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Scanning Tunnelling Microscopy

With an STM you can:
1. Measure the density of states locally (LDOS)
2. Fix the current, measure topography 𝐼 ∝ 𝑒−𝑥/𝑙

In the following, 𝑇 = 500 mK 50 μV
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Magnetism and Superconductivity
Phys. Rev. Lett. 1, 92, 1958

also: J. H. van Vleck - Nobel Lecture

https://www.nobelprize.org/uploads/2018/06/vleck-lecture.pdf
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Structure of the Journal Club

•  

•  

•  

Yu-Shiba-Rusinov states

Yu-Shiba-Rusinov bands

Crystalline Topological Superconductivity

• Single atom of Cr on Nb   

• Lattices of Cr atoms on Nb 

• Theory work



The isolated chromium atom

𝑑𝑧2 𝑑𝑥𝑧𝑑𝑦𝑧𝑑𝑥𝑦 𝑑𝑥2−𝑦2
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Surface preparation and Cr deposition

• Cr atoms (bright spots) on 
Nb(110) (blue surface)

• Preparation of the surface: 
> 2000 ℃ [1]

• Atomic manipulation: 
constant current 70 nA, 
𝑉𝑠 = −5 mV,

Topographic contrast (constant current)

[1] Odobesko, A. et al., Preparation and electronic properties of clean superconducting Nb(110) surfaces, Phys. Rev. B 99, 115437, DOI

https://doi.org/10.1103/PhysRevB.99.115437


Single Cr atom on Nb (110)
Spectra on Cr atom

Spectra on Nb surface

Spatial character can be obtained by fixing the sample 
bias and scanning the region nearby the magnetic atom

𝐼 = 500 pA; 𝑉sample = −5 mV; 𝛿𝑉 = 50 μV

*no scale reported



Crystal lattices explored
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Two lattices created with Cr atoms

• Spin polarized 
STM

• Alternating spin 
contrast

• Antiferromagnetic 
ground state

𝑎 [001] = 0.66 nm
𝑏 [1ത10] = 0.93 nm

𝑎 [1ത1ത1] = 0.85 nm
𝑏 [1ത11] = 0.85 nm

Spin resolved STM in constant height mode, B = 0.7 T

𝐼 = 500 pA; 𝑉sample = −3 mV; 𝑉tip = 0.33 mV;   𝛿𝑉 = 80 μV



Crystal lattices explored
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• Position dependent spectrum
• Toward edge stronger spectral intensity at low energies with respect to the bulk
• Asymmetric around 𝐸𝐹: particle-hole asymmetric 

Corners, Edges, Bulk: rectangular lattice



Corners, Edges, Bulk: rectangular lattice

• Position dependent spectrum
• Toward edge stronger spectral intensity at low energies with respect to the bulk
• Asymmetric around 𝐸𝐹: particle-hole asymmetric 



• Bulk properties 
termination 
independent

• Edge modes are 
termination 
dependent

• Gapped spectrum

Corners, Edges, Bulk: rectangular lattice



Crystal lattices explored
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Corners, Edges, Bulk: rhombic lattice

• Gapless 
spectrum

For reference, the rectangular lattice



Lattice effect on the bulk properties
gapped gapless



Theory

• Single orbital tight binding models (𝑑𝑧2)

• Nearest-neighbour
• Next nearest-neighbour
• Rashba spin orbit coupling
• s-wave superconductivity of the substrate
• antiferromagnetic ordering of the magnetic 

moments of the Cr adatom



Symmetries • Symmetries: (𝑀𝑥 , 𝑀𝑦)𝒯, 𝒞 (𝐶2 = 𝑀𝑥𝑀𝑦)

• Four paths are left invariant under action of the 
symmetries (BDI − ℤ)

• Geometry dependent bulk-boundary 
correspondence

Zero energy DOS



Take home messages

• Lattice terminations play a role in the emergence of distinct boundary 
modes

• If crystal symmetry is involved, a geometry dependent bulk–boundary 
correspondence arises

This does not hold always Example:

but not last slide
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