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Interplay between the viscous flow and intermolecular forces to
integrate complex functionalities within unconventional substrates

- Multi-material nanostructured 2D and 3D coatings
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= Professor Kao received the Nobel Prize in Physics in 2009 for the development of optical fibers

Glasses have low optical losses AND can be processed efficiently into fibers

From optical fibres....

* Optical transport

« Sensing and monitoring

.... to a unique materials processing
opportunity

« Simple, scalable, low-cost

* Unique micro-structures

 Distributed functionality

Thermal drawing process * Flexibility :
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e Photonic devices require an index contrast
Different materials with different optical and
Langmuir 27, 5680 2011 thermo-mechanical properties

l

Effects of surface tension

(the process generates surface area)

A rich material process

Extremely fine structures over extended
flexible lengths

Nature 420, 650 (2002)
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Multi-material Fiber paradigm VAP

Engineering novel 1D nanostructured devices

Conventional fibers

-1 m long, 300 mm in
diameter preform pulled into
tens-of-kilometer long fiber

- Such fiber would cover 10
to 100 square meters !!

Single material
Simple geometry
Large feature sizes

Materials Structure Length scale

N — Manufacturing on the preform level

Heat and draw down

—> Extended length of

functional fibers
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Bayindir, Sorin et. al. Nature 431, 826 (2004)

Adv. Optical Materials 1, 971 (2013)
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HIGH-Tg TERMOPLASTICS

= Electrical Insulators

=PES, PEI

= Amorphous thermoplastics

=Glass transition temperature: 150-240 °C
= Refractive index @1.5 microns: 1.6

= Availability: Thin films (8-150 microns)

= Amorphous semiconductors (p-type)
= Glass transition temperature: 160-210
°C

= Refractive index @1.5 microns: 2.4-3.4
= High electrical conductivity

= CTE for As2Se3: 25%107-6/C

= Photoconductivity

Tableau périodique des éléinents

+t quel

T

L
M
L
888
5 15y
i Ry

= Metals

= Crystalline Materials

= Melting Temperature: 140-232 °C
= T, has to be lower than the drawing
temperature

= Good wetting of glass and polymer
= Use of Flux to prevent oxidization
= Low viscosity at drawing
Temperature
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The thermal drawing process inherently generates surface area! .

M. Bayindir, F. Sorin, et al Nature 431, 826 (2004)
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We have already made a photoconductor

I-V Curve

R L | =0=Dark
05k @ Under illumination

Current (nA)

Voltage (V)

Extremely large area flexible optoelectronic devices

Can we integrate increasingly complex and innovative device structures ?

M. Bayindir, F. Sorin, et al Nature 431, 826 (2004)
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THIN-FILM FIBER DEVICES

A change of architecture can lead to significant improvement in performance

SENSITIVITY vs PENETRATION DEPTH
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F. Sorin et al, Advanced Materials, 19(22) pp. 3872-3877(2007)
F. Sorin et al, NanoLetters 9 (7), pp.2631-2635 (2009).
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Distributed heat sensing for safety monitoring

OmniGuide CO, Laser Beam
Delivery System for non-invasive

surgery
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- We demonstrated surface emitting fiber lasers
- Using our multimaterial fiber platform, we could add liquid crystal filled channels

- Another example of integration of complex and different functionalities.

Laser
emission
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A. Stolyarov, et al, Nature Photonics, 6 229 (2012)
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Imaging the LC-filled microchannels
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A. Stolyarov, et al, Nature Photonics, 6 229 (2012)

nature s

Directional light based activation of
photosensitive compounds.
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PMMA Polysulfone
. Polycarbonate . Semiconductor
B Snzn metal B Conducting nanocomposite
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f

Advanced multi-material
optical and optoelectronic
fibers

Microstructured and micro-
textured fibers and fabrics
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THANK YOU
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