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Faraday’s iron filings

2M. Faraday, ca. 1830s
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Scanning tunnelling spectroscopy on atomic-scale
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Magneto-optical imaging of local spin-polarization

4Kato et al., Science 306, 5703 (2004).
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Lorentz microscopy of skyrmion crystals

5Yu et al., Nature 465, 901 (2010).
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SQUID microscopy of edge currents

6Nowack et al., Nat. Phys. 12, 787 (2013).



Energence of 2D materials and vdW heterostructures

Liu et al., Nat. Rev. Mater. 1, 1 (2016)
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Energence of 2D materials and vdW heterostructures

Liu et al., Nat. Rev. Mater. 1, 1 (2016)
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Correlated states in atomically layered materials
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How to decipher the mechanism behind these phenomena? 

Map weak magnetic field patterns with high spatial resolution

Mitchell & Palacios Alvarez, Rev. Mod. Phys. 92, 021001 (2020) 10
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Idealized signal sources
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MFM achieves down to 10 nm resolution

15

Schwenk, Ph.D. Thesis in Physics, University of Basel (2016).

Schmid et al., Phys. Rev. Lett. 105, 197201 (2010).
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NWs with magnetic tips

16Rossi et al., Nano Lett. 19, 930 (2019).
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MFM



ZI Applications
www.zhinst.com



ZI Applications
www.zhinst.com

19



ZI Applications
www.zhinst.com

Pick-up loop scanning SQUIDs

20

SQUID

Koshnick et al., APL 93, 243101 (2008)
Kirtley et al., RSI 87, 093702 (2016)

 Spatial resolution ~ 1 μm 
 Field sensitivity ~ 130 nT Hz-1/2

 ~ 400 nm to the sample
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Intial results show great potential
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Scanning SQUID Microscopy
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SSM
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Scanning Nitrogen-vacancy Center Microscopy (SNVM)

Sensitivity down to 
100 nT/(Hz)1/2

Spatial resolution 
down to 10 nm

25
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Imaging current with SNVM

26Chang et al., Nano Lett. 17, 2367 (2017).
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Scanning NV microscopy of 2D magnets

27Thiel et al., Science 364, 973 (2019).
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Scanning NV Microscopy
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SNVM
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Contrast & Techniques

Current density 𝐽𝐽

Magnetization 𝑀𝑀

Magnetic field 𝐵𝐵

SSM

Magnetic flux Φ𝑧𝑧

SNVM

Magnetic field component 𝐵𝐵𝑧𝑧

MFM

Magnetic field derivative 𝜕𝜕𝐵𝐵𝑧𝑧
𝜕𝜕𝜕𝜕
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Probe-sample Spacing
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Sensor Size
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Properties
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Sensitivity as a function of feature size
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