All-optical imaging of zero-field skyrmions with a
scanning-NV magnetometer
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Magnetic skyrmions for spintronics
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Example of application: racetrack memory
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Stabilization of skyrmions with exchange bias

Goal: stable zero-field skyrmions at room temperature without confinement

ttttttttetteet
PLLLLILLLLLLY
tttttttteeeet
tt727-~\d et | Bef



Stabilization of skyrmions with exchange bias

Goal: stable zero-field skyrmions at room temperature without confinement

ttttttttetteet
PLLLLILLLLLLY
tttttttteeeet
tt727-~\d et | Bef

32
28

. 2; @ IrMn/CoFeB stack

16 = pm-sized skyrmions
12 @
8

I 4

B G.Yuetal. Nano Lett. 18 (2018), 980



Stabilization of skyrmions with exchange bias
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Optimization of the IrMn thickness
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NV centers as magnetic field quantum sensors
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Qualitative measurement in the high field regime
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Our scanning NV microscope
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Imaging of zero-field skyrmions

Qo =
o o

Normalized PL

o
w

K. G. Rana et al. Phys. Rev. Applied 13 (2020), 044079



Imaging of zero-field skyrmions

® o
—

E 1.0 % 1 _._‘_._.__‘ : ._'_'!._._0
o] g . !
a} =09 S 2
B g f'w = 47nm
< 09 5 0.8 \ "
E z \Y
5 ‘ : —* : :
z 08 0 100 200 300 400

Lateral displacement (nm)

K. G. Rana et al. Phys. Rev. Applied 13 (2020), 044079



Imaging of zero-field skyrmions
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Simulation of the expected signal
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Comparison with simulations

Skyrmion diameter 40 nm Skyrmion diameter 60 nm Skyrmion diameter 80nm  p orm.

1.0
' . 0.9
0.8
NV axi . 0.7
axis proj.
il
. 1 1]
£ 0.9 |
2 S7nm 0.9 1 65nm ' 75nm
509 08 |
& 0.8 |
: : : ’ : : : 0.7t : :
—200 0 200 —200 0 200 —200 0 200
Lateral displ. (nm) Lateral displ. (nm) Lateral displ. (nm)



Comparison with simulations

Skyrmion diameter 40 nm Skyrmion diameter 60 nm Skyrmion diameter 80nm  p orm.

1.0
. . 0.9
0.8
NV axi . 0.7
axis proj.
e
M 1 1]
£ 0.9 |
2 S7nm 0.9 1 65nm ' 75nm
S09¢ 08 |
& 0.8 |
: : : ’ : : : 0.7t : :
—200 0 200 —200 0 200 —200 0 200
Lateral displ. (nm) Lateral displ. (nm) Lateral displ. (nm)




Summary
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