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ABSTRACT

A triangular nanowire is fabricated by tapering a suspended-core fiber and reducing the core size below one micrometer.
The triangular nanowire has a high birefringence with an order of magnitude of 10~ and when introduced in a fiber loop
mirror presents a sinusoidal interference pattern generated by the fast and slow modes of the nanowire. The suspended
nanowires were characterized in temperature and strain and enhanced sensitivities were found for both parameters when
compared with untapered structures.
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1. INTRODUCTION

Fiber loop mirror (FLMs) are often used in optical communication and sensing applications [1]. These types of devices
are very easy to fabricate and are comprised of a splice between the output ports of an 3 dB optical fiber coupler. In this
embodiment, two waves propagate within the fiber loop in opposite directions, but along the same optical path and
constructive interference occurs when the waves recombine in the fiber coupler. Thus all of the light is reflected back to
the first input port with reflectivity only limited by the losses in the fiber and of the splices, as well as the coupler. With
this property they can be used as high reflectivity mirrors forming a resonant cavity in fiber lasers [2]. The FLM
becomes much more interesting when a section of high birefringence fiber is introduced into the fiber loop, becoming a
high birefringence fiber loop mirror (HiBi FLM). Independence of input polarization and independence of the spectral
response periodicity on the total length of the loop are just the main advantages of these filters [3]. In sensing
applications, the HiBi FLMs have been employed for the measurement of strain [4], temperature [5], and the level of
liquids [6]. More recently, new FLM-based configurations have been employed for the simultaneous measurement of
strain and temperature. Most combine two sensing structures to eliminate temperature cross-sensitivity such as a HiBi
fiber with a long period grating [7] or a fiber Bragg grating [8], two different types of HiBi fiber [9] or even two
concatenated HiBi FLM [10]. A FLM containing just one sensing structure: section of HiBi PCF has also been
demonstrated for temperature independent strain sensing [11].

In this work, a tapered HiBi suspended-core fiber with a triangular core is characterized in a fiber loop mirror
configuration. A two wave interferometer is obtained for the 810 nm triangular core where only the fast and slow modes
persist effectively eliminating the intermodal interference. An increase in temperature and strain sensitivities is achieved
due to the properties created by the fabrication of the taper.
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2 FABRICATION AND CHARACTERIZATION

Figure 1 illustrates the experimental setup used in this work. It consists of an optical broadband source, a fiber loop
mirror (FLM), and an optical spectrum analyzer (OSA) with a maximum resolution of 0.01 nm. The optical source is an
erbium-doped broadband source, with a central wavelength of 1550 nm and a spectral bandwidth of 100 nm. The FLM is
formed by a 3dB (2x2) optical coupler with low insertion loss, a section of suspended core fiber with approximately 50
mm in length, and an optical polarization controller. The suspended-core fiber used has an external diameter of 125.6 pum
and a core diameter of 2.1 um. The fiber has three holes that confer the core a triangular shape with high asymmetry and
consequently a high birefringence.

On the suspended-core fiber section, tapers with several taper waists were fabricated using a VYTRAN GPX-3000. The
VYTRAN (GPX-3000 series) is a glass processing platform that basically heats the fiber to its softening point while
applying a tensile force, thus creating a taper.
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Figure 1 — Fiber loop mirror configuration including a Broadband Optical Source, an Optical Spectrum Analyzer (OSA), a
3dB coupler, a polarization controller, and a section of suspended-core fiber (also depicted on the right).

In Figure 2, the spectral responses of the FLM with untapered and tapered SCF are shown. In the untapered case — 2.1
um-wire, (Figure 2a) two interferometers are clearly present: one that results from intermodal interference that presents
short-period fringes and one that results from the core’s high birefringence that presents long-period fringes. In the
tapered case — 810 nm-nanowire, the intermodal interference is significantly reduced and the intermodal fringe visibility
is almost completely eliminated. Thus, a spectrum with only the large-period fringes that result from the high

birefringence is obtained. At a nanocore of 810 nm, only two modes seem to exist and the sinusoidal response confirms
this.
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Figure 2 — Spectral responses of the fiber loop mirrors containing: a) a section of untapered SCF; and b) a section of SCF
with a 50 um-taper.
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3 RESULTS AND DISCUSSION

For strain characterization, each sensing head was placed on micrometric translation stages and subjected to controlled
stretching. A total length of 0.5 m was subjected to strain. To determine the wavelength variations, the wavelength
change of the main peaks was monitored through an optical spectrum analyzer with a maximum resolution of 0.01 nm
(see Figure 3a). Figure 3b shows an increase in strain sensitivity as the taper waist diameter is decreased. A maximum
strain sensitivity of -2.41 pm/pe was obtained for the 50 um taper (810 nm-core). This results in an increase of 236%
relative to the sensitivity of the untapered fiber (-0.718 pm/pe).
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Figure 3 — Strain characterization: a) Wavelength shift with applied strain for untapered and tapered suspended-core fiber
(50 um-waist); b) Strain sensitivity as a function of taper waist diameter.

The sensing heads were characterized with respect to temperature variations in the range 35 °C to 85 °C. In Figure 4 the
wavelength shift of the group birefringence fringe pattern is analyzed as a function of the temperature variation for the
untapered 2.1 um-core (125 pm untapered suspended-core fiber) and the 810 nm-core (50 um taper). An increase in
sensitivity from -2.1 pnm/K (2.1 um-core) to -56.2 pm/K (810 nm-core) was registered.
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Figure 4 — Temperature characterization: Wavelength shift with temperature variation for untapered and tapered suspended-
core fiber (50 um-waist).
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4 CONCLUSIONS

Tapers of several waist diameters were produced on three-hole suspended-core fiber with an original core diameter of 2.1
pm. As the core diameter is reduced, the number of guided modes is consequently reduced, and as seen in the spectral
responses, the intermodal interference visibility is reduced. At 810 nm, only two modes seem to propagate in the
nanowire and the interference pattern is reduced to a two-wave interferometer. Strain sensitivity increases with taper
waist reduction. A sensitivity of -2.41 pm/ue was obtained for the taper with a core of 810 nm, 3.4 times larger than the
untapered fiber's sensitivity. As for temperature, a very high sensitivity of -56.2 pn/K for the same taper was obtained,
as opposed to the low sensitivity of -2.1 pm/K for the untapered case. This is because at lower core diameters
temperature increase will induce a larger change in birefringence since the modes are less confined and the contribution
of the air’s thermo-optic coefficient is higher.
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