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Collinear vs. Non-Collinear Antiferromagnets

$3 7t

- key experiments (CuMnAs...) - anomalous Hall Effect demonstrated
- including imaging (XMLD-PEEM...)
- STT predicted weak... - anomalous Nersnt effect demonstrated

- theoretically predicted STT and GMR

STT/GMR/domain movement experimentally...?
- thin epitaxial films
- tool to image non-collinear antiferromagnetism
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Collinear vs. Non-Collinear Antiferromagnets
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- key experiments (CuMnAs...) - anomalous Hall Effect demonstrated

- including imaging (XMLD-PEEM...)

- STT predicted weak... - anomalous Nersnt effect demonstrated

- theoretically predicted STT and GMR

STT/GMR/domain movement experimentally...?
- thin epitaxial films
- tool to image non-collinear antiferromagnetism

S T X MOKE is surface sensitive
g x MOKE is spectrally dependent

d b (comparing materials/thicknesses...)

X Geometry of MOKE and STGM experiment for films
e X Resolution limit of wavelenght..

(CD YO 10 um

[2110]
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Collinear vs. Non-Collinear Antiferromagnets

$3 A

- key experiments (CuMnAs...) - anomalous Hall Effect demonstrated
- including imaging (XMLD-PEEM...)  [Nakatsujietal, Nature (2015)]
- STT predicted weak... - anomalous Nersnt effect demonstrated

[Nakatsuji et al., Nat.Phys. (2017)]
- theoretically predicted STT and GMR
[Zelezny et al., PRL (2017)]
STT/GMR/domain movement experimentally...?
- thin epitaxial films [Markou et al,, PRV (2018)]
- tool to image non-collinear antiferromagnetism

— Scanning Thermal Gradient Microscopy

- including buried layers
- including domain writing
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Reminder: Anomalous Nernst Effect
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« Bulk Mn3Sn: strong anisotropy!
 Epitaxial Mn3Sn thin films: [0001] out of film plane
=>uneasy AHE geometry
=> great for out of plane VT geometry
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Idea of the Scanning Thermal Gradient Microscopy
(STGM)

Known in ferromagnets...
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Idea of the Scanning Thermal Gradient Microscopy
(STGM)

Known in ferromagnets...
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Idea of the Scanning Thermal Gradient Microscopy
(STGM)

Known in ferromagnets...
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Idea of the Scanning Thermal Gradient Microscopy
(STGM)

Known in ferromagnets...

[0001]

scanning VT magnetic contrast

laser induced VT:
- in plane component averaged out; even if remains (sides): ANE not expected

y
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18 quick consistency check on our thin films
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Idea of the Scanning Thermal Gradient Microscopy
(STGM)

Known in ferromagnets...

[0001]

scanning VT magnetic contrast

laser induced VT:
- in plane component averaged out; even if remains (sides): ANE not expected
- out of plane VT

a <
y __ opposite Hall vector
z=VT - :
i _ => opposite ANE
x=B

Mn
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Results of the STGM: spatial imaging

10 17 24
X (pum)
MgO/Ru(5nm)/Mn3Sn(50nm)/AlO, v spatial imaging
??? magnetic origin
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Results of the STGM: spatial imaging
Apply + 0.5T and compare STGM maps

300K 300K

05T +0.5T Vane (HY)
40 0.4
0.2
0.0
-0.2
-0.4
10 17 24
X (pHm)
MgO/Ru(5nm)/Mn3Sn(50nm)/AlO,
TECHNISCHE Reading and Writing Antiferromagnetic Domains by Scanning Thermal Gradient Microscopy . .
@ UNIVERSITAT Helena.Reichlova@tu-dresden.de Folie 12 DRESDEN h
DRESDEN Antiferromagnetic Spintronics: from topology to neuromorphic computing concept ‘v‘



Results of the STGM: spatial imaging

Apply + 0.5T and compare STGM maps

At 400K lowered anisotropy
300K 300K 400 K 400 K

05T - +05T Vane (1Y) 05T +05 TVANEI(SV)
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Ordinary Nernst?
MgO/Ru(5nm)/Mn3Sn(50nm)/AlO,
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Results of the STGM: sweep magnetic field

At various magnetic fields measured a STGM map
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Results of the STGM: sweep magnetic field

At various magnetic fields measured a STGM map
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Results of the STGM: sweep magnetic field

At various magnetic fields measured a STGM map
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Results of the STGM: rotate magnetic field

Vary angle voltage detection vs. magnetic field 200 mT
y

=VT

- easiest expected picture (“easy plane anisotropy”):

variation of g vector projection - shades of blue/yellow
- reality: breaking into islands/domains
- likely dominated by pinning centers

higher resolution STGM in progress...
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Results of the STGM: temperature dependency

Anomalous Nernst effect - expected to be temperature dependent
— 0 at low temperatures
— 0 at Ty

Map at every temperature and plot average ( Ve (V)
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Results of the STGM: temperature dependency

Anomalous Nernst effect - expected to be temperature dependent
— 0 at low temperatures

— 0 at Ty

Map at every temperature and plot average ( Ve (HV)
Compared with bulk Mn3Sn ANE
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Results of the STGM: Nernst coefficient estimation
How we calibrate laser induced VT ?

