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Unraveling the correlations between atomic structure and properties of materials requires 
resolving the locations and chemical types of all the atoms that make up the structure. 
Imaging using high-angle scattered electrons in aberration-corrected scanning transmission 
electron microscopy (STEM), also refers to high angle annular dark field imaging (HAADF), 
allows giving atomic resolution images that can be directly interpreted over a wide range of 
specimen thicknesses. However, the image contrast is strongly dependent on the atomic 
number Z, which makes it difficult to obtain information on the structural arrangement of the 
light elements in materials which contain the light and heavy elements at the same time [1, 2]. 
Therefore, one effective strategy to enhance contrast from light atoms is to develop new 
imaging method which can weaken Z-dependence of image contrast so that light and heavy 
elements are visible simultaneously. The recently established annular bright-field imaging 
(ABF) using an annular detector located within a bright-field momentum range in 
aberration-corrected STEM has made direct imaging of light element come true, providing an 
unprecedented opportunity to reveal the configuration of light atoms which play a non-trivial 
role in relevant materials [3, 4]. 
 
Figure 1 shows the geometry of annular-bright-field imaging in aberration-corrected STEM, 
wherein an electron probe with convergent semi-angle α is focused to sub-angstrom 
dimension and scans across the specimen, and an ABF detector at the post column subtends a 
detecting angle range q. The lithium and oxygen ions in LiFePO4, an important cathode for 
lithium ion battery, were clearly resolved, demonstrating the robustness of ABF imaging 
method. In this talk, we will present our recent efforts toward direct imaging of the lights 
atoms (e.g. Li, O, and Na) in electrode materials for rechargeable batteries and probing their 
atomic-scale structure evolution under different electrochemical states [5-8].  
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Figure 1. Schematic illustration of annular-bright-field imaging geometry. An electron probe 
with convergent semi-angle α is focused to sub-angstrom dimension and scans across the 
specimen. An ABF detector at the post column subtends a detecting angle range q. A 
demonstration of lithium and oxygen sites within a LiFePO4 crystal along the [010] 
orientation is also shown. 
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