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Diamonds shine in quantum networks:
Researchers hitch precious stone's impurities
onto nano-resonators

April 26 2011

When it comes to dreaming about diamonds, energy efficiency and
powerful information processing aren't normally the thoughts that spring
to mind. Unless, of course, you are a quantum physicist looking to create
the most secure and powerful networks around.

Researchers at the University of Calgary and Hewlett Packard Labs in
Palo Alto, California, have come up with a way to use impurities in
diamonds as a method of creating a node in a quantum network. In
addition to making powerful and secure networks, this discovery may
also help sensitive measurements of magnetic fields and create new
powerful platforms useful for applications in biology.

"Impurities in diamonds have recently been used to store information
encoded onto their quantum state, which can be controlled and read out
using light. But coming up with robust way to create connections needed
to pass on signals between these impurities is difficult," says Dr. Paul
Barclay, who recently moved to Calgary to start labs at the University of
Calgary in the Institute for Quantum Information Science and at the
National Institute for Nanotechnology in Edmonton.

"We have taken an important step towards achieving this," adds Barclay.

Barclay and colleagues Dr. Andrei Faraon, Dr. Kai-Mei Fu, Dr. Charles
Santori and Dr. Ray Beausoleil from Hewlett Packard have published a
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paper on their research in the journal Nature Photonics.

Impurities in diamonds are responsible for slightly altering the material's
colour, typically adding a slight red or yellow tint. The "NV center"
impurity, which consists of a nitrogen atom and a vacancy in otherwise
perfect diamond carbon lattice, has guantum properties that researchers
are learning to exploit for useful applications.

In principle, individual particles of light, photons, can be used to transfer
this quantum information between impurities, each of which could be a
node in a quantum network used for energy efficient and powerful
information processing. In practice, this is challenging to demonstrate
because of the small size of the impurities (a few nanometers) and the
experimental complexity that comes along with studying and controlling
several nanoscale quantum systems at once.

Researchers at Hewlett Packard Labs and Barclay, who worked on this
research at HP and is now a professor in the Department on Physics and
Astronomy at the University of Calgary, have created photonic
"microring resonators" on diamond chips. These microrings are designed
to efficiently channel light between diamond impurities, and an on-chip
photonic circuit connected to quantum impurities at other locations on
the chip.

In future work, this microring will be connected to other components on
the diamond chip, and light will be routed between impurities.

"This work demonstrates the important connection between fundamental
physics, blue sky applications, and near-term problem solving. It
involves many of the same concepts being pushed by companies such as
HP, IBM, and Intel who are beginning to integrate photonics with
computer hardware to increase performance and reduce the major
problem of heat generation," says Barclay.
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More information: The article, Resonant enhancement of the zero-
phonon emission from a colour centre in a diamond cavity, is written
Andrei Faraon, Kai-Mei Fu, Charles Santori and Ray Beausoleil
(Hewlett Packard) and Paul Barclay (Hewlett Packard and University of
Calgary), and is published in the recent on-line edition of Nature
Photonics.

Preprint: arXiv:1012.3815v1 [quant-ph] arxiv.org/abs/1012.3815

Abstract

We demonstrate coupling of the zero-phonon line of individual nitrogen-
vacancy centers and the modes of microring resonators fabricated in
single-crystal diamond. A zero-phonon line enhancement exceeding ten-
fold is estimated from lifetime measurements at cryogenic temperatures.
The devices are fabricated using standard semiconductor techniques and
off-the-shelf materials, thus enabling integrated diamond photonics.
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