
 

Ring resonators corner light
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A new, grooved silicon chip keeps light in the corners using the physics of
quadrupoles and topology. Credit: E. Edwards/JQI

Researchers at the Joint Quantum Institute (JQI) have created the first
silicon chip that can reliably constrain light to its four corners. The
effect, which arises from interfering optical pathways, isn't altered by
small defects during fabrication and could eventually enable the creation
of robust sources of quantum light.
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That robustness is due to topological physics, which describes the
properties of materials that are insensitive to small changes in geometry.
The cornering of light, which was reported June 17 in Nature Photonics,
is a realization of a new topological effect, first predicted in 2017.

In particular, the new work is a demonstration of quadrupole topological
physics. A quadrupole is an arrangement of four poles—sinks and
sources of force fields such as electrical charges or the poles of a
magnet. You can visualize an electric quadrupole by imagining charges
on each corner of a square that alternate positive-negative-positive-
negative as you go along the perimeter.

The fact that the cornering arises from quadrupole physics instead of the
physics of dipoles—that is, arrangements of just two poles—means it a
higher-order topological effect.

Although the cornering effect has been observed in acoustic and
microwave systems before, the new work is the first time it's been
observed in an optical system, says JQI Fellow Mohammad Hafezi, the
paper's senior author. "We have been developing integrated silicon
photonic systems to realize ideas derived from topology in a physical
system," Hafezi says. "The fact that we use components compatible with
current technology means that, if these systems are robust, they could
possibly be translated into immediate applications."

In the new work, laser light is injected into a grid of
resonators—grooved loops in the silicon that confine the light to rings.
By placing the resonators at carefully measured distances, it's possible to
adjust the interaction between neighboring resonators and alter the path
that light takes through the grid.

The cumulative effect is that the light in the middle of the chip
interferes with itself, causing most of the light injected into the chip to

2/4

https://phys.org/tags/laser+light/


 

spend its time at the four corners.

Light doesn't have an electric charge, but the presence or absence of
light in a given resonator provides a kind of polar behavior. In this way,
the pattern of resonators on the chip corresponds to a collection of
interacting quadrupoles—precisely the conditions required by the first
prediction of higher-order topological states of matter.

To test their fabricated pattern, Hafezi and his colleagues injected light
into each corner of the chip and then captured an image of the chip with
a microscope. In the collected light, they saw four bright peaks, one at
each corner of the chip.

To show that the cornered light was trapped by topology, and not merely
a result of where they injected the lasers, they tested a chip with the
bottom two rows of resonators shifted. This changed their interactions
with the resonators above, and, at least theoretically, changed where the
bright spots should appear. They again injected the light at the corners,
and this time—just as theory predicted—the lower two bright spots
showed up above the rows of shifted resonators and not at the physical
corners.

Despite the protection from small changes in resonator placement
offered by topology, a second, more destructive fabrication defect
remains in these chips. Since each resonator isn't exactly the same, the
four points of light at the corners all shine with slightly different
frequencies. This means that, for the moment, the chip may be no better
than a single resonator if used as a source of photons—the quantum
particles of light that many hope to harness as carriers of quantum
information in future devices and networks.

"If you have many sources that are forced by topology to spit out
identical photons, then you could interfere them, and that would be a

3/4

https://phys.org/tags/resonator/
https://phys.org/tags/small+changes/
https://phys.org/tags/chip/
https://phys.org/tags/light/


 

game-changer," says Sunil Mittal, the lead author of the paper and a
postdoctoral researcher at JQI. "I hope this work actually excites
theorists to think about maybe looking for models that are insensitive to
this lingering disorder in resonator frequencies."

  More information: Sunil Mittal et al. Photonic quadrupole topological
phases, Nature Photonics (2019). DOI: 10.1038/s41566-019-0452-0

Provided by Joint Quantum Institute

Citation: Ring resonators corner light (2019, June 18) retrieved 20 March 2024 from 
https://phys.org/news/2019-06-resonators-corner.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

http://dx.doi.org/10.1038/s41566-019-0452-0
https://phys.org/news/2019-06-resonators-corner.html
http://www.tcpdf.org

