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H igh-throughput assembly of nanoscale 
structures into functional macroscopic 

devices appears to be the bottleneck in intro-
ducing nanotechnology into our daily lives.1 
Nanowires are particularly promising build-
ing blocks with extensive composition and 
fabrication opportunities and extraordinary 
material characteristics,2 while their use as 
large-scale devices is equivalently challeng-
ing. At this point, neither self-assembly strate-
gies nor top-down techniques are developed 
enough to pave the way for industrial scale 
nanowire applications.

Extending the length of nanowires from 
orders of nanometers or micrometers to meters 
might unexpectedly facilitate their assembly, 
since this process uses human’s oldest tools: 
our hands. 

Last year, we demonstrated fabrication 
of extremely long, uniform and parallel 1-D 
nanostructures encapsulated within protec-
tive polymer fibers.3 We produced them by 
the iterative thermal drawing of macroscopic 
preforms of various material sets, including 
chalcogenide glasses, polymers and semicon-
ductors. This allowed us to precisely design 
their geometry and physical properties.4

We used selenium nanowires to construct 
a macroscopic photodetector.5 After manually 
assembling fibers containing the nanowire 
arrays onto a photolithographically defined cir-
cuitry containing a 10×10 pixel array within 
an area of 1 cm2, we removed the polymer 
encapsulation with an organic solvent. 

This revealed a layer of hundreds of 
parallel nanowires over the electrical con-
tacts, forming independent photoconductive 
units. Equipped with appropriate hardware 
and software, the device is able to identify 
alphabetical characters.

While this is a proof-of-concept device, the 
pixel resolution only theoretically depends 

on the restrictions related to the fabrication 
of the electronic circuitry. This means that 
with the application of active matrix readout 
circuits, much higher pixel densities could 
be attained.

Our approach to fabricating nanoscale 
building blocks differs from older methods in 
that it enables precise manual processing of 
nanostructures, which could be automated 
for industrial scale applications.

This innovative method makes it possible 
to devise extremely large nanowire-based 
optoelectronic devices on planar, flexible 
or curved substrates. OPN
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(a) Nanowires over the electrode pairs. Each electrode pair forms an individual photo-
conductive pixel. (b) Nanowire containing polymer fibers are aligned manually over elec-
trodes. Schematic of in-fiber nanowires over the electrodes is also given. After the poly-
mer is removed, nanowires remain over the electrodes. (c) SEM image of the nanowires 
 over electrical contacts, and a closer image of a photoconductive pixel with hundreds of 
nanowires. (d) Imaging setup for nanowire photodetector. (e) Macroscopic nanowire pho-
todetection device. The alphabetic characters of “UNAM” is displayed by the device.
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R esearchers have achieved much progress 
in fabricating complex photonic circuits, 

laying the groundwork for revolutionary appli-
cations in optical computing, communications 
and fundamental science. Yet attenuation of 
light primarily caused by surface roughness 
and insufficient fabrication precision remains 
a major bottleneck. 

Recently, we demonstrated a new photonic 
fabrication platform called the SNAP: surface 
nanoscale axial photonics. It enables fabrica-
tion of ultra-low-loss miniature photonic 
circuits with angstrom precision. This is at 
least an order-of-magnitude better than the 
precision achieved in other photonic fabrica-
tion technologies.

The SNAP devices are fabricated on the 
smooth outer surface of an optical fiber. 
Their extraordinary low-loss performance 
is similar to that of the whispering gallery 
mode (WGM) microresonators fabricated 
from silica by melting, exhibiting the 
Q-factor as large as a billion. However, in 
contrast to SNAP devices, WGM micro-
resonators cannot be integrated into robust 
photonic circuits and their fabrication 
precision is unacceptably low. 

We have shown that a nanoscale effective 
radius variation (ERV) of the fiber (a combina-
tion of the fiber average physical radius and 
refractive index variations) is sufficient to 
completely localize WGMs.1,2 

Crucially, we have demonstrated the 
introduction of such nanoscale variations by 
focused CO2 laser heating with unprecedented 
angstrom accuracy.3 We achieved similar 
accuracy with UV exposure of Ge-doped 
photosensitive fibers,3,4 which may also be 
feasible for chalcogenide fibers.5

For example, the SNAP device shown 
in the figure consists of ten coupled micro-
resonators introduced by a focused CO2 

laser beam along a 500 μm section of a 
19 μm radius fiber. In this section, the 
fiber radius was increased by 7 nm and 
modulated with a period of 50 μm and 
amplitude of 1.1 nm. The performance and 
the ERV were characterized by measuring 
the transmission spectra of the microfiber, 
which was coupled to the SNAP fiber and 
scanned along its axis with 2-μm steps. 

The measurements are in excellent 
agreement with calculations, which 
allowed us to extract the introduced ERV. 
This figure clearly demonstrates a trans-
mission band formed by periodic modula-
tion of ERV followed by a bandgap. The 
ERV reproducibility of microresonators is 
better than an angstrom.

SNAP circuits may have intriguing 
potential applications in filtering, switch-
ing, slowing light and sensing. They can 
potentially be incorporated into silicon 
photonics integrated circuits. OPN
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(a) A SNAP fiber with nanoscale variation of the effective radius and coupled to a micro-
fiber. (b) Experimental characterization of the transmission amplitude of a SNAP device 
consisting of 10 coupled microresonators. The spectral measurements are performed 
with 2 μm steps along the fiber axis. The black curve is the ERV theoretically calculated 
from these spectra. 
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Fabrication of Ultra-Low-Loss  
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