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Photonic crystals could be exactly what
Breakthrough Starshot is looking for

December 18 2023, by Mark Thompson

Key performance:
+ Size: 4x4 mm up to 4 inch *

* A: 1300-1550 nm :

* Measured peak reflectivity >91.5% -

* Broadband reflectivity >70%

+ Mass: 10“gram (a few cm?) to grams (m?)

™

[lustration of the light sail concept and the main performance parameters of the
device realized in this work, including size, working wavelengths, reflection
performance, and mass. The source image used to create the planet is taken from
NASA's Visible Earth website. Credit: arXiv (2023). DOI:
10.48550/arxiv.2312.04471

Light sail technology is a fascinating concept and a step change in rocket
propulsion. It may not be big and impressive like the Saturn V, the Space
Shuttle or the new Starship rocket but when it comes to traveling among
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the stars, light sails could just be the answer. And what better material to
build the sails from then something that just makes me want to say it
over and over again: photonic crystals. It sounds right out of a "Star
Trek" episode, but a new paper examines their feasibility.

The concept of light sails is really quite simple. Instead of a fabric sail
attached to a ship that harnesses the force of the wind, light sails harness
the force of light to propel spacecraft through the cosmos. They rely
upon the pressure of photons emitted by a powerful light source like a
laser to generate low levels of thrust.

The idea is that photons of light carry momentum and exert a force when
they reflect off a surface. The deployment of large, super thin sails made
of reflective material like Mylar—of the same variety used commonly in
amateur astronomy to observe the sun—the spacecraft can be pushed
along, slowly accelerating but eventually to astonishing speeds.

While light sails may not get a spaceship off the ground and into orbit,
once deployed in space, the long slow acceleration is a very efficient way
of traveling through space. This is not just science fiction, the Starshot
Breakthrough project has become a leader in the field to develop a
spacecraft to send humans to Proxima Centauri 4.3 light years away) in a
human lifetime.

A paper recently published on the arXiv preprint server by a team led by
Jin Chang explores the possibility of a new material for light sails known
as nano manufactured photonic crystals. These crystals are optical
nanostructures (between microscopic and molecular scales) where the
refractive index changes periodically. These occur in nature in the
animal kingdom for example in the reflective nature of cat and dog eyes.

The team shows how a silicon nitride photonic crystal with a thin silicon
membrane can achieve the high levels of reflectivity in the 1300 nm to
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1500 nm wavelengths required for light sails. The potential in the sails is
significant with the manufacturing techniques able to scale up to several
meters which may well set the scene for finally, if not slowly, sending
humans across the galaxy.

More information: Jin Chang et al, Broadband, High-Reflectivity
Dielectric Mirrors at Wafer Scale: Combining Photonic Crystal and
Metasurface Architectures for Advanced Lightsails, arXiv (2023). DOIL:
10.48550/arxiv.2312.04471
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