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Nanoscale magnetic imaging

Magnetization measurement

® strong experimental constraints
(vacuum, sample thickness, synchrotron...)

X Rays SP-STM
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Stray field measurement

MFM

'

© versatile

© nanoscale resolution

® magnetic back action

@ hardly quantitative

J. M. Garcia et al.
APL 79, 5 (2001)
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Single spin magnetometer

* non invasive
Attaching a single spin at the
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Single spin magnetometer

* non invasive
Attaching a single spin at the

end of a tip * quantitative

‘$> e atomic detection volume
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NV microscope: ND grafted at then end of the tip

Objective lens 1 Microscope
objective

for excitation/collection

Single NV at the apex of
the AFM tip

Sample

Scanning

L. Rondin et al. Appl. Phys. Lett. 100, 153118 (2012)
L. Rondin et al., Nat. Comm. 4, 2279 (2013)



NV microscope: ND grafted at then end of the tip

Objective lens e Quantitative
for excitation/collection

* Room temperature operation

* Atomic sized detection volume
* Current sensitivity: 10 uT/VHz

* Non-magnetic tip (ie. no magnetic
back action)
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Imaging ferromagnetic vortices

vortex core: ~10nm

Permalloy disk — in plane AFM topography
magnetization
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Photoluminescence

Imaging techniques
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Full-B recording

* iso-B: 40 ms per pixel

: e full-B: 200 ms per pixel

Resolving
power: 50 nm



Imaging techniques

resolving power limited by
probe to sample distance




Imaging techniques

resolving power limited by
probe to sample distance

nm detail
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Observation of domain wall hopping

Thermally-activated domain
wall hopping (or Barkhausen
jumps) observed:

- inreal time

- Iinreal space

- at room temperature

- in zero magnetic field

- /
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Observation of domain wall hopping
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Laser induced pinning
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Laser-induced domain wall pinning f§3

@ ® 132
- modification of magnetic parameters of O'O'(’) — '1 O.'0.0 :

the layer caused by heating? Laser power P,__. (W)

- magnonic effect?
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Switching rate f (Hz)

Exploiting the effect

(1) Dragging the DW
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Laser control of the pinning enables domain wall preparation

(3) Pinning sites map
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Motivations

Domain walls in ultrathin ferromagnets with perpendicular anisotropy
are of fundamental interest for spintronic

Racetrack memory
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S. S. P. Parkin et al. Science 320, 190 (2008)

e understanding the pinning

e determining the chirality of the walls (wall motion)
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What is the nature of the wall ?
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What is the nature of the wall ?

Bloch DW:

Néel DW:

fFt1 1ol 1

NSRS | — [

I

direct impact onto wall

motion under current

-

— —

% 8 [

~

Dzyaloshinskii-Moriya interaction at the interface

Epym = Z J;] (5} X 57)

(2,)
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One can distinguish between a Néel DW and a
Bloch DW looking at the stray field

~

Bloch DW:

N >
A A B B SO RE 2 2 20 20 2 N I SN S A N S B 2 2 2 A ®
Néel DW:

i >
ttttt«<i PPV V= |ttt dE YT -

B, (mT)

0B,

10% variation
@ 100 nm
on Ta/CoFeB(1 nm)/MgO
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Comparison with simulations
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|Byyl (MT)

Comparison with simulations

Experiment

1Byl (MT)

Work in
progress !
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New magnetic field

imaging technique :

high resolution
non invasive

guantitative

J

Limited to B< 10mT

Conclusion

-
5T

next:

going to low

N

temperature (4K)

Thank you

see the poster of J.-P. Tétienne for discussion
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Simple level structure
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Simple level structure

A
excited state

A
under green
excitation : metastable

red state
photoluminescence
—.—‘,— mg =1
TV m,=0 ground state

spin conserving transitions

122



Simple level structure

excited state

under green

excitation : metastable
state

— g m, =1

9P m,=0 ground state

spin conserving transitions

123



under green
excitation :

»

Simple level structure

®o

excited state

124

ground state

metastable
state



Simple level structure

A A
.. excited state
A
% .. non radiative decay
ISC
under green a
excitation : @ —@ — metastable
state
m = %1
m,=0 ground state

125



Simple level structure

A A
.. excited state
A
.. non radiative decay
ISC
under green a
excitation : metastable
state
== M = t1
— % 0 @® -0 ground state

126



Simple level structure
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ODMR
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Optically-detected
electron spin resonance:
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Attaching a nano-diamond

Single NV at the apex of the AFM tip
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Fig. 3 — Laser-induced pinning of the domain wall
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Fig. S9 — Laser pinning vs. power

Window 1
Window 2

B ,-t15mT
Off resonance
O B, =+07mT

Iso-B signal (a. u.)

-1 1

d) T

ul
N gor A\ A=

- 4 — 660 uW o 41
21 — 835 uW 21 P — 835 uW
0.01 4 T Teeaww 0.01 L L T 1ebauW

0 500 1000 1500 0 500 1000

ti5o (S) tr51 ()



Fig. S10 —
Temperature vs.
Laser power
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Fig. S10 —
Temperature vs.
Laser power
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Fig. S11 — DW hopping vs. Laser power
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Fit procedure
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Fit results

(a) Data of Figure 2




Measuring z and M.
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Measuring z and M.
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Measuring z and M.
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