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Earth abundant materials and low-cost fabrication are utmost criteria for future photovoltaic 

technologies [1]. Mixed main-group transition-metal chalcogenides fulfill these requirements, they are 

prospective important thermoelectric materials and useful for thin-film solar cells [2]. As an example, 

Cu3BiS3 thin films have shown promising structural and optical properties for special use in 

photovoltaics [3,4]. Despite exhibiting these promising material characteristics, thin film photovoltaic 

cells based on Cu3BiS3 have not yet reached the device level. This is mainly because the fundamental 

physical properties of Cu3BiS3 are not yet well understood, and the quality of the films is not optimized 

[5]. Open-ended questions also exist along the lines of Cu3BiSe3. A characteristic structure-related 

phenomenon not yet understood are circular diffuse scattering features in electron and X-ray diffraction. 

They are found not only for Cu3BiSe3 but for instance in La0.70Al0.14I0.86 [6] and K2In12Se19 [7], too. 

 

Diffuse scattering in X-ray and electron diffraction of multi-component systems often is discussed since 

several years to be related to short-range order phenomena [8,9]. But, up to now, for a lot of systems 

quantitative evaluations are missing.- Unlike X-ray diffraction, high-resolution TEM - essentially not 

combined with selected-area electron diffraction - benefits uncovering of interrelations between diffuse 

scattering phenomena and nanostructure. We found diffuse rings around fundamental reflections in 

X-ray and (precession) electron diffraction (PED) of Cu3BiSe3.During the further procedure, high-

resolution TEM micrographs taken at a Philips CM30 ST (300 kV) have been Fourier filtered. As a 

result, for several zone axes a relationship between those diffuse rings and circular, irregularly arranged, 

2… 3 nm sized disordered regions is proved (Figs. 1, 2). Contrary to the original, they discern clearly 

from the background. For certain orientations dislocation cores are visualized in the FFTs in close 

neighborhood of the disordered regions. Easy geometric models exhibit when Fourier transformed very 

similar diffuse rings around reflections this way establishing the assumption (Fig. 3). 
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Figure 1. HR-TEM image, FFT (inset), and adaptively filtered inverse FFT. Part of disordered regions 

and dislocations is marked. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. HR-TEM image, FFT (inset), and adaptively filtered inverse FFT. On various occasions 

disordered regions are marked. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 2D model pattern with modified circular regions, FFT (diffuse  rings). 
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