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Challenges in crystallogophy of atomically-thin 2D crystals:
• Small sampling area. Commonly mechanically exfoliated using 

scotch tape method limited the sampling size to a few µm.
• Thin. Usually, a few Å to a few nm in thickness, which requires 

the characterization technique to be extremely sensitive to 
surface atomic structures.

• Various 2D materials are unstable, thus requires probing 
technique to be non-destructive.

Conclusions
• μLEED-IV was applied to study the crystal structures of various 2D materials, with sub-Å precision.
• Lattice structural variations are distinct in atomically thin 2D materials, comparing to their parent bulk crystals.
• Twisted 2D systems present unique platforms to study quantum well, confinement, localization and potential applications in QIS.
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Low Energy Electron Microscopy (LEEM) and Diffraction

• in situ imaging, resolution: up to ~ 2 nm
• Field of view: 1 ~ 50 µm
• Low  beam energy: 5 ~ 150 eV 

Experiments 

Aberraion -corrected LEEM system

Results

Prof. Karsten Pohl Scholarship Fund needs your help!

Motivations

TCI SnSe, Sn- or Se- termination?

• Surface structure of newly MBE grown SnSe
thin film was characterzied to be Sn-terminated 
with oscillatory surface relaxation

• Electronic structure was measrured using 
ARPES. The observed Dirac surface state is 
shown to yield a high Fermi velocity which 
potentially may lead to high-speed electronic 
devices and spintronic applications.

30°twisted bilayer graphene

Quantum spin liquid candidate: α-RuCl3
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Black phosphorus surface buckling

μLEED pattern at selected area E=95 eV

Local μLEED-IV Extraction

Scattering of the electrons by a single 
atom is calculated first

Then the atoms are arranged to form an atomic 
layer for which layer

diffraction matrices are computed

Layers are stacked to a crystal to yield
the total reflection matrix of the surface

Low energy e- (5-100eV)

The electron multiple scattering IV calculations are 
based on the muffin-tin model of the crystal potential

The detailed surface atomic structure was 
determined for the first time experimentally. 
Surface buckling on BP was found to be 
around 0.2 Å.
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LEEM image at E = 17 eV. FOV = 30 µm. 
Sample: Multi-layers MoS2 flakes
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