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ABSTRACT

A new type of polymer and silica connection is proposed. A tapered SMF-28 silica optical fiber tip is fabricated using a
CO; laser by focusing and stretching the fiber. The tapered silica tip is inserted in one of the holes of a microstructured
polymer optical fiber using a 3D alignment system. Using a supercontinuum source, the spectrum is observed after one
and after two connections. The polymer fiber is characterized in curvature while using the previous connection.

Keywords: Microstructured polymer optical fiber, silica fiber taper, polymer to silica fiber connections, curvature
sensor.

1. INTRODUCTION

Polymer optical fibers (POFs) have shown interesting results in the field of optical sensors*. The elastic properties of
these fibers® allow different applications where standard silica fibers cannot be applied.

To work with POF different methods are required. Commercial cutting machines do not cut the fiber properly and
regular connections such as splicing and commercial connectors do not work. Instead, the use of a hot blade? to cut the
fiber is required and precise manual alignment is needed to couple the light into and out of the POF. This alignment is
performed by using a 3D translation platform and matching gel® or by focusing the light using lenses’. Microstructured
polymer optical fibers (MPOFs) not always have their core centered, increasing the difficulty of the alignment.

Silica fiber tapers can be obtained by decreasing the diameter of a standard silica fiber and they can either be in-line
tapers or tapered tips. Methods of fabrication include stretching and heating the fiber using, for example, a focused CO;
laser®, or etching®12.

In this work, a connection between an MPOF and tapered silica fiber is presented, including a curvature test to determine
the viability of this connection for characterizing sensors.

2. EXPERIMENT
2.1 Tapered tips

The MPOF used in this experiment had their core surrounded by a hexagonal shaped array of holes (Figure 1). The
MPOF was fabricated in Maria Curie Sklodowska University. The diameter of the holes was of the order of a few
micrometers. In order to fit a silica fiber into the holes of an MPOF, the diameter of the fiber had to be decreased.

By creating a taper, it is possible to obtain a tapered tip. Most tips were made using a CO laser technique (Figure 2), but
some made by etching® 2 were tested as well. A CO; laser was focused on the silica fiber while the fiber was being
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stretched with programmed moving platforms. The process decreased the diameter of the fiber forming a taper and
eventually breaking it, creating a tapered tip.

Figure 1. Electron microscope picture of an MPOF-.
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Figure 2. a) CO2 laser focused on the fiber while the fiber is being stretched, b) Taper starts to form, c) Tapered tip.
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2.2 Connections

Figure 3 presents the connection process. Splicing machines were used to make the connections, their electrodes were
removed to avoid evaporating the MPOF with an electric arc. With a very rough aim at the middle of the fiber, the
tapered tip was inserted into the MPOF creating the connection.

The test included a single connection (Figure 4 a)) and double connections (Figure 4 b)), where the first was from silica
to polymer fiber and the second from polymer to silica fiber. The first tests were made using a He-Ne laser as a light
source and both tests had light output (Figure 5).
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Figure 4. a) Silica to polymer fiber connection, b) Polymer to silica connection.
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Figure 5. a) Microscope image of the MPOF output after one connection and b) after two connections using a He-Ne
laser as a light source, and their respective setups.

The light source was then changed to a supercontinuum to obtain the spectral behavior of the connections. The spectra of
the setups were acquired using an Optical Spectrum Analyzer (OSA) (Figure 6). The MPOF was connected to the OSA
with a commercial connector that allowed enough precision to insert light into the OSA.

In Figure 7, it is shown the face of the fiber before and after a connection is made. The tapered tip pierces several holes
and allows light to be transmitted from one fiber to the other without aiming into the core.
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Figure 6. a) Spectra after one connection and b) after two connections using a supercontinuum as light source and
monitoring the transmission signal with an OSA.
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Figure 7. a) Face of the MPOF before the connection, b) Face of the MPOF after the connection.

3. CURVATURE SENSOR

Using a single connection, a curvature test was made in the polymer fiber. Figure 8 presents the setup used in the
characterization. A knot was made with a diameter d and the spectra were acquired using an OSA.

