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Ultra-High Transmission Electron Microscopy, allows the determination of the crystalline structure of 

materials through various methods of electron diffraction or direct imaging. However, the 

interpretation and quantification of the high-resolution images is complex, because of the strong 

interaction between the electron beam and the material [1]. Besides, the material’s exit wave function 

is modified by the components of the microscope [2]. As the high-resolution microscopy images are a 

convolution between the exit wave function of the sample and the function of the microscope, the 

interference fringes can be modified changing the condition of defocus [3]. The aim of the research is 

to understand the focal series reconstruction routines and use them in the study of bismuth telluride 

and it’s alloys, in order to identify their crystalline structure.  

 

The focal series reconstruction method is a technique consisting in obtaining high-resolution image 

series with different values of defocus, generating different conditions of constructive and destructive 

interference. At the same time, high-resolution images are simulated from a theoretical model of the 

crystal convoluted with the transfer function of the microscope, considering several types of aberration 

of the microscope, where the spherical aberration of the objective lens and the chromatic aberration 

are dominant and also the transfer of the imaging device. The simulated images are compared with the 

experimental images and through the correlation between them the theoretical model is optimized as 

seen in Figure 1. There are several software packages which can be used to simulate the structure 

and/or generate a focal series: JEMS, True Image, FTSR, IWFR and REW. The present work shows 

the first results on focal series reconstruction routine using REW.  

 

Bismuth telluride is a thermoelectric material with high coefficients at room temperature [4] and has 

recently been identified as a topological insulator [5], with rhombohedral crystal structure and space 

group R(-3)m with five atoms per unit cell. To understand the operation of focal series reconstruction 

of different software, a material with a well know crystal structure as silicon is also being used.  

 

A through focal series of 19 high resolution images was taken of a Bi2Te3 sample prepared via 

ultramicrotomy, approximately 20-30 nm thick, using a Tecnai G-20 LaB6 S-Twin (Cs = 2.0 mm) at 

200 keV. A magnification of 450kx was used over a range of focus of 31.66 nm to 210.41 nm, with a 

focus variation of approximately of 10 nm. The image of phase and amplitude resulting from the exit 

wave reconstruction of two different regions of the sample using the software REW are shown in 

Figure 2 and Figure 3.  

 

Relatively homogeneous fringes at the amplitude images can be seen. The phase images also show 

recognizable fringes, specially figure 2, however a pattern which looks like an amorphous can also be 

seen. Better alignment of the sample along a low index zone axis, samples with less amorphous 

material, better adjustment of the focal series parameters and measurement on a FEG with aberration 

correctors microscope are some of the future steps which we hope will help us to identify the atoms in 

mailto:thaismilagres20@gmail.com


the crystalline structure when working with bismuth telluride alloys. Also simulation of the exit wave 

and correlation with the measured images will be done. 
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Figure 1 Scheme of a focal series reconstruction routine. 

Figure 2 Amplitude (left) and phase (righ) of 

the exit wave reconstructed.  
Figure 3 Amplitude (left) and phase (righ) of 

the exit wave reconstructed.  


