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In situ transmission electron microscopy (TEM) experiments are typically recorded either in real space or
diffraction space [1]. However, it would be ideal to have both real and diffraction space for when transient
events occur that cannot be repeated exactly (ie- defect generation or irreversible phase transformations).
Real space imaging provides context for these transient events by spatially-resolving microstructural
features to one another while diffraction space provides better structural clarity about phase identification
and lattice parameters.

Four-dimensional scanning transmission electron microscopy (4D-STEM) [2], can come close to
providing both simultaneous real-space imaging and diffraction analysis during in situ testing. For
example, with the advent of fast direct electron detectors it is possible to perform strain mapping via
diffraction pattern analysis during in-situ deformation in a TEM with the precision of a few nanometers
without stopping the experiment [3,4]. Images of the same overall experiment can then be formed using
virtual apertures applied to the accumulated diffraction patterns [5]. The resolution and quality of
the reconstructed images in these experiments is typically limited by the size of the probe. For example,
in order to form diffraction spot patterns for strain analysis a probe size of ~1nm is typical and therefore
the virtual bright field or virtual dark field images are not at the same resolution as a typical STEM image
or diffraction contrast TEM image. However, the reconstructed virtual image quality is still usually good
enough to identify line defects in materials (and even analyze defect character by performing g dot b
analysis from a single data cube of diffraction patterns). The frame rate of the virtual images from a
4DTEM experiment is necessarily slower than the maximum speed of the detector, since the frame rate of
the images is a function of the camera frame rate, field of view and step size of the probe.

This talk will highlight recent in situ 4ADSTEM experiments that explore transient events where both
information from diffraction space and real space are used. The diffraction patterns are used to identify
different phases, orientations and relative strain, while the images formed by using virtual apertures
provide microstructural context for the analysis. Example experiments include defect generation and
interactions in metals, [6], local strain evolution in bulk metallic glasses [6,7], and structural
transformations in functional oxides under deformation [8,9,10].
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