1. thin film, same substrate, same capping, large Anomalous Nernst effect
Co2MnGa thin films [Reichlova, APL113, 212405 (2018)]
2. evaluate Anomalous Nernst coefficient Ny with known thermal gradient

@ neatl. @ HLiVT N 2
~2 pV/K
o ‘))/ 2 ANE
A #3
MgO =
#3
#2

#

S
ez

> Wk

3. Co,MnGa device of same size as Mn;Sn measured in laser setup
co2mnga -0.5T co2mnga +0.5T

90 4
80 A
70 A

60 4

0 20 40 0 20 40

4. estimate laser induced VT (E = Npye VT) ~ 2K/um
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Results of the STGM: Nernst coefficient estimation

Evaluate Mn;Sn films N ~ 2 uV/K

Compared with bulk Mn3Sn ANE [Ikhlas, Nat.Phys.(2015)]

10% :
E L1,-FePt (ref. 7)
B p Liy-FePd (ref. 7)
- B p L1g-MnGa (ref. 7)
: Mn,Sn films Jocally B D0y;-Mn;Ga(ret. 7)
- * € Co/Nifilms (ref. 7)
5 l Nd,Mo,0; (ref. 30)
107 E Fe (ref. 37)
T - 1 Co(ref.37)
> il w— Fe;0, (B<0.8T) (ref. 38)
107 F
SV E < MnGe (140K, B> 2 T) (ref. 39)
w E MnGe (100 K, B > 5 T) (ref. 39)
102 b MnGe (20 K, B<14 T) (ref. 39)
E w— Pt/Fe multilayer N =1(B<5T) (ref. 40)
- ww Pt/Fe multilayer N = 4 (B < 5 T) (ref. 40)
103 = Pt/Fe multilayer N=7 (B <5T) (ref. 40)
- = Pt/Fe multilayer N=9 (B<5T) (ref. 40)
r ® Mn;eSngs
10—4 ol el NIRRT B S SR R T] BN R T ® Mn3.09sn0.91
107 1073 107 107 10° 10'
M (T)
- very local measurement
- gradient estimation error (spot size etc.)
- comparing ANE measurement methods...
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Results of the STGM: domain writing

At 300K + 0.5T no effect, but 300K+laser power = heat assisted writing

laser 10mW
50mWwW oT
+0.5T Vane (UV)
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Results of the STGM: domain writing

At 300K + 0.5T no effect, but 300K+laser power = heat assisted writing

laser 10mw 50mwW  10mWwW
50mWwW oT -0.5T oT
+0.5T Vane (MV)
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TECHNISCHE Reading and Writing Antiferromagnetic Domains by Scanning Thermal Gradient Microscopy .
@ UNIVERSITAT Helena.Reichlova@tu-dresden.de Folie 23 DRESDEN h
DRESDEN Antiferromagnetic Spintronics: from topology to neuromorphic computing concept W d



Results of the STGM: domain writing

At 300K + 0.5T no effect, but 300K+laser power = heat assisted writing

laser 10mw 50mW  10mwW 50mW 10mwW 50mW 10mW 50mW 10mwW
50mWwW oT -0.5T oT +0.5T oT -0.5T oT +0.5T oT
+0.5T Vane (MV)
. 40 - g .
40 40 e 0.6
= . 0.4
30 - 30 1= 301
0.2
:El 20 20 50 0.0
; -0.2
10 - 10 A 10 A -0.4
0.6
0 0- 0 -
0 0 0 7 14 0
X (um)
Reproducible writing and erasing of domains
at 300K: impossible to erase 6T
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STGM for antiferromagnets: next steps...

domains vs. magnetic clusters (STT observation....?)
rotation data, STGM vs. MOKE...

increase resolution:
1) SNOM in Berlin (B. Kaerstner, J. Wunderlich)

2) heated AFM tip in Milan (E. Albisetti, D. Petti)

ARTICLES

nature
nanotech 11010gy PUBLISHED ONLINE: 7 MARCH 2016 | DOI: 10.1038/NNANO.

Nanopatterning reconfigurable magnetic
landscapes via thermally assisted scanning
probe lithography

E. Albisetti'?*, D. Petti', M. Pancaldi?, M. Madami?, S. Tacchi#, J. Curtis?, W. P. King¢, A. Papp’,
G. Csaba’, W. Porod’, P. Vavassori**, E. Riedo*** and R. Bertacco''**

2um

UNIVERSITAT Helena.Reichlova@tu-dresden.de

TECHNISCHE Reading and Writing Antiferromagnetic Domains by Scanning Thermal Gradient Microscopy Eolie 25
olle
DRESDEN Antiferromagnetic Spintronics: from topology to neuromorphic computing

i

DRESDEN \{ ‘
concept v‘



e O FZU pv, AN —re

DRESDEN matfyz concert Rl

MAX-PLANCK-INSTITUT
FUR CHEMISCHE PHYSIK FESTER STOFFE

Conclusion

« STGM - enabling technique for imaging and writing
« Tested on Mn3Sn thin films:
v' imaging of magnetic contrast in Mn;Sn shown
v writing of magnetic domains in Mn;Sn shown
e Pushing the resolution in progress...
- to domain size resolution?
« Other materials in progress...
- extraordinary versatile technique...
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