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It is well established that the TEM e-beam can cause radiation damage to specimen. Radiolysis, knock-
on damage and specimen heating are known to be the most common damage mechanisms [1]. Apart 
from these conventional damage mechanisms, the e-beam has also been recently shown to alter the 
deformation mechanisms in nanomaterials. The e-beam can activate dislocations, and defects generated 
by e-beam exposure can lead to additional deformation processes. For example, low to moderate 
intensity e-beam has been used to induce superplastic deformation in nanoscale silica particles and 
nanowires that are usually brittle at low temperatures [2]. 

Since nanocrystalline and ultrafine-grained metals have a high density of crystal defects (non-
equilibrium grain boundaries and associated extrinsic dislocations) that can be activated by the e-beam, 
it is quite conceivable that e-beam exposure will alter the mechanical behavior of such materials during 
in situ experiments. However, the e-beam effect on the in situ deformation response of these materials 
remains unknown.  

In the following paper we provide direct evidence that e-beam exposure of nanocrystalline and ultrafine-
grained aluminum and gold films causes increased defect activity leading to substantial changes in its 
stress-strain response. We systematically investigated the effects of e-beam during in-situ load-unload 
experiments, while simultaneously measuring the macroscopic stress-strain response.  
MEMS based tensile testing stages were co-fabricated with freestanding Al and Au thin films, deposited 
by DC magnetron sputtering, using microfabrication techniques. A  GATAN ™ TEM straining holder 
was then used to deform these MEMS devices containing the films in a Phillips CM200 TEM. In the 
first set of experiments, the stress-strain response of the films was measured over multiple cycles. 
During the first cycle the films were deformed without e-beam exposure to serve as a reference. In the 
subsequent cycles, the films were exposed to the e-beam at different accelerating voltages and the area 
of the film exposed to the beam as well as the beam intensity were systematically varied. In the second 
set of experiments the film was exposed to the e-beam only at two points during each loading cycle to 
quantify e-beam induced stress relaxation. 
 
We found that e-beam exposure caused both significant stress relaxation and anomalous changes in 
sample geometry in nanocrystalline and ultrafine-grained aluminum and gold films [3]. Beam-induced 
artifacts increased with e-beam intensity but, contrary to expectation, the artifacts were more 
pronounced at lower accelerating voltages. Furthermore, e-beam exposure induced anomalous sample 
necking, which unusually depended on the beam diameter rather than intensity. These observations in 
two metals with highly dissimilar atomic weights and properties indicate that a broad spectrum of 
nanostructured materials are susceptible to beam-induced artifacts, and simultaneously point to a 
strategy to minimize such artifacts [4]. 
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Figure 1. The e-beam caused anomalous necking along the sample width. Necking was more 
pronounced at 120 kV and depended more on area of specimen exposed to beam (red 
circle/square) than intensity.  
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