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Abstract: The development of multimaterial and multifunctional optical fibers is opening
exciting opportunities in photonic and optoelectronic devices, optical probes, diagnosis and
surgical tools, as well as advanced fibers and textiles. It also constitutes a rich platform for the
fundamental study of novel materials science and processing concepts, as well as in optics and
photonics. This Feature Issue is a collection of thirteen peer-reviewed articles that present
original work in areas at the frontier of this emerging scientific and technological field. These
contributions highlight the maturity of the techniques employed to date, their potential to
further develop and the prospects for a new generation of optical fiber based devices.

© 2017 Optical Society of America

OCIS codes: (160.2290) Fiber materials; (160.4670) Optical materials; (160.2750) Glass and other amorphous
materials; (160.3900) Metals; (160.4760) Optical properties; (160.4890) Organic materials; (160.5298) Photonic
crystals; (160.5335) Photosensitive materials; (160.5470) Polymers; (160.6000) Semiconductor materials.

References and links

1. A.F. Abouraddy, M. Bayindir, G. Benoit, S. D. Hart, K. Kuriki, N. Orf, O. Shapira, F. Sorin, B. Temelkuran,
and Y. Fink, “Towards multimaterial multifunctional fibres that see, hear, sense and communicate,” Nat. Mater.
6(5), 336-347 (2007).

2. M. A. Schmidt, A. Argyros, and F. Sorin, “Hybrid optical fibers — an innovative platform for in-fiber photonic
devices,” Adv. Optical Mater. 4(1), 13-36 (2016).

3. B. Temelkuran, S. D. Hart, G. Benoit, J. D. Joannopoulos, and Y. Fink, “Wavelength scalable optical fibers for
CO; laser transmission,” Nature 420, 650-653 (2002).

4. ].Ballato, T. Hawkins, P. Foy, R. Stolen, B. Kokuoz, M. Ellison, C. McMillen, J. Reppert, A. M. Rao, M. Daw,
S. R. Sharma, R. Shori, O. Stafsudd, R. R. Rice, and D. R. Powers, “Silicon optical fiber,” Opt. Express 16(23),
18675-18683 (2008).

5. C.Hou, X. Jia, L. Wei, S. C. Tan, X. Zhao, J. D. Joannopoulos, and Y. Fink, “Crystalline silicon core fibres from
aluminium core preforms,” Nat. Commun. 6, 6248 (2015).

6. C. Strutynski, F. Desevedavy, A. Lemiére, J.-C. Jules, G. Gadret, T. Cardinal, F. Smektala, and S. Danto,
“Tellurite-based core-clad dual-electrodes composite fibers,” Opt. Mater. Express 7(5), 1503—-1508 (2017).

7. Q. Guo, X. Sun, W. Luo, J. Wen, F. Pang, C. Mou, G. Peng, and T. Wang, “Scintillation and photoluminescence
property of SiO, cladding YAP:Ce optical fiber via modified rod-in-tube method,” Opt. Mater. Express 7(5),
1525-1534 (2017).

8. K. V.Krishnaiah, Y. Ledemi, C. Genevois, E. Veron, X. Sauvage, S. Morency, E. S. de Lima Filho, G. Nemova,
M. Allix, Y. Messaddeq, and R. Kashyap, “Ytterbium-doped oxyfluoride nano-glass-ceramic fibers for laser
cooling,” Opt. Mater. Express (in press) (2017).

9. J.Flannery, G. Bappi, V. Bhaskara, O. Alshehri, and M. Bajcsy, “Implementing Bragg mirrors in a hollow-core
photonic-crystal fiber,” Opt. Mater. Express 7(4), 1198-1210 (2017).

#295337 https://doi.org/10.1364/OME.7.001906
Journal © 2017 Received 4 May 2017; published 17 May 2017



Vol. 7, No. 6 | 1 Jun 2017 | OPTICAL MATERIALS EXPRESS 1907
T

I o

10. M. Fokine, A. Theodosiou, S. Song, T. Hawkins, J. Ballato, K. Kalli, and U. J. Gibson, “Laser structuring, stress
modification and Bragg grating inscription in silicon-core glass fibers,” Opt. Mater. Express 7(5), 1589-1597
(2017).

11. L. Yu, H. Xuan, Y. Guo, A. L. Chin, R. Tong, G. Pickrell, A. Wang, and X. Jia, “Porous polymer optical fiber
fabrication and potential biomedical application,” Opt. Mater. Express 7(6), 1813—1819 (2017).

12. W. Yan, T. Nguyen-Dang, C. Cayron, T. Das Gupta, A. G. Page, Y. Qu, and F. Sorin, “Microstructure tailoring
of selenium-core multimaterial optoelectronic fibers,” Opt. Mater. Express 7(4), 1388—1397 (2017).

13. Y. Franz, A. F.J. Runge, and H. Ren, “Material properties of tapered crystalline silicon core fibers,” Opt. Mater.
Express (in press) (2017).

14. K. Sui, X. Feng, Y. Hou, Q. Zhang, S. Qi, Y. Wang, and P. Wang, “Glass-clad semiconductor germanium fiber
for high-speed photodetecting applications,” Opt. Mater. Express 7(4), 1211-1219 (2017).

15. A. L. Khalaf, F. S. Mohamad, N. A. Rahman, H. N. Lim, S. Paiman, N. A. Yusof, M. A. Mahdi, and M. H.
Yaacob, “Room temperature ammonia sensor using side-polished optical fiber coated with graphene/polyaniline
nanocomposite,” Opt. Mater. Express 7(6), 1858-1870 (2017).

