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VISION – How Functional Can Fibers Be ? FABRICATION APPROACH – From Nano to Kilo 

Fibers are among the earliest forms of human expression, yet surprisingly have remained unchanged from ancient to modern 
times. Can fibers become highly functional devices ? Can they see, hear, sense, and communicate ? Our research focuses on 
extending the frontiers of fiber materials from optical transmission to encompass electronic and even acoustic properties. 
Central to our approach is the combination of a multiplicity solid state materials which can be thermally codrawn into elaborate 
cross sectional structures with features down to 10 nanometers. Two complementary approaches towards realizing 
sophisticated functions are explored: on the single-fiber level, the integration of a multiplicity of functional components into one 
fiber, and on the multiple-fiber level, the assembly of large-scale fiber arrays and fabrics. 

The first step of our method is the fabrication of a multimaterial macroscopic object called a 
preform, which is identical in its geometry and composition to the final fiber, but is much larger in 
its cross-sectional dimensions and shorter in length. This preform is then thermally drawn into 
extended lengths of fiber using a draw-tower procedure. Post-draw processing may then serve 
to achieve micron-scale structural modifications. 

Abouraddy, Bayindir et al “Towards multimaterial multifunctional fibres that see, hear, sense and communicate“ Nature Materials 6, 336 (2007) 
Gumennik, A., Stolyarov, A.M. et al “All-in-fiber chemical sensing“ Advanced Materials, published online  (2012)  

FIBER RESEARCH – From Fiber Devices to Fabric Systems 

Multimaterial Photonic Bandgap 
fibers 

Photonic bandgap structures integrated in our fibers 
allow us to overcome limitations of conventional fiber 
optics and control light in ways not previously possible. 

Electronic and Optoelectronic Fiber 
Devices 

Acoustic Fibers Optofluidic Fiber Devices 

Fibers for Energy Storage Fiber-Neuron Interface 

By combining metals, semiconductors, and insulators 
in well-defined geometries and prescribed sizes, we 
realize fiber devices structured at the micro and nano 
scale with remarkable electronic properties over 
kilometric lengths. 

We design novel light emitting and chemical sensing 
devices by combining microfluidics and photonic fibers.  

Temelkuran, Hart, et al “Wavelength-scalable hollow optical fibres with large photonic 
bandgaps for CO2 laser transmission” Nature 420, 650 (2002) 
Hart et al. “External reflection from omnidirectional dielectric mirror fibers” Science 296, 
510-513 (2002) 

Bayindir, Sorin et al ”Metal-insulator-semiconductor optoelectronic fibres”  Nature 431, 
826 (2004) 
Danto, Sorin et al “Fiber Field-Effect Device Via In Situ Channel Crystallization” 
Advanced Materials, 22, 4162 (2010)  
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Photodetecting fibers 

Stolyarov, A., Wei, L., et al “Microfluidic directional emission control of an azimuthally 
polarized radial fibre laser“ Nature Photonics 4, 229 (2012) 
Gumennik, A., Stolyarov, A.M. et al “All-in-fiber chemical sensing“ Advanced Materials, 
published online  (2012)  

Chemical  
sensing fibers 

Introducing ferroelectric polymers in our structures 
enables exploration of piezoelectric properties in 
conformal architectures. 

Egusa, Wang et al “Multimaterial piezoelectric fibres" Nature Materials 9, 643 (2010) 
Chocat, N., Lestoquoy, G. et al “Piezoelectric fibers for conformal acoustics“ Advanced 
Materials, published online (2012)  
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High-Temperature Fabrication and 
Post-Processing 

Using high-temperature drawing (above 1000ºC), 
conventional electronic materials (e.g., Si, Cu, …) are 
being codrawn into fibers. Post-draw processing such 
as inducing controlled capillary instabilities enables 
axial nanostructuring of multimaterial fibers.  

We design multimaterial fibers for interfacing with 
individual neurons. 
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The preform reduction zone acts as a crucible for 
adjacent domains to come into contact, chemically 
react, and precipitate new compounds into the fiber, 
that are otherwise impossible to draw. 

Orf, N.D., Shapira, O. et al. „“Fiber draw synthesis“, PNAS 108, 4743 (2011) 
Hou, C. et al “Atomic‐level observa8on and chemical analysis of compound synthesis in fiber 
draw”, in prepara(on 

Fiber-Draw Compound Synthesis 

Gumennik, A., Wei, L., Lestoquoy, G. et al “Single crystal silicon-in-silica nanospheres 
via controlled amplification of in-fiber capillary instabilities”, submitted 

Stacking and redrawing metal-core/polymer-cladding 
fibers, we achieve dense arrays of electrodes that 
could be used for individual-neuron recording in the 
brain. 

Work in collaboration with Prof. Polina Anikeeva’s group. 

Interdigitated layers of conductive and dielectric 
composite materials yield high energy density 
capacitors at fiber lengths. 

We are also working on chemical energy storage in 
fibers through the development on a fiber Li-ion 
battery. 
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