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Conventional Transmission Electron Microscopy (CTEM) was the first characterisation
method used to visualise and understand radiation-induced damage, especially dislocation
loops, that causes the properties degradation in metal for nuclear application. Weak Beam Dark
Field (WBDF) imaging technique that widely used to characterise small dislocation loops, also
known as black dots, is an effective technique to determine the type and nature of irradiation-
induced dislocation loops via the classical g.b method. However, the collection of a complete
set of WBDF data from an irradiated sample can be time consuming as it requires to cover
multiple g-vectors in order to carry out the g.b elimination process. Moreover, the area of
interest will expose to a large electron dose. This might be a problem for some materials as
some of irradiation-induced dislocation loops are sensitive to local electron beam heating/ high
beam current.

AtomCRaD, an electron microscopy (EM) technique development research project that funded
by EUROfusion, has investigated new methodology to characterise radiation damage using
latest hardware and software technologies available in the field of EM. In this project, we have
investigated the effectiveness of using pixelated STEM detector to study irradiation-induced
dislocation loops in ion irradiated tungsten. Figure 1 shows the reconstructed Bright Field (BF),
Dark field (DF) and Annular Dark Field (ADF) images from a collected a 4D-STEM data set.
The reconstructed images were compared with those that collected via conventional detector
under the same diffraction conditions. The comparisons confirmed the quality of the
reconstructed images are as good as those collected via conventional detector. One of the main
advantages using 4D-STEM data for radiation damage analysis is that DF of different g-vectors
and ADF images with different collection angles can be reconstructed. The effects of
convergence angle and the g.b analysis performed using 4D-STEM data will be discussed in
detailed [1, 2].
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Figure 1. Reconstructed Bright Field, Dark Field and Annular Dark Field images generated
using virtual apertures from a 4D-STEM data set that was collected from 150keV self-ion
irradiate pure W (99.95%) up to 0.005dpa.



