Scanning NV center thermometry

Elias Sfeir, Maxime Rollo, Roméo Beignon, Yoann Baron,
Felipe Favaro de Oliveira, Gediminas Seniutinas, Marcelo Gonzalez,
Mathieu Munsch, Patrick Maletinsky, Jean-Baptiste Jager,
Jean-Michel Gérard, Vincent Jacques, Aurore Finco, Isabelle Robert-Philip

LABORATOIRE COULOME (25 noml L > 3 < Universitat

MONTPELLIER Bosel

DPG Spring meeting, March 17t" 2025, Regensburg
slides available at https://magimag.eu



Scanning NV center microscopy



Scanning NV center microscopy

=
$

o

ODMR
==dark==m, = +1 &
el
g
i\\/N' 2.87GHz E
5
— bright == ms; =0 z

2.84 2.87 2.9
Frequency (GHz)



Scanning NV center microscopy

Map magnetic stray field (Zeeman shift)
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Scanning NV center microscopy

- Map magnetic stray field (Zeeman shift)
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Nanoscale spatial resolution + operation under ambient conditions
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How do we measure T with an NV center?

Thermal crystal dilatation leads to
a shift of the magnetic resonance
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In the literature

® Photoheated gold nanoparticle

® Experiment using an ensemble of NV centers and scanning in water
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Our samples

Doped Silicon nanowire We expect a strong Joule heating at the
Deposited on SiO,, with gold contacts nanowire when applying current
Fabricated at Pheligs in Grenoble

Comsol simulation
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A first temperature map

Measurement at 50 pA
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A first temperature map

Measurement at 50 pA
Photoluminescence D shift Temperature
v ¥
¥ | k
] ¥
E.
1pm
— — e
200 400 600 -3 -2 10 0 10 20 30
PL (kcts/s) D shift (MHz) AT (K)

® Qersted field from the wire

® The temperature increase is too small!
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The terrible fate of the samples

The nanowire before
we start measuring




The terrible fate of the samples

The nanowire before
we start measuring

The nanowire after
we worked on it for some time
(usually not very long)




Measurement under external magnetic field

Effect of temperature increase
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A second temperature map

Measurement at 100 pA, under an out-of-plane bias field
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The problem with perpendicular magnetic field

Perpendicular magnetic field also shifts D,
and looks like an effective cooling!
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A second temperature map
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Asymmetry!

«
©

Fit Biot-Savart

Normalized PL

il
|
1D

By |
L Il

2.8 2.85 2.9 2.95
Frequency (GHz)

D shift (MHz)

®@
S

_ _:’
225 235 245 30 35 40 45
Bny (mT) D shift (MHz)

12



A second temperature map
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A third temperature map

Different nanowire, current 60 pA, different diamond probe
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This time we observe Joule heating, but again smaller than expected...



Identified issues

® The contact between the apex of the diamond tip and the sample is not controlled

¢ Diamond has a very large thermal conductivity (1000 to 3300 W m~"K)
and dissipates a lot of thermal energy!
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So how could we actually perform scanning NV
thermometry?

Reduce the volume of diamond in the probe to minimize dissipation

® Use an ensemble of NV centers, same orientation, to increase the signal

Shift the NV centers away from the tip apex to reduce the effect of stray field

Conical pillar to improve spatial resolution
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Interested in joining our team?
PhD and postdoc positions available
in scanning NV microscopy
Contact: aurore.fincoQumontpellier.fr
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