
 

Spiderweb-like lasers can emit light in
controlled colors

November 9 2022, by Hayley Dunning

  
 

  

Spectral sensitivity of network lasers to pump profile. a Fluorescence image of a
photonic network with interconnected dye-doped polymer nanofibers. As a guide
to the eye, we highlight the graph topology (edges as blue lines, nodes as orange
dots) over a few links as an example. Inset: scanning electron microscopy image
of a node of the network formed by annealing two nanofibers (scale bar = 1 μm).
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The nanofibers have diameters in the range 200–500 nm and function as single-
mode waveguides for light emitted by the dye. b Lasing spectrum of the network
in a obtained with uniform illumination (blue) and with a slightly modified pump
pattern (yellow), both at pump fluence of 1.5 mJ cm−2 pulse−1. The insets show
the respective pump patterns; the illumination area on sample is 300 × 480 μm2

and the modified pattern has pump removed from a small area 60 × 60 μm2 in
the center of the illuminated rectangle. c A model planar photonic network
modeled as a Buffon graph that is open at the boundaries. We highlight edges
with more than 50% of the maximal amplitude of the electric field for a
delocalised mode (orange edges, mode 1) and a localized mode (green edges,
mode 2). d Numerical calculations of the lasing spectrum from the Buffon
network in c obtained with netSALT. Spectra at pump power D0 = 0.01 (SALT
units) show ~ 50 lasing modes within the gain spectrum of dye (red dashed line).
Note the suppression of mode 1 when changing from uniform pumping (blue,
pump profile in inset) to a pump missing the two edges supporting the largest
electric field amplitudes for mode 1 (yellow, pump profile in inset). Credit: 
Nature Communications (2022). DOI: 10.1038/s41467-022-34073-3

Researchers have created a laser system based on a network like a
spider's web, which can be precisely controlled to produce different light
colors.

The system, invented by a team led by researchers at Imperial College
London with partners in Italy and Switzerland, could be used in new
sensing and computing applications. The team are already collaborating
with research and industrial partners across Europe to explore
applications in machine learning.

In traditional lasers, light bounces between two mirrors in a material that
amplifies the light until it reaches a certain threshold. Laser light is
produced in narrow beams that are stable over long distances. However,
the light is usually only produced in one frequency, corresponding to a
single color.
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Network lasers work differently and are made from a mesh of nanoscale
optical fibers that are fused together to form a web-like network. Light
travels along the fibers and interferes in such a way to create hundreds of
colors simultaneously. However, the colors are mixed in a complex
fashion and emitted at random in all directions.

Now, in research published in Nature Communications, scientists have
developed a method to precisely control a network laser so that it only
emits a single color or color combination at a time. The system works by
shining unique "illumination patterns" on the network laser, with each
precise pattern inducing a different laser color, or combination of colors.

Chip-based applications

The illumination patterns are created using a digital micromirror device
(DMD), which is a computer-controlled device with thousands of
mirrors. The DMD is optimized by an algorithm that selects the best
pattern for a particular laser color.

The team say the new network laser systems could have many
applications, particularly as they can be integrated into chips. For
example, they could be used as highly secure hardware keys, where the
illumination patterns become the secure keys that generate the password
in the form of the laser spectrum.

Because the lasers are also highly sensitive to the correct illumination
patterns, the network lasers could be used as sensors that can track even
small changes on surrounding surfaces.

The system is the result of a five-year collaboration between Imperial's
Departments of Physics and Mathematics, spearheaded by postdoctoral
researchers Dhruv Saxena and Alexis Arnaudon, one in each
Department. The research team produced tools to optimize the
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illumination patterns based on physical modeling and theory, and
demonstrated them in action.

Math and physics coming together

Co-author Professor Riccardo Sapienza, from the Department of Physics
at Imperial College London, said, "We have combined the mathematics
of network theory with laser science to tame these complex lasers. We
believe this will be at the heart of light processing on chips and we are
testing it now as a machine learning hardware."

Co-author Professor Mauricio Barahona, from the Department of
Mathematics at Imperial, said, "This is an example where we saw math
and physics coming together, showing how the properties of a network
can affect and help control the lasing process. The next big challenge is
to design networks and illumination patterns to control the temporal
profile of the laser light and encode information in it."

  More information: Dhruv Saxena et al, Sensitivity and spectral
control of network lasers, Nature Communications (2022). DOI:
10.1038/s41467-022-34073-3
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