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Abstract of Research Project

Today, in-plane spatial resolution of electron microscopes reaches the 0.1 nm, which allows direct observation
of atoms. However, the depth resolution is restricted to about 10 nm, caused by the intrinsic nature of the
electron optical system. To resolve this restriction, and to get 3D images of the sample, tomographic electron
microscopy has been introduced, in which a rotated image series is used to reconstruct 3D images using 3D
sample rotation holders. In this technique, it requires rotated image series of very long depth of field. However,
phase information of the sample, which is very important for the high-resolution electron microscopy, has the
nature of the contrast inversion for change in defocus, and it makes very difficult to reconstruct 3D phase images
by this tomographic technique. This is the main reason that the tomographic phase microscope of the 1nm
spatial resolution is unrealizable. On the other hand, we have already pointed out that the phase image with very
long depth of field can be observed by the use of the oblique illumination and image processing techniques.

The present study aims to create the new microscopy to observe 3D phase distribution of the sample (3D phase
images) under the spatial resolution of the 1nm or less. To construct a new nano-phase tomographic STEM,

1) A main frame of STEM (scanning transmission electron microscope) with the precise 3D sample rotation

holder, which equipped a very high brightness electron gun and a compact aberration correction system, and,
2) A new phase image reconstruction system of extended depth of field by the use of the annular illumination, an
array detector and a parallel image processor,

will be developed in the present study using domestic technologies. This new microscope will be applicable to
various fields, such as the 3D visualization of local stacking faults in semiconductor crystals for blue color LED
and the 3D nano-scale structure analysis of protein molecules.




