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Abstract

Owing to the development of aberration correctors in (scanning)
transmission electron microscopy (S/TEM), local atomic structure
analysis of materials has become a daily practice. However,
because of the strong interactions between the sample and
electrons, irradiation damage is frequently problematic, especially
for so-called beam-sensitive materials such as porous, battery, and
polymer materials. The atomic structure of these materials is
easily broken by illuminated electrons, and direct observation is
limited at higher magnifications. In the early 2010s, a high-speed
segmented-type STEM detector was developed and advanced
STEM techniques were subsequently implemented [1,2]. The
segmented detector has multiple divided detection areas, and the
corresponding STEM images are recorded simultaneously, where
richer sample information is obtained compared with the
conventional annular detector. We then developed a highly dose-
efficient STEM imaging technique using a segmented detector as
the optimum bright-field (OBF) STEM [3]. In OBF STEM, multiple
STEM images simultaneously acquired in the segmented detector
channels are assembled via weighting coefficients, which are
calculated using phase contrast transfer functions (PCTFs) [4] and
STEM noise evaluation theory [5]. The reconstructed OBF image
has a dose efficiency that is approximately two orders of
magnitude higher than that of conventional phase-contrast STEM
techniques, and live OBF STEM imaging is also applicable via real-
time reconstruction. We applied this method to zeolite, a popular
but beam-sensitive porous material [6]. Zeolite has a framework
structure consisting of SiO, tetrahedra, and low-dose OBF STEM
successfully observed the atomic structures directly for the Si and
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O sites. In addition, we observed a lattice defect and absorbed
cations inside the zeolitic frameworks, demonstrating the
capabilities of OBF STEM as a low-dose atomic-resolution imaging
technique.
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