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The Nitrogen-Vacancy center

Nanodiamonds
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Diamond nanostructures
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I The Nitrogen-Vacancy center

Optical properties
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The Nitrogen-Vacancy center

Optical properties
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The Nitrogen-Vacancy center for magnetic sensing
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Intensity (arb. un.)
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With magnetic field
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Strong Weak
Zeeman . Zeeman
interaction interaction

Strong Magnetuc field Weak
Prog. Nucl. Magn. Reson. Spectrosc.134-135, 20 (2023)

Operates under ambient conditions
Sensitivity ~ 1 pT/vHz

Spatial resolution ~ 50 nm
Quantitative and vectorial
measurements




The Nitrogen-Vacancy center for magnetic sensing

Condensed matter
Magnetic order in magnetic systems
that, by nature, feature very small
magnetization

Spin spirals in antiferromagnets 2D magnets
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Spin spirals in a
multiferroic ultrathin
layer
Nature 549,
252 (2017)
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I The Nitrogen-Vacancy center as a sensor

Magnetic noise

Magnetic fields
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I The Nitrogen-Vacancy center for magnetic noise sensing

/ Static fields \ / Fluctuating fields \

" mg=+1 mg=+1
D=f(BET,..) [Ty = F((B2), (E2)..)
v
mg= mg=0

@ Rev. Mod. Phys. 89, 035002 (2017)




The Nitrogen-Vacancy center for magnetic noise sensing

Detection of a magnetic noise
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The Nitrogen-Vacancy center for magnetic noise sensing

Detection of a magnetic noise
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The Nitrogen-Vacancy center for magnetic noise sensing

Detection of a magnetic noise
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The Nitrogen-Vacancy center for magnetic noise sensing

» Superparamagnetic nanoparticules
Nano Lett. 15, 4942, (2015)

Condensed matter > Spin waves
Science, 357, 195 (2017)

> Johnson noise
Science 347, 1129 (2015)
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The Nitrogen-Vacancy center for magnetic noise sensing

Detection of a magnetic noise
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The Nitrogen-Vacancy center for magnetic noise sensing

Fast optical detection of a magnetic noise
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The Nitrogen-Vacancy center for magnetic noise sensing
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Fast optical detection of a magnetic noise Differ_ent noise prop_erties above Collaboration with
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The Nitrogen-Vacancy center for magnetic noise sensing

Fast optical detection of a magnetic noise Different noise properties above domains
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The Nitrogen-Vacancy center for magnetic noise sensing

Fast optical detection of a magnetic noise
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The Nitrogen-Vacancy center for temperature sensing
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The Nitrogen-Vacancy center for temperature sensing

Condensed matter

( (a) —— N
AFM D
% b Nano Lett. 16,
‘;;;- *-3 o “=. 326 (2016)
; Hollenberg et al.

elbourne Un|vJ

1617181920

\ RF frequency (GHz)

3 2738 (2013)

~\

Nano Lett. 13,

Wrachtrup et al.

Stuttgart Univ.
J

Biological species

r

seueIquIBW |80

~\

Sci. Rep. 5,
1573 (2015)
Nat. Comm.

8, 15362 (2017)
Zheltikov et al.

Moscow State Univ.

S||990 1Seqgo.qi) oluoAIqWa

(x10*c.p.s)

25

Nature 500,
54 (2013)
Lukin et al.

Harvard

~\

J




The Nitrogen-Vacancy center for temperature sensing

( Nanodiamond A
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The Nitrogen-Vacancy center for temperature sensing

Sensor architecture

A ( Scanning tip h
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Nanodiamond (" Diamond substrate

Perfect thermalisation High thermal dissipation Good thermalisation
of the nanodiamonds with in the substrate that cools the of the tip provided an
the probed sample probed sample optimized tip geometry
« Few K/Hz'? s Sub-K/Hz'2

e Tens-hundreds nm e Sub-100 nm
AIP Advances 10, 025027 (2020)



I The Nitrogen-Vacancy center for temperature sensing

Sensor architecture

Scanning tip

Thermal barrier
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The Nitrogen-Vacancy center for temperature sensing

Sensor architecture
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Perspectives

Magnetic fields
From pT/Hz'?

down to tens nT/Hz'2
Sub-100 nm resolution

Electric fields

-1 o172
& 26 mV uym™ Hz"" (AC) npj Quantum Information 8, 107 (2022)
2V um=—=Hz"2(DC)
-V o+ . Nat. Comm.12, 2457 (2021)
© © Sub-100 nm resolution

N\ 7 Temperature
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= Sub-100 nm resolution

Magnetic noise
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Electric fields

Perspectives
Multiferroics & Phase transitions in a ferroelectric
= M domain wall
()
Conductive

Magnetic fields NV 77 | domain walls Temperature

b Hot spots

in electronic circuits

Confined spin waves ) . Spin Seebeck effect
Magnetic noise




I Perspectives

Novel defects in diamond Defects in wide bandgap materials
(SiV, GeV, SnV, G4V) (SiC, GaN...)

Defects in 2D materials

hBN sensing layer
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