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The progress of aberration-corrected scanning transmission electron microscope (STEM) enables us to 

directly acquire images containing individual atoms in a crystallinity specimen. However, the atomic 

resolution of aberration-corrected STEM is usually defined by the atomic distance of dumbbell structure, 

and then, it is determined as a discrete value of the lattice spacing of the dedicated specimen rather than a 

continuous value. Sometimes such dedicated specimen is difficult to prepare and require the operator a 

skill of high level with specimen orientation. This paper proposes a new algorithm for evaluating atomic 

resolution on the basis of Rayleigh’s criterion, which enables a continuous value of atomic resolution. 

Figure 1 shows a dark-field STEM image of Si[110] obtained by using the Hitachi HF5000, an aberration 

corrected TEM/STEM, and pixel intensity profile of the dumbbell image. In this algorithm, image 

orientation and unevenness of image intensity are compensated for in advance. After those image 

processing, hundreds of atomic dumbbells recorded in the STEM image are accumulated, and a very low 

noise dumbbell image is produced for accurate calculation. Figure 1 also shows the accumulated dumbbell 

image and its pixel intensity profile. As showing in Figure 1, Gaussian distribution can well fit to the 

accumulated dumbbell profile and separate into two Gaussian distributions. Then the standard deviation 

(σ) of Gaussian distribution is evaluated from the accumulated dumbbell profile. 

Figure 2 shows the definition of Rayleigh criterion which is applied to Gaussian distribution. The Rayleigh 

resolution “Res” based on Rayleigh criterion is given by 

Res = 2√2σ                                     (1) 

Here σ is standard deviation which is obtained by fitting the Gaussian distribution to the dumbbell profile. 

The dumbbell image I(x,y) in dark-field STEM is represented by [1][2] 

 I(x,y) =  σm2Vp2(x,y)⊗Jprob(x,y)         (2) 

Where σm is the interaction constant, Vp is the projected potential with a single atom of the specimen and 

Jprob is the beam intensity profile. We assume that Jprobe is Gaussian distribution. The operator “⊗” 

denotes the convolution. From Equation (2), we can evaluate beam size from Rayleigh resolution “Res” 

for the dumbbell profile and the projected potential Vp. 

By using this algorithm, the Rayleigh resolution of the STEM image shown in Figure 2 was calculated as 

107 pm and the effective beam size was calculated as 83 pm. Thus, the atomic resolution of aberration 

corrected STEM is evaluated as a continuous value. 
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Figure 1. DF-STEM image of Si[110] obtained by using the Hitachi HF5000, an aberration corrected 

TEM/STEM, and the pixel intensity profile of dumbbell image. 

 
Figure 2. Rayleigh criterion applied to the Gaussian distribution. 
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