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Supplementary Figure 1. Experimental Ronchigram obtained from an amorphous
carbon film. It is clear that the flat phase region extends up to 26 mrad in semiangle
(shown by the red circle).



Supplementary Figure 2. The Fourier transform of the averaged GaN [111] ADF
STEM image shown in Fig. 3a. It confirms information transfer to the 330 (0.92A)
spacing.



Supplementary Figure 3. ADF STEM images of a low-angle grain boundary in a grain-
oriented silicon steel sheet (Fe-3%Si). (a) Low-magnification ADF STEM image
showing the presence of a grain boundary. From the diffraction analysis, this grain
boundary can be considered as a mix-type low-angle grain boundary. This low-angle
grain boundary has both tilt and twist components, making it difficult to precisely align
the crystal axes of both grains simultaneously. (b) Magnified image of the grain boundary.
It is seen that the lattice is mostly continuous across the grain boundary. (c) FFT filtered
image obtained from the white rectangular region shown in (b). As indicated by the arrow,
there is a dislocation having an edge component. Thus, this grain boundary is composed
of dislocations to accommodate orientation mismatch between the two grains.
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Supplementary Figure 4. The relationship between the defocus change and the energy
shift of incident electron beam.



Year Resolut | TEM or | Aberration Accelerati | Manufacturers | Ref. no
ion (A) | STEM | correction | ng voltage
kV)

2008 7.7 TEM N/A 200 JEOL 1

2009 7 TEM Cs correction 300 FEI 2

2012 5 TEM Csand Cc 300 FEI 3

correction

2014 5 TEM Cs correction 300 Hitachi 4

2015 5 STEM | Cs correction 200 JEOL 5

2015 2.4 TEM Cs correction 1200 Hitachi 6

2017 6 TEM Cs correction 300 FEI 7
Present 0.92 STEM | Cs correction 200 JEOL -
results

Supplementary Table 1. Previously reported attainable spatial resolution in magnetic
field free transmission electron microscopy.




Lens type Cs (mm) | Cc (mm) focus length
(mm)
The previous Lorentz-type objective 95 18.6 17
lens system
The present objective lens system 16.9 3.45 3.14

Supplementary Table 2. Comparison between the previous JEOL Lorentz lens!® and the
present objective lens. It should be noted that this previous Lorentz type lens is not
designed for ultra-high resolution imaging. It is clear that all the lens parameters are
significantly improved in the present objective lens system, especially the much shorter
focal length for large demagnification, which is essential to obtain a stable, noise-tolerant,
atomic-size electron probe for STEM.
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