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Visualizing Structural Transitions and Electric Potentials via 4ADSTEM
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The ability to determine structural and electric potential dynamics at high spatial resolution is critical for
understanding energy storage and semiconductor device properties. Scanning transmission electron
microscopy (STEM) provides a unique opportunity to perform a large number of different
measurements such as imaging, diffraction and spectroscopy simultaneously, down to the sub-atomic
dimensions [1]. In this work, we will see the use of a four-dimensional STEM experiment to probe light
elements in beam-sensitive energy materials and measure electric fields across GaAs-based p-n
junctions.

In recent times the acquisition of four-dimensional datasets, also known as the 4D-STEM technique, has
become available using direct electron detectors. The 4D-STEM approach utilizes a fast pixelated sensor
acquiring diffraction patterns at each scan point, which allows us to detect structural changes and
electric fields at a high spatial resolution. In this topic, we will see the phase transition region using
aberration-corrected STEM combined with the pixelated detector (pnCCD). Selecting specific regions in
the convergent beam electron diffraction (CBED) patterns and calculating the so-called virtual enhanced
ABF (eABF) images is shown to enhance the contrast of the lighter elements even in relatively thicker
samples [2].

Another benefit of the pixelated detector is that the angular dependence of the scattered intensity is
directly observable, which is of particular importance since any field inside a sample deflects the
electron beam. This could be either the longer-ranging electric fields across heterointerfaces or atomic-
scale electric fields induced by the Coulomb potentials of the atoms [3], [4]. By combining in-situ
biasing with the 4D-STEM technique, we will observe the influence on the depletion region in the
GaAs-based p-n junction (refer to Figure 1). Here, the momentum transfer induced by internal electric
fields is measured by the diffraction pattern's center-of-mass (COM) shift [5].

This talk aims to expand the developed methodology to full solid-state battery materials. In addition to
obtaining the atomic/ electronic structure, chemistry and defect distribution, the projected electrostatic
potential can be determined by tracking the phase shift of the electron beam. This will enable us to
investigate the role of space-charge models at high-spatial resolutions of the more complex
heterointerfaces and grain boundary potentials [6, 7].
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Figure 1: Hllustration of a 4D-STEM set up (a) having converged beam passing through a GaAs-based
p-n junction model system. The direct electron detector mounted at the bottom can detect COM-shift in
milliradian range. (b) shows a Scanning Electron Microscope (SEM) image of a GaAs-based device
fabricated on a MEMS chip for in situ experiments. (¢) A COM-shift map data acquired by a direct
electron detector showing maximum shift angle at the p-n junction, showcasing long-range electric
fields.
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