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It has been long observed that phenomena associated with grain boundaries (GB) 
in metals (e.g. corrosion, energy, segregation, etc) are influenced by the grain boundary 
geometry.  

The characterization of the geometry of a grain boundary relies on the calculation of 
orientations of both neighboring grains and on determination of the normal direction of the 
boundary-plane. The determination of the normal-direction is more complicated, than the 
measurement of the orientation difference between the grains (consider the orientation-
mapping by EBSD). For many years the coincidence site lattice (CSL) model has been a 
cornerstone of grain boundary research and formation of special boundaries with low-Σ 
(assumed to result in better material properties) was pursued. Therefore many results 
have been given about the physical properties of boundaries, although the CSL-model 
describes only the orientation difference between the grains without any information about 
the orientation of the boundary plane. Especially many Σ3 boundaries have been 
interpreted as twins with beneficial properties, although it does definitely matter if they are 
low energy {111} planes (coherent twins), {211} planes (incoherent twins), or general 
planes. Examples are known for Σ3 boundaries with general planes in thin films. 

The GB-plane distribution in a thin film is not necessarily identical to the distribution 
of similar planes in bulk materials. It was observed in low dimensional fcc metals (wires or 
thin films) that energy minimization of GBs can follow two (mainly alternative) routes. 
Either low energy planes (like {111}) are formed in Σ3 boundaries, or alternatively, it is 
observed in Σ3 boundaries that the GB plane has a general index (and high energy) but it 
ends at both free surfaces of the sample, resulting in a GB, almost normal to the sample 
surface, minimizing the total area of the GB.  

In our Si thin film samples, produced by melt mediated crystallization, we have 
found many Σ3 boundaries in majority with low energy {111} planes. This fact hints that the 
alternative way of energy minimization is not significant in this case of the Si thin film 
crystallization.  

In the course of our method, the orientation is calculated from the Kikuchi-bands (or 
Kikuchi-lines) seen in convergent beam electron diffraction (CBED) patterns, recorded with 
low camera length (to include the maximum available angular range in the TEM). The 
plane normal can be determined by studying images, made in different tilt positions as 
measuring the direction and the width of the projection of the GB: the direction provides 
two coordinates, and the width, compared to the local sample thickness (determined from 
2-beam CBED) provides the elevation as the third coordinate of the plane normal. The 
resulting plane normal, together with the misorientation (determined from the 
corresponding orientations) gives a complete geometrical characterization of the GB. 

Our goal is to automate this measurement as well as possible, in order to give a 
statistically relevant result on any sample. Such measurements are important for 
multicrystalline Si (m-Si) thin films in planned solar cell (SC) applications. 


