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From Convergent Beam Electron Diffraction to 4D-STEM: New opportunities for 

revealing structure at the atomic scale 
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Over the last half century, convergent beam electron diffraction (CBED) [1,2] has been established as an 

important technique for acquiring specimen information, such as thickness, lattice parameters, strain, 

space group, structure factor amplitudes [3] and phases [4,5] and bonding charge density distributions [6]. 

This information is generated via multiple, dynamical electron scattering and is stored in the angular-

dependence of the scattered intensity distribution, which is acutely-sensitive to structure and bonding. 

CBED is at the heart of every scanning transmission electron microscopy experiment (STEM). In STEM, 

an electron beam is scanned across the specimen, and at each position of the electron probe, a CBED 

pattern strikes the STEM detector in the back-focal plane. Conventional, fast read-out STEM detectors 

are in the shape of a disc or annulus, offering extremely limited angular resolution, thus ‘losing’ much of 

the detailed specimen information available in the CBED pattern. More recently, relatively slow but highly 

pixelated detectors have enabled the whole CBED pattern to be recorded with much higher angular 

resolution [7-10]. This powerful new capability provides access to much more of the information available 

in the CBED pattern. Furthermore, it enables this information to be measured from each probe position 

and mapped across the specimen. This is currently known as a 4D-STEM experiment [11] but, as pixelated 

detectors increase in speed, it will likely become the standard operating mode and just called “STEM”. 

This new capability is being exploited in many ways, from the measurement of polarity to the study of 

beam sensitive materials to pushing the limits of resolution [11]. 

In this talk, we will discuss how to harvest selected parts of the CBED pattern to generate ‘images’ that 

are sensitive to the information we are seeking about a specimen. This includes counting atoms, 

identifying surface ad-atoms, measuring local displacements of atoms, mapping specimen symmetry and 

imaging defects using symmetry information [12]. This is illustrated with applications to functional 

materials, including plasmonic nanoparticles and functional perovskites and oxides. 
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