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Many solid-state systems for QT...
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- Requires specially designed « quantum-grade » materials

h-BN single photon source
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Fluorescent nanodiamonds
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NV centres in synthetic diamonds: a

useful system for QT
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Nitrogen-Vacancy centres in diamond

4 possible orientations Electronic structure of the NV- centre
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Properties of NV centres
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Fabricating diamonds containing NVs

for QT
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PACVD: a KEY ENABLING TECHNOLOGY

MW plasma assisted chemical

vapour deposition

Homoepitaxial growth on a high- 5
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Creating NVs in CVD diamond

N implantation and annealing
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Low yield and damage (shorter T),)
but accurate positionning possible

Pezzagna et al. New Journal of Physics
13, 035024 (2011).

VS In-situ doping during growth

10 ppm N, = 55 ppb N,
- 0.2 ppb NV

500pm thick
CVD film

HPHT substrate

Cross section luminescence image

Stacking of layers with high NV doping

Moderate yield and longer T, but
localization difficult
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Tuning NV properties in CVD

diamonds
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1. Tuning NV properties: environment

Isotopic purity control (*:3C depleted)
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2. Tuning NV properties: orientation
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3. Tuning NV properties: stability

NV ensembles created by N,O doping A. Tallaire et al. APL 2017
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4. Tuning NV properties: spatial localisation

In-depth control
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Other material system of interest:

Rare earth 1ons 1n oxides
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Rare earths in bulk oxides for QT
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Oxides at the nanoscale for QT

Reproducing bulk RE-Ox
properties at the nanoscale
—> Possibility to create hybrid
systems
—~>Develop a new and large platform
for QIP
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Conclusion

Materials need to be designed on purpose for quantum applications - very
high level of requirement (quality, purity, defect control etc.)

Single crystal diamond material produced at LSPM with enhanced control
on defects orientation, density, localisation

Rare earth in oxide crystals produced at IRCP with the development of
nanoscale approach: nanoparticles, thin films etc.

New opportunities will emerge by combining materials with complementary
properties - towards hybrid systems

The most exciting thing about a quantum-enhanced
world is the promise of what it may yet bring

« Here, there and Everywhere » The Economist 09/03/2017
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