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Silicon photonics with T centre spin-photon devices




Quantum networks

What makes an ideal spin-photon centre?

Silicon

CMOS + integrated photonics:
waveguides, resonators, detectors,
N switches, modulators... /
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Integrated silicon photonics
An optical table on a chip

SOl enables optical component manufacturing silicon
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Light is quided through silicon thanks to SOl buried oxide
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Silicon as a quantum host

Sellars group, ®1Eu3*:Y2SiO5
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The T centre
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L. Bergeron et al., PRX Quantum 1, 020301 (2020).




T centre properties

I

Wavelength 1326 nm

Linewidth < 33 MHz
@si Optical lifetime 940 ns

12C

Debye-Waller factor 0.23(1)
©'H

T1e TN > 30s
. e_

ToE 2.1 (1) ms

Ton >1.1(1)s

L. Bergeron et al., PRX Quantum 1, 020301 (2020).




Now do it on chip!

Two stage implant and anneal process

Si Si
SiO, SiO,
1. Cion implant 2. RTA (1000°C, 20s)
“
° O
Si Si o <
SiO, SiO,
3. Hion implant 4. RTA (400°C, 180s)

MacQuarrie, E. R. et al. Generating T centres in
photonic silicon-on-insulator material by ion
implantation. New J. Phys. 23, 103008 (2021).

Higginbottom, D. B., Kurkjian, A. T. K., et al. Optical
observation of single spins in silicon. Nature, 607, 266-
270. (2022).
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Single-mode waveguide devices

Grating
SNSPD coupler

E—l—

Above-band
laser

SNSPD
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Deabreu, A. et al. Waveguide-integrated silicon T centres. ArXiv Preprint. 2209.14260v1 (2022).
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Photoluminescence spectra
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Photoluminescence excitation spectra
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Instantaneous linewidths

Aw hom = 0.69+0.01 MHz Aw hom = 544+1 MHz Aw hom = 67+3 MHz
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Deabreu, A. et al. Waveguide-integrated silicon T centres. ArXiv Preprint. 2209.14260v1 (2022).
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Zero-power linewidth projection
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PLE signal (arb.)

Electron spin lifetime measurement (optical)
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T1 > 80 ms (optically limited)
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Deabreu, A. et al. Waveguide-integrated silicon T centres. ArXiv Preprint. 2209.14260v1 (2022).
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Photonic crystal nanobeam cavities

/ Grating Couplers \
Cavity\ Waveguide
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Photonic crystal nanobeam cavity spectrum
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Resonant excitation of cavity-coupled T centres
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Resonant excitation of cavity-coupled T centres
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Lifetime reductions

10% 1 1 1
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Detuning dependent lifetime reduction factors of 2-9
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Purcell factor estimate
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Summary

The T centre:
- Telecom O-band emission
- Long spin coherence

- Integrates with silicon photonics

Silicon T centre instantaneous linewidth

almost lifetime-limited in #8si

Instantaneous linewidth of 11 MHz in single

mode waveguides.

Lifetime reduction factor of nine achieved in

photonic crystal nanobeam cavities.

The T centre
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* Quantum Engineering

Integrated Photonics
*  Quantum Networking
« Software

* Hardware

e Test & Measurement

+ many, many more...
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Integrated optical resonators

«— High
reflectivity
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24 orientations

C,[-1,-1,1]
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12 orientational subsets

Magpnetic field By (T)

D:
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By ~ || [110]

A/
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Energy (meV)

935.6
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