Scanning magneto-thermoelectric detection
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ANTIFERROMAGNETS

GHz in ferromagnets

Fast (THz) dynamics:
switching, domain wall motion
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Electrical DETECTION: Anisotropic Magnetoresistance (AMR)

= CuMnAs / Mn,Au: Electrical switching between AF states by SOT

(Locally broken inversion symmetry)

CuMnAs

biaxial switching AMR for detection
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Elc@ptical DETECTION: Magnetio Lmbkargbicimmeisatance (AMR)

- Electrical pulse experiment in
Biaxial CuMnAs
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DETECTION: Uniaxial Switching (180° Néel vector reversal)

CuMnAs UniaxialTuMnAs
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WANTED: ALTERNATIVE (cheap) table-top DETECTION METHOD
Generate locally temperature gradient and
measure globally electric response.

laser

Focused laser-spot heating

temperature gradient
Gaussian full-width half-maximum resolution:




ALTERNATIVE table-top DETECTION METHOD
Generate locally temperature gradient and
measure globally electric response.

AFM-Cantilever

Near-Field (SNOM) Nanoscopy

temperature gradient
Gaussian full-width half-maximum resolution:
~ 10-20 nm
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ALTERNATIVE table-top DETECTION METHOD
Generate locally temperature gradient and
measure globally electric response.
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ALTERNATIVE table-top DETECTION METHOD
Generate locally temperature gradient and
measure globally electric response.

{M,|r=c/2}

AFM-Cantilever ¢

L_

- AF’s with NO AHE:
e.g., collinear CuMnAs

/ ‘ v.T @

- AF showing AHE, MOKE, ...,
e.g., non-coll. Mn;Ge(Sn)
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Anisotropic TH Anomalous Nernst effect
magneto-thermo power Epar = -Nape VT X P
(thermoeleCtriC equivalent to the AMR) (thermoe|ectric equiva|ent to

the anomalous Hall effect)



SEEBECK Effect
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Thermoelectric signal in CuMnAs bars

Resulting thermoelectric signal
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Current polarity dependent switching
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Current polarity dependent switching

Cross bar geometry
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Current polarity dependent switching

(a)

Jp=8x10%° A/m?
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Current polarity dependent switching

Figure 2 : Soap-bubble-like domain wall expansion.

From: Inertial displacement of a domain wall excited by ultra-short circularly polarized laser pulses
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CuMnAs with uniaxial anisotropy: 180° Neel magnetic DWs
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AF with uniaxial anisotropy: 180° Neel magnetic DWs

PEEM XMLD Longitudinal Anisotropic Magneto-Seebeck Effect
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AF with uniaxial anisotropy: 180° Neel magnetic DWs
Longitudinal Anisotropic Magneto-Seebeck Effect
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AF with uniaxial anisotropy: 180° Neel magnetic DWs
PEEM XMLD o~ Longitudinal Anisotropic Magneto-Seebeck Effect
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AF with uniaxial anisotropy: 180° Neel magnetic DWs
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AF with uniaxial anisotropy: 180° Neel magnetic DWs

PEEM XMLD Anisotropic Magneto-Seebeck Effect
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AF with uniaxial anisotropy: transversal temp. gradient

transverse AMS effect (“planar Hall effect”)
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AF with uniaxial anisotropy: transversal temp. gradient

PEEM XMLD g Planar Hall effect (transverse AMS effect)
L : m VTH/\ E
;7f§ \\~—// V;v L

: TN
3 il )
b o
s W N
laser \

Nearfied
Nanoskopy

r0.3
Scanning
| |too Laser Spot




LARGE CURRENT PULSES: Shuttering large domains into multiple small domains
(related to talks on Monday from T. Jungwirth and K. Olejnik)

XMLD-PEEM AMS effect measured with foscused Laser spot
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Ry 1w (Ohm)

SOT bipolar switching

Jp=1.6 x 107 Alcm?
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Jp=2.8 x 107 Alcm?

Thermal (unipolar) switching
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Summary

SCANNING MICROSCOPY based on the magneto-anisotropic Seebeck effect

- Wavelength restricted “far-field” and high-resolution “near-field” technique

OBSERVATION:

- Effect of patterning on the antiferromagnetic domain structure in CuMnAs bars

- Reversible and current polarity dependent SOT switching showing correlated

resistance variations in CuMnAs films with uniaxial and biaxial magnetic anisotropy

- Shattering of large antiferromagnetic domains by high magnitude current pulses

Thank you!



