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New Topological Insulators (TI) quantum materials with fascinating properties has caused great excitement and promises to
transform device design and computation. Remarkably, some of the quantum phenomena displayed by these materials now per-
sists at room temperature, opening the way for usable devices. We have done studies for example of TT’s such as BagNb;{S,5 [1].
This material naturally realizes vdW coupled heterointerfaces between transition metal dichalcogenide (TMD) monolayers (hex-
agonal NbS,, H-NbS,) and insulating spacers Ba;NbS;s. Low Energy Electron Diffraction (LEED) taken along the c-axis shows
that the hexagonal spacer and TMD layers, are commensurate. The electronic band structure can be understood as that resulting
from superimposing a periodic potential defined by Ba;NbSs onto monolayer H-NbS,. This is the mechanism which yields flat
energy bands and correlated physics in twisted-bilayer graphene and TMD heterostructures and is one of the key advances in
the prediction of band structure and properties.

We examine these materials with STEM and photoemission methods. Low/Photoemission Energy Electron Microscopy (L/
PEEM) and ARPES. LEEM is a low- energy electron probe method that allows fine surface(S) probing down to several layers.
We show that new approaches to probing methods can show that behaviour is a consequence of the underlying symmetry prop-
erties of the multi-layer system, lattice such as in the spin-orbit coupled ferromagnetic state. Analysis of TI quantum materials
presents new challenges on how to minimize surface and sample damage and new approaches to corelate materials properties
with the layered 2D structure, research with multi-modal and electron and photoemission probe techniques will be shown in
this presentation. Improvements in aberration correction and next-generation electron detectors have brought profound advances
to transmission electron microscopy, enabling sub-Angstrom imaging and electronic structure measurements of hard materials
and the ability to image biological structures with better than two-Angstrom resolution.

Over the last 14 years our group has investigated structure and properties related to quantum materials for example, [1-3].
During this time working on very differing materials and atomic composition we have by necessity developed methods to handle
and protect these materials. These techniques have ranged from air-isolated handling to sample preparation techniques that en-
deavour to preserve structure and function of the materials being studied. The surplus of information now extends imaging mo-
dalities beyond conventional bright-field and annular dark-field signals. It is now possible to extract electromagnetic fields within
the sample, projected atomic-potential maps, local strain, 2D material stacking, and crystalline orientation [4].
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Fig. 1. Coupled heterointerfaces between transition metal dichalcogenide (TMD) monolayers (hexagonal NbS,, H-NbS,) and insulating spacers BasNbSg
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Fig. 2. Air Isolated transfer station located in a Argon filtered glovebox. This allows for swapping samples through the sample exchange ports on the left
side. (Glovebox is made by Vac industries).
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