Supercontinuum
(sC)

Figure 8. Experimental setup for curvature characterization.
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Figure 9. a) Spectra variation with the decreasing diameter of the knot (the signal drops with the decreasing diameter),
b) Peak power variation with curvature.
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Figure 9 a) presents the spectra centered in 950 nm. The power of the transmitted signal drops as the diameter decreases.
By tracking the power of the maximum, the sensor was characterized in curvature proving that the connection allows for
sensor characterization.

4. CONCLUSION AND FUTURE WORK

In this experiment, a new fiber connection is shown. The insertion of a tapered silica fiber tip into the holes of an MPOF
allowed light transmission from one fiber to another without the need of a very precise alignment. This connection
proved to work in both directions. A curvature characterization of the polymer fiber was made using a single fiber
connection, showing that the connection allows sensor characterization.

Future work can be done to improve the losses of the connection. A study on the geometry of the tapered tip might lead
to better results. Also, the connection itself can be study as a possible sensor.

ACKNOWLEDGMENTS

This work was supported by Project "CORAL — Sustainable Ocean Exploitation: Tools and Sensors, NORTE-01-0145-
FEDER-000036, financed by the North Portugal Regional Operational Programme (NORTE 2020), under the
PORTUGAL 2020 Partnership Agreement, and through the European Regional Development Fund (ERDF).

REFERENCES

[1] Chen, X. F., Zhang, C., Webb, D. J., Peng, G.-D.., Kalli, K., “Bragg grating in polymer optical fibre for strain,
bend and temperature sensing,” Meas. Sci. Technol. 21(9), 94005 (2010).

[2] Johnson, I. P., Webb, D. J.., Kalli, K., “Hydrostatic pressure sensing using a polymer optical fibre Bragg
gratings,” Asia Pacific Opt. Sensors Conf. 8351, 835106-835106-835107, International Society for Optics and
Photonics (2012).

[3] Ferreira, M. F. S., Statkiewicz-Barabach, G., Kowal, D., Mergo, P., Urbanczyk, W., Frazdo, O., “Fabry-Perot
cavity based on polymer FBG as refractive index sensor,” Opt. Commun. 394, 37-40, Elsevier B.V. (2017).

[4] Jensen, J., Hoiby, P., Emiliyanov, G., Bang, O., Pedersen, L.., Bjarklev, A., “Selective detection of antibodies in
microstructured polymer optical fibers.,” Opt. Express 13(15), 5883-5889 (2005).

[5] Yang, D. X,, Yu, J., Tao, X.., Tam, H., “Structural and mechanical properties of polymeric optical fiber,” Mater.
Sci. Eng. A 364(1-2), 256-259 (2004).

[6] Chen, X., Zhang, C., Webb, D. J., Kalli, K.., Peng, G. D., “Highly sensitive bend sensor based on bragg grating
in eccentric core polymer fiber,” IEEE Photonics Technol. Lett. 22(11), 850-852 (2010).

[7] Durana, G., Gémez, J., Aldabaldetreku, G., Zubia, J., Montero, A.., De Ocdriz, I. S., “Assessment of an LPG
mPOF for strain sensing,” IEEE Sens. J. 12(8), 2668-2673 (2012).

[8] Gomes, A. D.., Frazdo, O., “Mach-Zehnder Based on Large Knot Fiber Resonator for Refractive Index
Measurement,” IEEE Photonics Technol. Lett. 28(12), 1279-1281 (2016).

[9] Tao, M., Jin, Y., Gu, N.., Huang, L., “A method to control the fabrication of etched optical fiber probes with
nanometric tips,” J. Opt. 12(1), 15503 (2009).

[10]  Nikbakht, H., Latifi, H., Amini, T.., Chenari, Z., “Controlling cone angle of the tapered tip fiber using dynamic
etching,” 91574Q (2014).

[11]  Haber, L. H., Schaller, R. D., Johnson, J. C.., Saykally, R. J., “Shape control of near-field probes using dynamic
meniscus etching,” J. Microsc. 214(1), 27-35 (2004).

[12]  Barucci, A., Cosi, F., Giannetti, A., Pelli, S., Griffini, D., Insinna, M., Salvadori, S., Tiribilli, B.., Righini, G. C.,
“Optical fibre nanotips fabricated by a dynamic chemical etching for sensing applications,” J. Appl. Phys. 117(5)
(2015).

Proc. of SPIE Vol. 10453 104532W-6

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 12/12/2017 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



