Atomic potential reconstruction from DPC signal of thick specimens
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In scanning transmission electron microscopy (STEM), differential phase contrast (DPC) imaging has been
utilized to visualize electromagnetic fields inside materials [1]. In DPC STEM, electron-beam deflection due to
electromagnetic fields is detected by a segmented/pixelated detector at each probe position. Recently, DPC
imaging at atomic resolution is possible by an aberration-corrected STEM. Phase contrast transfer function
(PCTF) for DPC has been defined [2], and thus DPC signal is qualitatively related to the true electromagnetic
fields under the weak phase object approximation (WPOA). The linear approximation was extended to strong
phase objects by detecting the center-of-mass (CoM) of diffraction intensity [3,4]. While a segmented detector
can only produce approximated CoM, accurate measurement for strong phase objects is possible by combining
PCTF concept if the specimen is monoatomic case [5,6]. However, quantification of electromagnetic fields in
thick specimens is still challenging for pixelated/segmented detectors. In this study, we aim to develop an
iterative method to reconstruct the quantitative potential from DPC images of thick specimens.
In thick specimens, two major effects arise: the probe propagation and the multiple-scattering. Even if the
multiple scattering is negligible, the conventional quantification techniques do not work accurately for thick
specimens because the typical thickness of specimen is comparable to or thicker than the depth of field in
aberration-corrected conditions. To take this effect into account, we propose a new type of PCTF (integrated
PCTF: iPCTF), which is defined by summation of conventional PCTFs of each atomic slice. Note that each PCTF is
accurate even for strong phase objects if the (approximated) CoM is measured. Fig. 1 shows iPCTFs with various
thicknesses for the CoM measurement. Although DPC signal is expected to linearly increase with thickness under
the conventional (W)POA, the calculated iPCTFs show nonlinear increment of contrast due to the probepropagation effect. To test validity of the iPCTF approximation, multi-slice simulations were carried out for Si
diamond structure. Fig. 2a,b shows the field strength based on the simulated DPC at thickness of 10 nm and its
reconstructed potential based on the iPCTF approximation. Apparently multiple scattering affect the DPC signal
and its reconstruction. This effect can be removed by an iterative method. The iteratively reconstructed potential
is shown in Fig. 2c. The multiple-scattering effect appears to be removed. The details of the iterative algorithm
will be discussed in the presentation.
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Figure 1. Imaginary part of iPCTFs with various thicknesses. The spatial frequency is normalized by the
information limit.

Figure 2. (a) Projected field strength map of Si along [110] axis based on the DPC signal simulated by the multislice method. (b) Reconstructed potential based on the iPCTF approximation. (c) Reconstructed potential by the
iterative method.

