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Metal chalcogenides have shown great potential in applications such as solar cell, topological insulators, 
thermoelectric materials along with others. It has been well demonstrated that microstructure can alter 
intrinsic properties and performance of metal chalcogenides.[1-3] The structure-property-performance 
relationships can be investigated at atomic scale with scanning transmission and transmission electron 
microscopy. Nevertheless, careful specimen preparation is paramount for accurate analyses and 
interpretations. Different artifacts can be induced during specimen preparation depending on the specimen 
preparation method being used, which can make the interpretation of TEM images difficult. Discerning 
between intrinsic material features and potential artifacts is vital for determining the structure-property-
performance relationship in metal chalcogenides. 
 
Here, we characterized and compared the microstructure of ingot stoichiometric PbTe TEM specimen 
prepared with five different specimen preparation methods (as shown in Figure 1). Intriguingly, we 
revealed that specimen preparation methods that involves high energy (>1 keV) ion-specimen interaction 
will introduce artifacts that appear as orthogonal dark line segments. These artifacts are approximately 3-
10 nm in length and about 2-5 lattice fringes in width as shown in the inset figure of Figure 1 (d). The 
long sides are parallel to <001> crystal orientations. 
 
We demonstrated that with low energy (300 eV) Ar ion cleaning, the artifacts observed can be significantly 
reduced. The fact that these artifacts can be eliminated implies that they are surface damage induced by 
high energy ion bombardment. The appearance of these artifacts under TEM indicates they can be point 
defect clusters, dislocations or nanoscale precipitates. A series of experiments were performed to 
determine the structural and chemical nature of these artifacts. In-situ heating of ingot stoichiometric PbTe 
specimen prepared by high energy ion milling were performed, the orthogonal features got eliminated at 
220 C inside the TEM. Since the heating temperature is well below the eutectic temperature of the Pb-
Te binary phase diagram, if the orthogonal features were nanoscale precipitates, nucleation and coarsening 
should be observed. Instead, we observed the elimination of these orthogonal features, indicating these 
features should be either point defect clusters or dislocations. Aberration corrected scanning transmission 
electron microscopy (Figure 2), together with first principles calculation, disclosed that the orthogonal 
artifacts should be Pb self-interstitial atom clusters.  
 
In this presentation, we will explain the reason of different observed microstructure in specimens prepared 
with different methods, identify the specimen preparation induced artifacts, disclose the chemical nature 
of these artifacts and demonstrate proper specimen preparation protocol. Understanding the intrinsic 
microstructure is very essential in correctly attribute the interesting properties and performances of metal 
chalcogenide materials. TEM specimen preparation needs to be performed cautiously to maintain 
materials real microstructure and avoid artifacts [4]. 
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Figure 1. Transmission electron 
microscopy of ingot PbTe specimens 
prepared with different methods. (a)-
(d) are conventional TEM image of 
ingot PbTe prepared by crushing, 
ultramicrotomy, twin jet 
electropolishing, and ion milling, 
respectively. (e) is the ADF STEM 
image of ingot PbTe prepared by FIB 
thinning. (f) is a conventional TEM 
image of the same TEM sample used 
in (c) but then ion milled for 25 
minutes. The upper right inset image 
in (d) is a high resolution image of 
typical orthogonal nanoscale features 
observed in ion milled specimens. 
Scale bars in (a)-(f) represent 50 nm. 
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Figure 2. STEM of ingot PbTe 
specimen prepared by ion milling. (a) 
STEM BF and (b) STEM HAADF low 
magnification images simultaneously 
obtained at same region of interest. (a) 
depicts large number density of 
orthogonal features while (b) shows 
very minimal contrast. (c) STEM BF 
and (d) STEM HAADF high 
magnification image simultaneously 
obtained at same region of interest. (c) 
depicts orthogonal features while (d) 
shows large number density, 
homogeneously distributed dark 
clusters. (e) STEM BF and (f) STEM 
HAADF high-resolution images 
obtained simultaneously at the same 
region of interest. Self interstitial 
clusters can be observed (indicated by 
red arrows). 
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