L2 2 S W QU 115. Annual Meeting of the DGa0, 10.—14. June 2014, Karl
it O ¢ 4

XY (cee

S &bg(

w Y~ O

JUVVL A'Aﬁp

%220 )2~~~ INSTITUTE of

sruhe Institute of Technology, Germany

27133333 proronc - MICro-sensor systems

22233333+« TECHNOLOGY

1 Jorg Bierlich, Jens Kobelke, Katrin Wondraczek, Martin Becker, Sonja Unger, Kay Schuster

33— Optical glass fiber tips for photonic

INESCT?@}

ANOLOGY & SCIENCE

ASSOCIATE LABORATORY
PORTUGAL

I p h t J e n a ¢ Marta S. Ferreira, Ricardo Andre, Jodo P. Moura, José L. Santos, Orlando Frazao
tiember of the 1L eibniz Institute of Photonic Technology ¢ Institute for Systems and
’ & Albert-Einstein-5tr. 9 Computer Engineering
07745 Jena, Germany Rua do Campo Alegre, 687
Lét Bz Resoneiaikian +49 (0) 3641 - 206-260 4169-007 Porto, Portugal
joerg.bierlich@ipht-jena.de www.inescporto.pt
(1 )
Introduction
. 4

The application potential of sub-structured fiber tips in optical sensor technology and photonic
microsystems Is high. The miniaturization of sensor systems and the technical implementation
using optical fibers allow novel sensor designs with improved properties and extended
functionality. The post-processing of specifically doped or undoped silica fibers by chemical
etching or focused ion beam etching (FIB) are promising methods in order to form complex
photonic microstructures at the end or on the inside of glass fibers in the form of tips or
cavities. The profiling of fiber tips was achieved through different etching rates that depend on

the type of treatment and the doping characteristic of the fiber. Based on etch-structured
microcavities with embedded fiber tips high-sensitivity Fabry-Perot temperature sensors were
prepared and subjected to temperature variations both in air and water. An ultra-high sensitive
strain sensor is proposed, too. The sensing head, based on the post-processing of a fiber Bragg
grating, Is used to perform passive strain measurements. Both wavelength and full width half
maximum dependences with the applied strain. Furthermore, a novel fluid sensor concept
consisting of a 5-hole microstructured fiber, FIB-inscribed with microfluidic canals is introduced.
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A tip temperature sensor based on a Fabry-Péerot (FP) microcavity was developed by HF-etching
of a double-clad fiber. The fiber presented an inner cladding composed by phosphorous-doped
silica, which showed a higher refractive index than the pure silica core. During etching the inner

cladding was removed and the fiber started to quide light in the suspended silica core, until it
reaches a diaphragm. A FP-microcavity was formed and the sensing head showed a linear
temperature response both in air and water over a wide range of temperature.

Highly sensitive strain sensors based on etch-processed fiber Bragg gratings (FBGs) were
prepared [4]. A 3 mm long FBG was written in a photosensitive fiber and spliced to a single
mode fiber (SMF). The FBG fiber section was etched in 40% HF (I) to form a tip-shaped sensor
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head. In strain measurements both a linear Bragg peak broadening (FWHM) and wavelength
shift with high sensitivity were observed. Depending on temperature only the Bragg
wavelength shifted = simultaneous strain and temperature measurements are possible.
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The proposed in-line fluid sensor consists of a post-processed 5-hole microstructured fiber
[MOF) segment, fusion-spliced to single-mode fibers (SMFs). A macrostructured preform was
stacked by arranging of glass rods and capillaries in a jacket tube and drawn to the 5-hole
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2 steps FIB process: 1.) outer canal milling with fiber-FIB parallel Intact microfluidic canals
alignment; 2.) inner wall milling with small fiber-FIB angle. after SMF-MOF splicing.

fiber. To allow the flow of liquids through the hole-structure microfluidic connection canals
were created using the focused ion beam etching (FIB). Filling experiments with liquids were
successful — in future work, the capability of the sensing head for fluid sensing will investigate.
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