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Abstract: 
In this seminar, I will primarily cover three topics 
related to transmission electron microscopy (TEM) and 
scanning TEM (STEM).  The first is the implementation 
and development of atomic electron tomography 
(AET), where we can measure the three-dimensional 
position and species of every atom in a nanoscale 
sample, even over a time series. Our initial AET 
experiments have all been performed using annular 
dark field (ADF)-STEM, and I will discuss the strengths 
and weaknesses of this imaging mode for AET. One of 
the primary weaknesses of ADF-STEM is the poor 
electron dose efficiency, which is why we have also 
developed an atomic-resolution tomography 
reconstruction method for phase contrast plane-wave 
TEM. Our method directly tackles multiple (dynamical) 
scattering, one of the hardest problems in optics. 
 
The second topic I will discuss is how modern high 
speed direct electron detectors have enabled many 
new experimental methods that fall under the umbrella 
of 4D-STEM, where a 2D image of the diffracted 
electron beam is recorded at a 2D grid of probe 
positions. 4D-STEM enables measurement of atomic-
scale information about a sample’s structure, 
orientation, deformation, composition, three-
dimensional defect crystallography and more. I will 
also discuss phase contrast implemented using 4D-
STEM, for 2D and 3D imaging of weakly scattering 
samples.  I will also demonstrate a new simulation 
algorithm targeted at 4D-STEM named PRISM that is 
orders of magnitude faster than the multislice method. 
 
Finally, I will show how we plan to apply exciting ideas 

from the field of quantum metrology (QM) to TEM and 
STEM instruments. Once we have highly-optimized 
microscope hardware, and have implemented phase 
contrast incorporating advanced computational 
imaging, the final barrier for low dose imaging is the 
“shot noise limit,” where the Poisson noise statistics 
limit the achievable signal-to-dose ratio. Surprisingly 
however, this limit can be surpassed using QM. I will 
show calculations of how implementing these methods 
into TEM can reinvent it as a quantum electron 
microscopy (QEM), which can image past the shot 
noise limit to approach the true physical limit of 
imaging – the Heisenberg limit. 
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