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In the recent history of electron microscopy, electron detectors have played critical role, from the
development of charge coupled device (CCD) cameral, which replaced the film as the method of choice
for image recording, to direct detection camera that revolutionized cryogenic electron microscopy?2.
Similarly, the development of fast electron pixel array detectors has generated considerable excitement in
scanning transmission electron microscopy (STEM)3, leading to an assortment of imaging techniques that
are enabled by recording 4D data, namely, the electron wave intensity in the momentum space (kx, ky)
for each probe position in the real space (X, y) (thus 4D-STEM)4. The electron wave intensity is analyzed
and related to sample structure, or electric and magnetic fields that all impact on the electron wave
function. As the speed of STEM pixel array detectors improves dramatically, 4D-STEM increasingly
becomes the method of choice for STEM imaging. New breakthroughs come with single electron
counting, fast readout and large dynamic range. While the detector size (number of pixels) is still relatively
small compared to electron cameras designed for electron diffraction, but the size is significantly larger
than the segmented STEM detectors, used for Center of Mass (COM) imaging, for example5. What is
and is not measured matter greatly for 4AD-STEM. While the detector requirements are relatively modest
for applications such as phase and orientation mapping, where the measurement of a few diffraction spots
in approximate intensity scales often suffices, applications of high precision requires resolution in
momentum space or the measurement of elastic scattering intensity with energy filtering. Examples
include strain mapping, where large format detectors are required, and dynamical inversion, where
filtering of inelastic background is often necessary except very thin samples. Perhaps, the community as
whole has paid less attention to the role of coherence. In this aspect, it is worthwhile to revisit the work
of late Professor John Cowley, who pioneered the technique of electron nanodiffraction (END), using a
focused probe realized in a field emission gun (FEG) STEM as a means for obtaining information on
structural detail, in the range between that of STEM image resolution and the limits of information
possible from elastic scattering6. The probe convergence angle and electron lateral coherence determine
how and where electron interferes, as expressed in following equation in the limit of kinematical scattering
and perfect coherence (1) where is the electron probe wave function and is the crystal potential. The
extent of crystal potential seen by the electron probe is determined by electron lateral coherence length
(Lc), which is determined by the virtual electron source size [ref], and the extent of electron wave function
(Lp), which is determined by the probe convergence angle and lens aberrations. With infinite coherence
length (Lc > > Lp), the convolution in eq. 1 places the reciprocal electron probe wave function on each
reciprocal lattice point, their overlap is the basis for atomic resolution imaging in STEM (Fig. 1). The
interference occurs in the overlapping region between Bragg diffraction disks for Bragg Interferometry.
With finite coherence length (Lc~Lp) or for an imperfect crystal, the reciprocal lattice point broadens, the
resulted overlap of electron probe wave function causes interference at small scattering angles that can
only be resolved at a large camera length. Such interference provides the sensitivity to subtle changes in
crystal structure such as small lattice strain, which is fundamentally different from Bragg interferometry
of STEM imaging. While the reciprocal lattice point broadening is typically observed as diffuse scattering
in selected area electron diffraction, the development of scanning electron nanodiffraction (SEND)
enables the mapping of local structural information. As such, SEND performed with a coherent probe and
a high-resolution detector extends the measurement of local small angle scattering across the length scale
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of hundreds of nm, which makes it a truly exceptional diffraction technique for the characterization of
imperfect crystals.
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Figure 1. Interference in STEM and SEND.
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