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High temper ature perfor mance of an optical microfibre

coupler and its potential use as a sensor
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United Kingdom
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*Corresponding author: pw3y09@orc.soton.ac.uk

Abstract: The dependence of the transmission spectrum ofpdicab microfibre
coupler at high temperatures is investigated erpamtally. Results show a
temperature sensitivity up to 36.59 p@/at a taper waist outer diameter of @rf;
such a temperature-dependent performance canlizedtior temperature sensing up
to 1006C.
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In recent years, optical microfibres have attrad¢techendous interest for a range
of both filtering and sensing applications due he €normous progress that has
occurred in the fabrication of low-loss optical nomano wires, which allows for
efficient optical beam confinement and low-lossrescent waveguiding [1]. Optical
micro-devices fabricated from sub-wavelength fiboéfer several potential benefits
by comparison to conventional integrated micro-phat devices, such as low
insertion loss, inherent fibre compatibility, eadentegration, stability and flexibility.
These optical properties have been shown to bensalyeous for a wide range of
applications including high-sensitivity optical sens, nonlinear optics, atom trapping,
micro/nano-scale photonic devices and for evanésa®ipling to planar waveguides

or microcavities [1].

In a recent work [2], the authors have presentdataadband bi-conical 2x2
optical microfibre coupler made from conventionaletom singlemode fibres that
effectively suppresses any higher-order mode ptestetne input fibre and provides
efficient power splitting into the fundamental mode the two output ports. The



microfibre coupler has many potential applicatidios,example in high performance
fibre lasers, fibre sensors and optical cohereoc®graphy systems. In this letter, we
present an investigation of the high temperatupeddence of an optical microfibre
coupler with the objective determining if such aigler could be used as an accurate
temperature sensor for high temperature measurefrent 700°C to in excess of
1000C. It is well know that high temperature sensingail006C using optical fibre
based sensors is challenging, many fibre sensommomly used for lower
temperature sensing cannot be used at such higbetatares, for example FBGs
written in silica glass suffer grating erasure daling exposure to such high

temperatures. Compared with the conventional fiiken coupler based temperature

sensor, our device has a considerably smallersipeetral range, meaning that either

a smaller wavelength region has to be analyzed t¢ar@er intensity change is

observed in response to a smaller intensity chdnogddition, the smaller size of our

sample implies a better spatial resolution, orrafiBvely, the possibility to tune the

coupler properties with spatially minuscule temp@&@achanges.

In our experiment, low-loss microfibre couplers wemanufactured from
standard Corning SMF-28 singlemode fibres with #e of the well-established
single stage “flame-brushing” technique [3]. Thadaudinal profile of the conical
transition tapers was approximated by a decreasorgasing exponential function
and was achieved by reliable control of the hotezand precise movement of the
stages. The waist diameters of the fabricated rilceocouplers were circaganm, 2.5

um and 1.9um, respectively; the length of tapered uniform waigas 5 mm.

Intially, prior to investigating the temperatureachcteristics of the microfibre
couplers, it is useful to investigate modal integfece in microfibre couplers. For this
the output transmission spectra were measuredaioous diameters of the uniform
waist region using a supercontinuum source (Fianimmavelength coverage
450~1800 nm) in conjunction with an optical spettranalyzer (YOKOGAWA
AQ6370). Figure 1 shows the spectral outputs ofierafibre coupler made from a
standard SMF28 singlemode fibre for different ditereof the uniform waist region:
the significant modal interference induced by modepling between the lower-order
symmetric and anti-symmetric supermodes can berobdavhen the diameter of the

waist is decreased from 3 to Juth: both the period and strength of the sinusoidal



modulation in the transmission spectrum signifigadiecreased with a reduction in

the waist diameter.
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Fig. 1 (Color online) Spectral response of micndibouplers: Transmission spectra of output pats f
different microfibre diameters at (au®, (b) 2.5um and (c) 1.9um.

To examine its suitability as a sensor the highpemature (T) characteristics of
the microfibre coupler were tested by placing thefarm tapered region of the
microfibre coupler in a resistive heater. Figura)ZXhows the transmission spectra of
the microfibre coupler at T~70C, 865°C and 102%C, respectively. For increasing
T, the dip A redshifts from 1507.9 to 1516.5 nmjlesthe background loss decreases,
possibly because of changes induced by the thezrpnsion of the silica and the
thermo-optic effect. Figure 2(b) shows the expentak relationship between
temperature and the resonant wavelength shift. @kperimental temperature
sensitivities of microfibre couplers with a dianteté 3 pm, 2.5pum and 1.9um are
estimated as 25.91, 36.59 and 31.1°@nfespectively. The temperature sensitivity of
the microfibre coupler is about 3.6 times highemthhat of an FBG~L0 pm/°C) [4],
therefore this microfibre coupler temperature sersmuld be also used for high
temperature monitoring, without the risk of gratemgsure associated with silica glass
based FBGs
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Fig. 2. (Color online) (a) Spectral responses afrafibre coupler with an outer diameter ofi
(output port 1) vary with three different temperat) (b) Measured peak wavelength shifts versus the

temperature changes for microfibre couplers wiffedint microfibre outer diameters.

In conclusion, the high temperature dependenca aipéical microfibre coupler
has been investigated experimentally. Used asdbis lof a high temperature sensor,
the temperature measurement sensitivity can reacto 186.59 pnfC for a taper

region outer diameter of 2:6n.
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