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Objectives

FGT/WSe2/Al2O3

Research Results 

EFRE 
➢ Application Laboratory Electron Tomography, EFRE 1.8/06 (2017-2026)

DFG
➢ Artificial quantum states on semiconductor surfaces created and 

probed by cryogenic scanning tunneling microscopy (2024-2027)

Large Scale Research Facilities
➢ Peer-reviewed beamtime access at European synchrotron radiation

facilities

Submitted DFG (2025):
➢ Elasto-plastic behavior of two-dimensional, weakly bonded van der 

Waals materials, HA3495/11-1

➢ Dislocation Trapping Interfaces for reliable III-V devices grown on 

Silicon, (ANR-DFG), TR446/7-1

➢ Growth and Characterization of Emerging Ga(As,Bi,N) Semiconductor 

Alloys on Silicon

Publications  

2023  17 

2024  18

2025   currently 11   

PhD students in progress

Reis, Anna: Strain dynamics and local coordination in ternary group-III sesquioxides

investigated by synchrotron-based x-ray diffraction and spectroscopy

Paysen, Ekaterina: Electron tomography for investigating morphology and chemical width of

 heterointerfaces

Graser, Karl: Transmission electron microscopy on dislocation reduction in III-V on Si 

heterostructure 

Kumar, Hitesh: Cryogenic scanning tunneling microscopy of two-dimensional 

semiconductors and III-V heterostructures

Master student in progress

Karadag, Murat: Monte-Carlo-Simulationen zur Analyse räumlicher Auflösung in der 

Elektronentomographie

Visiting scientists
Kimvy Hagen (U Strassbourg)

Allison McMinn (Arizona State U)

Senior scientists
Stefan Fölsch

Michael Hanke

Esperanza Luna

Achim Trampert
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(a) Building principles of epitaxial interfaces

➢ Strain, crystal symmetry, bonding character at the interface

➢ Epitaxial heterointerfaces, e.g. III-V/III-V, and III-V/IV

➢ Interfaces of functional materials, e.g. oxides, 2D magnetic films

Applied Methods

✓ In-situ synchrotron X-ray diffraction (PHARAO@BESSYII, ESRF, PETRAIII)

✓ Scanning tunneling microscopy and spectroscopy (LT-STM Lab) 

✓ Transmission electron microscopy and interface tomography (BALET)

(b) Real structure and mechanical properties

➢ Epitaxial relation and defects in 2D layered materials and heterostructures

➢ Composition fluctuations and off-stoichiometry

➢ Elastic properties and plasticity of low-dimensional systems

➢ Atomic structure of intercalated 2D metal layers

Applied Methods

✓ High-resolution, conventional and analytical transmission electron microscopy

✓ Synchrotron-based x-ray diffraction, in-situ (PHARAO)

✓ Nanofocused XRD (European Large Scale Facilites: ESRF, PETRAIII)

✓ Numerical analysis using Finite Element Method

✓ Scanning tunneling microscopy and spectroscopy (LT-STM Lab) 

(c) Order-disorder phenomena and phase transitions

➢ Ordering phenomena, phase transitions in metastable alloys

➢ Structural phase transition in epitaxial systems

➢ Chemical disorder in ternary semiconductors

Applied Methods

✓ In-situ X-ray diffraction (PHARAO@BESSYII)

✓ In-situ transmission electron microscopy and electron tomography (BALET)

✓ Scanning tunneling microscopy and spectroscopyy (LT-STM Lab) 
High-angle annular dark-field STEM image of the Ga2O3/Al2O3 interface 
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➢ Provide precise information on the structure, composition, and electronic properties with high sensitivity and spatial resolution

➢ Development and application of sophisticated experimental and modeling tools

Clarify fundamental structure-property relation in low-dimensional systems
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Cross-sectional STM of a nearly lattice-matched III-V heterostructure

Topography image of the cleavage

surface

Local chemical disorder in AlGaSb
Grazing incidence X-ray diffraction (ESRF) of WSe2/Al2O3 and FGT/WSe2/Al2O3  
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Research Group

BESSYII 
(Helmholtz-Zentrum Berlin)

BALET: Berlin Appl. Laboratory Electron Tomography The PHARAO Experiment at BESSYII

A unique Collaborating Research Group beamline

operated by PDI

Topical Research Focus
➢ Epitaxial growth modes, e.g. transition metal oxides

➢ Structural analysis of interfaces and layer stacks, phase transitions

Objective: Development of electron tomography method  

 Application to semiconductor research and technology

Method: 

Image series -> 3D reconstruction -> topography map of interface
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➢ Low-dimensional systems

➢ Interfaces 

▪ Roughness

▪ Lateral correlation length

▪ Intermixing and interface width

➢ Point defects

In-situ observation of strain formation V2O3/Al2O3

STM tip

III-V semiconductor surface
(side view)

4 K

UHV

Very high stability, low thermal drift:

➢ z noise level well below 1 pm

➢ Lateral drift < 50 pm per hour

Low-Temperature Scanning Tunneling Microscopy & 

Spectroscopy Lab

Atomically resolved surface

topography information

Local spectroscopy probe:

electronic density of states,

inelastic excitations

Experimental setup                                                             Capabilities

Collaborations

NTT BRLNRL XJU

Adatom

Creating nanostructures by

atom manipulation

CReA Nanoanalytic Signature Labs

Unique Features
➢ In-situ synchrotron-based X-ray diffraction

➢ Investigation of growth dynamics

Epitaxial relationship of 2D heterostructures

Morphology of linear graded

GeSi/Si interface

Plastic strain relaxation in epitaxial m-plane -Ga2O3/Al2O3

Epitaxial stress distribution

in relaxed thin films

Single vacancy in graphene

STM topography image DFT-based simulation

FEM calculation of in-plane strain

Isosurfaces: Roughness along linear graded interface
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