THE HONG KONG
POLYTECHNIC UNIVERSITY
HHEH T K& .

Speciality Optical Fibr“é
Fabrication Laboratory

Yo il S Al b 31 8 R =

o

High flexibility
® Multi-materials fabrication

Novel fibre sensing techniques

® Advanced fibre-processing facilities
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Silica and soft glass fibre draw tower

Objectives

SOFF Laboratory focuses on the fabrication and sensing
applications of the speciality optical fibres particularly
designed for industrial and medical monitoring. By
making full use of the fibre draw towers at PolyU, different
kinds of microstructured optical fibres as well as multicore
filores are fabricated. Those specially designed fibres are
developed into FBG or interferometric sensors for
measuring pressure, acceleration, miniature force, shape
sensing, etc. These sensors have been demonstrating
impressive performances in measuring pressure and flow
rate in the oil industry, monitoring acceleration in railway.
networks, and detecting miniature contact force in
medical implants.
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Part of the specialty optical fibers fabricated at Hong Kong PolyU

Fabrication

_— i i The fabrication of SOFs utilises the techniques of stack-and-draw,
L — : : rod-in-tube, drilling, extrusion, as well as standard preform draw. Our SOFs
fabricated include:
* Conventional single mode fibre (SMF)
* Conventional multimode fibre (MMF)
* Microstructured optical fibre (MOF)
* Photonic crystal fibre (PCF)
. * Thin clad single mode fibre (TC-SMF)
« Multicore fibre (MCF)
(b) Stack the structure (c) Draw the cane (d) Draw the fiber » Polymer optical fibre (POF)

* Active opfical fibres doped with Er, Yb, etc.
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process of fabricating microstructured optical fibres



193 nm laser FBG 248 nm laser FBG
fabrication system fabrication system

Programmable oven

Materials

The SOFs are designed and fabricated from different types of
materials, including silica glass, soft-glass, and polymers. The
drawing temperature of different materials varies from 100°C
to 2000°C, depending on the melting point of the particular
material. Fused glass is most stable and widely used to
fabricate SOFs with microstructures, while it is flexible to dope
other materials intfo polymers, e.g. nanoparticles, DPDS, and
dyes. Soft-glass includes As2S3 and As2Se3, while polymer
materials include PMMA, TOPAS, Zeonex, efc.

Applications
There are three typical sensing applications for our SOFs:

¢ Railway: structural health monitoring

* Escalators: monitoring of critical components, fatigue of
the steel ropes,
motors, etc.

* Oil & gas: pressure,
temperature and
flowrate monitoring

* Medical: vital signs
monitoring, surgical
implant sensing, shape

reconstruction, etc. Y Sering s

Vyfran glassprocessing

213 nm laser FBG
fabrication system

325 nm laser POF grating
fabrication system

Optical Circatator Train borne
5 Sensing System

Fujikura LZM-100
glass-processing workstation

Femtosecond laser FBG
fabrication system
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Force change with insertion depth

Slope: 0.045nm/kPa /| Responses of the developed pressure sensor N - ( —= FBG-3
R039362 based on homemade MOF Y s —— FBG-2
£ — FBG-1

] Slope: 0.047 nm/kPa »*
R2:0.99922

Slope: 0.050 nm/kPa =

R:099981 =¥ FBG sensors integrated in cochlear
e implant to measure contact force

Force (mN)

Wavelength shitt (nm)

Wavelength shift (nm)

30

0ot
0 200 400 600 800
Pressure (kPa)

y
T T T 1
1000 2000 3000 4000

Pressure (kPa) Insertion depth(mm)

—FBG-based accelerometer
—Filtered at 250 Hz

— Sl-based accelerometer
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— Piezoelectric accelerometer
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Acceleration measurement of different accelerometers installed on the railway

Multi-material/Multi-structure
Fiber
* Step-index structure
e Z * Microstructure
« Silica glass materials _ vy v e
« Polymer materials
« Chalcogenide glass Polymer optical fiber
* Step-index structure
“PMMA  *Microstructure
« Fluoride glass materials - FBG devices - Light sensing
ibers

+ Tellurite glass

* Semiconductor

materials SORAS

materials

Conventional SMF e

* Step-index structure
* ZEONEX « Silica glass material
* Metals+silica ~materials

« Silicon+silica

* Metals+silicon * PDMS

materials
« Incorporated

with Sn, In, Bi

- Typically used for optical comunication  sensing
«CYTOP" Limited configurations of sensing device
+ Eutectics of  materials - Physica i o 8 = Glucose
Au, Bi and Sn - Interfero evice sensing - Optofluidics
+ Hydrogel - FBG device
* Polymer+ materials
chalcogenide ! dicine - Diode fibers
+ Microstructured * Polyacrylamide (PAM) materials

optical fibers + Silk protein material

« Photonic crystal fibers

« Photonic bandgap hollow-core fibers
+ Anti-resonant hollow-core fibers

+ Bragg fibers
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