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In this invited talk, I will suggest where we are in our use of TEM for imaging extended defects and
guess where we are going. Since the topic of this Symposium concerns advances in imaging and
quantification of strain, local atomic structure, and the chemistry of extended defects, the present talk
will emphasize the history and development of diffraction contrast methods for the analysis of extended
defects in the TEM but must also include a discussion of the use of high-resolution imaging techniques.
Examples will be presented from my group’s work on metals, semiconductors and ceramics with a
discussion of the factors that have limited our understanding of these defects and those that continue to
limit our ability to improve this understanding.

Several specific topics will be mentioned not necessarily in the following order, although the first topic
should always be specimen preparation. How we make the specimen can affect not only what we see but
can even change the geometry of the defect we wish to study. Illustrations of defects that are not so
susceptible to such changes will also be considered.

The second topic will be the advantages and limitations of using the weak-beam dark-field imaging
technique versus high-resolution (HRTEM) imaging. What do we gain and what do we lose and why
isn’t the WB technique used more widely? The latter question has much to do with the third broad topic
of improving resolution, correcting Cc and Cs, and using a monochromated electron beam. If we are
able to consider the latter then we must extend our discussion to include modeling the defect, simulating
the image and comparing simulated images with those obtained under well-defined experimental
conditions.

As examples, I will discuss some special grain boundaries as illustrated by two well known examples
([1-3] from an Mg-Al spinel that are shown in Figure 1 and consider how modern imaging can improve
our understanding of such defects. These two examples are chosen because in both cases the defects are
constrained to lie along particular directions, which is essential for the interpretation of HRTEM images.
The next example is the faulted dipole, which again must lie along a particular direction [4]. That
property makes it ideally suited to HRTEM imaging and can provide information about defects and
bonding in compound semiconductors that no other defect provides. The final example shown here
concerns the motion of jogs along individual dislocations [5]. The method used to image these defects in
the WB technique—i.e., diffraction contrast. Like the dislocations themselves, of course, we are not
seeing the jogs, just the effect of the jog. The rest is image interpretation.

In each case, modern TEMs have the potential to make large improvements to our understanding of
extended defects but the limitations must be understood, so I will conclude with a little philosophy.
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Figure 1. HRTEM images of a) a twin boundary and b) a dissociated dislocation in an Mg-Al spinel.
The schematic in ‘b’ explains that the defect is actually a single dislocation that has dissociated into two
partial dislocations by a climb process.
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Figure 3 (right). Weak-beam images of jogs
moving by climb along a dissociated dislocation
in a Cu alloy. The sample was held at 320°C i
during the observation period. The two pairs of 0 ¢

jogs labeled ‘B’ and ‘C’ self annihilate. :
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