
Leaving Flatland: seeing dislocations in 4D in a transmission electron 

microscope 
 

Alexandre MUSSI 
Univ. Lille, CNRS, INRAE, Centrale Lille, UMR 8207 - UMET - Unité Matériaux et Transformations, F-59000 

Lille, France 

 

The study of the fundamental plastic deformation mechanisms of crystalline materials requires 

detailed characterizations of defects. In case of dislocations, both determination of Burgers 

vectors and habit planes are required. Several techniques are well-established and available for 

characterizing Burgers vectors (extinction contrast criterion; equal thickness fringes method [1] 

and large angle convergent beam electron diffraction [2]), but geometrical characteristics like 

habit planes are more complex to obtain. Tilting experiments are routinely performed in the 

transmission electron microscope to extract 3-dimensional information, however strong 

limitations exist. The stereographic projection method can overcome this obstacle but it is time-

consuming and burdensome. We have developed electron tomography of dislocations in Lille 

[3] with the aim of facilitating habit plane indexations. The main difficulty of this technique 

consists in keeping the contrast of dislocations constant during all the acquisition procedure. To 

go further with this technique, in particular with applications to beam-sensitive materials, we 

have developed dislocation electron tomography with few projected images [4]. This 

development allows us to catch evolution of microstructures with time, i.e. 4D dislocation 

electron tomography [5]. All these developments have contributed to characterize mechanisms 

which are difficult or even impossible to decipher with conventional methods such as colinear 

interactions [6], cross-slip, double cross-slip [7], the determination of specific glide plane, 

preferential slip systems, preferential mixed climb planes, among others… 
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