
 

Integration brings quantum computer a step
closer
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An artists impression of the device in a larger circuit, emitting entangled photon
pairs. The figure-8 represents the connection between the two photons of
quantum entanglement. Pairs of photons are emitted from the two spiral
structures shown in the spotlight, while anonymous optical circuits fade into the
background. Credit: University of Bristol
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An international research group led by the University of Bristol has
made an important advance towards a quantum computer by shrinking
down key components and integrating them onto a silicon microchip.

Scientists and engineers from an international collaboration led by Dr
Mark Thompson from the University of Bristol have, for the first time,
generated and manipulated single particles of light (photons) on a silicon
chip – a major step forward in the race to build a quantum computer.

Quantum computers and quantum technologies in general are widely
anticipated as the next major technology advancement, and are poised to
replace conventional information and computing devices in applications
ranging from ultra-secure communications and high-precision sensing to
immensely powerful computers. While many of the components for a
quantum computer already exist, for a quantum computer to be realised,
these components need to be integrated onto a single chip.

Featuring today on the front cover of Nature Photonics, this latest
advancement is one of the important pieces in the jigsaw needed in order
to realise a quantum computer. While previous attempts have required
external light sources to generate the photons, this new chip integrates
components that can generate photons inside the chip. "We were
surprised by how well the integrated sources performed together,"
admits Joshua Silverstone, lead author of the paper. "They produced
high-quality identical photons in a reproducible way, confirming that we
could one day manufacture a silicon chip with hundreds of similar
sources on it, all working together. This could eventually lead to an
optical quantum computer capable of perform enormously complex
calculations."
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The tiny silicon chip at the focus of this experiment is shown surrounded by
measuring devices: optical fibres attached to aluminium rods (front and back)
and electrical probes (at right). Other necessary fibre optics form the
background. Credit: University of Bristol

"Single-photon detectors, sources and circuits have all been developed
separately in silicon but putting them all together and integrating them
on a chip is a huge challenge," explains group leader Mark Thompson.
"Our device is the most functionally complex photonic quantum circuit
to date, and was fabricated by Toshiba using exactly the same
manufacturing techniques used to make conventional electronic
devices."
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The group, which, includes researchers from Toshiba Corporation
(Japan), Stanford University (US), University of Glasgow (UK) and TU
Delft (The Netherlands), now plans to integrate the remaining necessary
components onto a chip, and show that large-scale quantum devices
using photons are possible.

"Our group has been making steady progress towards a functioning
quantum computer over the last five years," said Thompson. "We hope
to have a photon-based device which can rival modern computing
hardware for highly-specialised tasks within the next couple of years."

  
 

  

Details explaining the various components on the silicon chip – including two
sources, a phase shifter and two multi-mode interference devices. Credit:
University of Bristol

Much of the work towards this goal will be carried out at Bristol's new
Centre for Doctoral Training in Quantum Engineering, which will train a
new generation of engineers, scientists and entrepreneurs to harness the
power of quantum mechanics using state-of-the-art engineering
technique to make real world and useful quantum enhanced devices.
This innovative centre bridges the gaps between physics, engineering,
mathematics and computer science, working closely with chemists and
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biologists while interacting strongly with industry.

  More information: A full copy of the research paper is available from
Nature Photonics DOI: 10.1038/nphoton.2013.339, and a preprint
version from arXiv:1304.1490

Provided by University of Bristol

Citation: Integration brings quantum computer a step closer (2014, January 30) retrieved 10
April 2024 from https://phys.org/news/2014-01-quantum-closer.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)

5/5

http://dx.doi.org/10.1038/nphoton.2013.339
http://arxiv.org/abs/1304.1490
https://phys.org/news/2014-01-quantum-closer.html
http://www.tcpdf.org

