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Bessel beams maintain a narrow beam width over long distance because they propagate without diffractive 
spreading [1]. We can create a fine probe with large focal depth in an electron microscope using the beams 
with the above feature. Since conventional electron microscopy has short focal depth with increasing an 
aperture angle, electron Bessel beams are promising for atomic-resolution electron tomography. Electron 
Bessel beams have been generated by a ring-shaped aperture [2], a phase hologram [3] and a dedicated 
lens [4]. Atomic resolution imaging using electron Bessel beams, however, has not been accomplished by 
these researches due to small illumination angles and ununiformly intensity distributions. In a simulation 
study, Kawasaki et al. showed that ring-shaped apertures with large inner and outer illumination semi-
angles make sub-angstrom probes with large focal depth in scanning transmission electron microscopy 
(STEM) [5]. This means that we can achieve atomic resolution imaging by using an electron Bessel beam 
with a large illumination angle. In the present paper, we will demonstrate that an electron Bessel beam, 
which is generated by a ring-shaped aperture in aberration corrected STEM, is applicable for atomic 
resolution imaging. 
 
The ring-shaped aperture was precisely fabricated using a focused ion beam (FIB) instrument (Hitachi 
High-Tech. FB-2100) in a molybdenum thin film with a thickness of 10 µm. The ring-shaped aperture 
was installed into the condenser lens system of an aberration corrected STEM (JEOL: JEM-2100F) 
equipped with a thermal field-emission gun. The aberration corrected STEM was operated at an 
accelerating voltage of 200 kV. The inner and outer illumination semi-angles of the fabricated ring-shaped 
aperture were calibrated using a convergent-beam electron diffraction pattern, and these were 
approximately 10.7 and 12.6 mrad, respectively. Annular dark-field (ADF) STEM images of the SrTiO3 
single-crystal thin film were obtained using the circular aperture and the ring-shaped aperture. The 
illumination semi-angle of the circular aperture was 13.2 mrad. 
 
Figures 1(a) and (b) show ADF-STEM images of the SrTiO3 along the [001] direction using the circular 
aperture and the ring-shaped aperture, respectively. These images clearly represent strontium and 
titanium-oxygen columns as strong and weak white dots. The electron Bessel beam using the ring-shaped 
aperture can be achieve atomic resolution as shown in Fig. 1(b). In order to evaluate image contrasts of 
the ADF-STEM images, the line traces were taken from Figs.1(a) and (b) as shown in Fig. 1 (c). These 
line traces were normalized by each background intensity. Figure 1(c) indicates that the electron Bessel 
beam gives low contrasts for atomic columns compared with the conventional beam. In other words, the 
ADF-STEM image using the electron Bessel beam has high background intensity. The above features can 
be explained by the contrast transfer function for ADF-STEM. Figure 2 shows the contrast transfer 
functions for Cs-corrected 200 kV STEM with circular and ring-shaped apertures. The electron Bessel 
beam using the ring-shaped aperture give the high spatial resolution as with the conventional beam, while 
the contrast transfer function has relatively high values at low spatial frequency. Accordingly, the result 
indicates that ADF-STEM using the electron Bessel beam can be visualized long-period structures, and 
atomic columns in crystals, simultaneously.  



 
In conclusion, we demonstrated atomic resolution imaging using an electron Bessel beam in ADF-STEM. 
Image contrasts of ADF-STEM using the electron Bessel beam were evaluated by the contrast transfer 
function. The experimental result indicates that electron Bessel beams are applicable to atomic resolution 
electron tomography in ADF-STEM. Focal depth extension of the electron Bessel beam in STEM images 
will be discussed [6]. 
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Figure 1.  ADF-STEM images of SrTiO3 in the [001] projection using (a) the circular aperture and (b) the 
ring-shaped aperture with the structure shown inset. The images were Fourier filtered for denoising and 
clearly show Sr columns and Ti-O columns. (c) line traces from dash lines of (a) and (b).  
 

 
Figure 2.  Contrast transfer functions for Cs-
corrected 200 kV STEM. Blue and red curves 
show contrast transfer functions for the circular 
aperture with illumination semi-angle of 13.2 
mrad and the ring-shaped aperture with 
illumination semi-angle of 10.7 to 12.6 mrad, 
respectively. The electron Bessel beam gives low 
values of the contrast transfer function for middle 
and high spatial frequencies compared with the 
contrast transfer function of the conventional beam. 
 


