lengths: 58 mm, 29 mm and 17 mm. We use a broadband light
source ranging from 1475 nm to 1650 nm and we test the sensors with liquids of varying refractive
indices, from 1.333 to 1.438. Our results show that for a fixed wavelength, the sensor sensitivity is
independent of the multimode fiber length, but we observed a sensitivity increase of
approximately 0.7 nm/RIU for a one-nanometer increase in wavelength.

Keywords: optical fiber sensor; refractive index sensing; multimode interference

1. Introduction

The evolution of optical fiber technology brought great advances to the field of optical sensors
and now we can see industrial applications that make use of its major advantages compared to
electrical sensors, such as electromagnetic interference immunity, small size, higher sensitivity and
fast response.

The use of a single mode-multimode-single mode (SMS) structure for sensing purposes started
after the description of the self-imaging phenomenon by Soldano et al. [1] and it has been applied
since then as an alternative for traditional optical sensing methods due to the low cost, easy of
manufacturing of this device. The SMS sensor operation is based on multimode interference (MMI).
The multiple paths available for light in the SMS structure leads to interference pattern dependent
on the surroundings as temperature [2] and curvature [3]. Nonetheless, refractive index
measurements based on SMS structure stands up due to its high sensitivity performance [4] when
compared to long period gratings [5], Surface Plasmon Resonance [6], and Fabry Perot
Interferometry [7].

In this work, reflexives MMI fiber sensor were assembled and its performance analyzed to
optimize its sensitivity to index of refraction variation from 1.33 up to 1.42 within the 1475 nm to
1650 nm wavelength range. Although for a specific wavelength the sensor sensitivity is independent
of the multimode fiber length [3], the results shown a sensitivity increase of approximately 0.7
nm/RIU for one nanometer increase in wavelength.
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2. Materials and Methods

A thin gold film (100 nm of thickness) was deposited on the tip of the coreless fiber, which for
our purposes acts as a multimode fiber (MMF). The gold film serves as a mirror, and thus we have a
reflection based multimodal interference device. The beam of light will come from a broadband
source (Thorlabs S5FC1005S), through a circulator and then the SMF which is spliced with the MMF,
and will excite different modes inside the MMF. After the reflection and further propagation inside
de MMF we have light reentering the SMF and then being detected in an optical spectrum analyzer
(OSA), as shown in Figure 1. The reflective setup is easier to manipulate than a transmission setup,
not only because it is more difficult to break, but also because, when measuring the properties of a
fluid, one can simply dip it in the fluid, with no need to bend the sensor.
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Figure 1. Schematic diagram of the sensor and the interrogation setup.

We built 13 sensors with 3 different MMF lengths: 58 mm, 29 mm and 17 mm. The SMF had a
total diameter of 125 pm and a core diameter of 9 pm and the MMF was a coreless silica fiber
(Thorlabs FG125LA) with a diameter of 125 um and a refractive index of 1.44 at 1550 nm. We used

ethylene glycol solutions in water with refractive indices varying from 1.333 to 1.438, measured in an
ABBE refractometer.

3. Results and Discussion

The sensitivity of all the sensors was analyzed after their spectra were measured. As expected
from the literature [8], the sensitivity does not depend on the length of the MMF section. However it
is possible to see in Figure 2 that the spectrum of sensors with bigger MMF lengths are more
complex than the smaller ones, i.e., there are more options of peaks and valleys to be monitored.
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Figure 2. Spectra for sensors with MMF length of (a) 17 mm; (b) 29 mm and (c) 58 mm.

Although we have confirmed the independence of the sensitivity of the sensors from the MMF
length, it is important to analyze the magnitude of the wavelength shift of peaks and valleys
depending on their starting wavelength for pure water (1.33 RIU). Figure 3 shows the result of this
investigation for sensors with MMF length of 58 mm. It is possible to see an increasing sensitivity for
peaks in larger wavelengths.



Proceedings 2018, 2, 1107 3o0f4

25| |Valley / Peak at:
- .= 1501 nm
=2 =1578 nm

209 —e—35.=1613 nm

% Shift (nm)

1.34 ‘I.I35 1.1':1-3 1.:10 142
Refractive Index (RIU)

Figure 3. Wavelength shift for 3 different peaks/valleys in the spectrum of sensors with MMF length

of 58 mm. The starting wavelength of each peak/valley (using water as external medium) is shown in

the inset and serves as labels to the curves. The shift is measured using these wavelengths as
reference.

A more complete study of this effect is shown in Figure 4. For all the sensors, each valley/peak
response was monitored and their sensitivity to changes in external refractive index was measured.
They were then divided in 5 spectral bands of 20 nm each, according to their values of wavelength
with water as external medium. With this analysis it becomes apparent an increase of the sensitivity
for the upper bands, leading us to conclude that there is a larger sensitivity for larger wavelengths.
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Figure 4. SMS sensor sensitivity changes regarding the wavelength of the peak/valley monitored.

4. Conclusions

Our investigation showed an increase in the sensitivity of 0.7 nm/RIU for a one-nanometer
increase in wavelength of the peak/valley observed. The length of the MMF section indeed does not
influence the sensitivity, but it changes the overall shape of the spectrum, offering peaks and valleys
in different regions of the spectrum to be analyzed. With this information we can try to build an
optimized sensor and achieve the best sensitivity for this kind of setup.
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