16. R.F. Ando, A. Tuniz, J. Kobelke, and M. A. Schmidt, “Analysis of nanogap-induced spectral blueshifts of
plasmons on fiber-integrated gold, silver and copper nanowires,” Opt. Mater. Express 7(5), 1486—1495 (2017).

17. F. Scurti, J. Mcgarrahan, and J. Schwartz, “Effects of metallic coatings on the thermal sensitivity of optical fiber
sensors at cryogenic temperatures,” Opt. Mater. Express 7(6), 1754-1766 (2017).

18. S. Lohr, “U.S. Textile Industry Turns to Tech as Gateway to Revival,” The New York Times, April 1 (2016).

19. Y. Fink, “Towards a Moore’s law for fibers,” Opt. Mater. Express (in press) (2017).

1. Introduction

Optical fibers have shown their great potential for use in wide-ranging applications including
telecom to high power lasers, from lighting to structural health monitoring. They have
revolutionized the way we communicate, process materials, sense, treat diseases and entertain.
For decades optical fibers have largely been fabricated from a single class of materials, either
inorganic glass (dominantly silica) or polymer, and a second material used to be included
within the fabrication process but most of the times for protection purposes (e.g., polymide
coating).

However, the last decade or so has witnessed pioneering efforts to combine highly
dissimilar materials into a single optical fiber. Polymers, inorganic glasses, metals,
semiconductors have all been explored in various combinations resulting in unprecedented
properties and functionalities, thus paving the way to a new world of applications [1,2]. The
impulse towards integrating different materials into a single optical fiber initially came from
the need to mitigate the current limitations of conventional optical fibers; particularly at
longer wavelengths. For example, the need to efficiently guide high power CO, laser beam at
a wavelength of 10.6 um led to the development of hollow polymer-glass optical fibers acting
as Bragg reflector [3]. In another example, the desire for more highly nonlinear optical fibers
led to the development of glass-clad crystalline semiconductor core fibers [4]. Recently the
synthesis of new materials by thermally drawing optical fiber preforms has opened very
interesting prospects for the onsite fabrication of exotic multimaterial fibers [5]. Continued
efforts in these directions have led to advanced optoelectronic fiber configurations, multi-
functional fibers as probes in bioengineering, and the ability to fabricate nano-scale objects at
large scale [1,2].

This issue gathers thirteen original papers that represent the different research frontiers in
this field. Novel material combinations are explored: Strutynski et al. from University of
Bordeaux and University of Bourgogne, in France, developed a dual core tellurite optical fiber
which is designed for future experiments involving hybrid optic/electric nonlinear effects [6].
In another research work, Guo et al. from Shangai University (China) studied the combination
of YAP:Ce crystal and SiO, glass cladding to form a fiber for remote radiative environment
monitoring and radiotherapy [7]. K. Krishnaiah et al. show the fabrication of Ytterbium based
fibers for laser cooling via thermal drawing and via a crucible “direct melt” technique [8].

Novel processing including post-drawing schemes are studied. Selective injection of
photopolymer materials inside a hollow core photonic crystal fiber for Bragg grating
fabrication is numerically simulated by Flannery et al. at University of Waterloo (Canada) [9].
Novel effects induced by fs laser irradiation leading to Bragg grating formation on silicon
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core multimaterial fibers are demonstrated by Fokine et al. in collaboration between KTH
(Sweden) and Clemson University (USA) [10]. Drug delivery using porous polymers fibers is
possible by controlling water content, following a procedure described by Yu et al. at Virginia
Tech (USA) [11]. Post drawing treatments are explored by Yan et al. from EPFL
(Switzerland) on hybrid semiconductor-polymer fibers, paving the way towards high
efficiency optoelectronic polymer fiber devices [12]. Tapering is carried out by Franz et al.
from the group led by Clemson University (USA) on crystalline silicon optical fibers to
improve the optical properties of the core material [13].

Novel applications are explored, by combining different materials. Using a
germanium/borosilicate fiber, K. Sui et al. at Bejing University of Technology demonstrated
high-speed response to a modulated 1.55 pum laser irradiation [14]. Gas sensing is
demonstrated by Khalaf et al. from the group led by the University Putra Malaysia on plastic
optical fiber coated with graphene/polyaniline composite [15]. Analysis of nanogap induced
spectral blue shifts using metalnanowire embedded in silica optical fibers is carried out by
Fatobene Ando et al. from IPHT and FSU Jena (Germany), which opens prospects for
polarizers and directional couplers [16]. F. Scurti et al. show how fibers with metallic coatings
can be used as sensors at cryogenic temperatures [17].

Finally, a step forward from the proof-of-concept toward the development of products has
been initiated by the formation of AFFOA, a multi-hundred-million (USD) Institute aimed at
transforming fabrics into high tech systems [18]. It represents a highly leveraged, government
/ university / industry partnership focused on the translation of these new technologies and
prototypes towards commercial products. Prof. Fink, who is the initiator and now CEO of the
AFFOA project, is giving an exciting perspective for the field in an invited paper, beyond just
the use of fibers in the traditional Optics and Optoelectronics fields [19].

In conclusion, the Issue Editors wish to thank all the contributors for providing very
interesting manuscripts. We also would like to acknowledge the Optical Society of America
for supporting this effort, particularly the editorial boards and staffs for their great help in
putting together this issue.





