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Deformation in materials is a multiscale problem, which is usually identified by three characteristic
length scales: atomic scale, micrometer scale, and macroscale [1]. The atomistic deformation, including
lattice distortion and dislocation interactions, results in various deformation mechanisms [2-7]. Although
the deformation at the large scale is regarded as the average of the atomic scale properties [1], the
connection between atomic scale and larger length scales is unclear. The statistical distribution of the
lattice distortion at a specific tensile strain can correlate the atomic-level strain to micro/macro strain, if
the strain in both dimensions can be measured simultaneously. In this work, we preformed four-
dimensional scanning transmission electron microscopy (4D-STEM) during in-situ TEM tensile test to
bridge the global tensile strain with maps of the local lattice distortion on silicon (Si) nanowires.

The in-situ tensile test was carried out at room temperature using a MEMS based mechanical testing
stage. The single crystalline Si nanowire was clamped on the sample stage (Fig. 1a), with its length of
about 3 um and its diameter of about 200 nm. The HRTEM image (Fig. 1b) and the diffraction pattern
(Fig. 1c) indicate that the sample is in its [111] zone-axis. During the tensile test, the MEMS applied a
uniaxial tensile force on the nanowire, resulting in lattice distortions and increasing strain in the
nanowire. The tensile strain on the nanowire was measured by the method based on digital image
correlation [7]. In situ 4D-STEM data was captured by a Thermo Scientific Titan aberration corrected
STEM equipped with an EMPAD detector [8]. At each step in the tensile test, a 4D-STEM dataset was
recorded which consists of more than 5,000 convergent-beam electron diffraction (CBED) patterns
taken as the electron probe scaned on the sample. Local lattice can be measured by automated analysis
of the diffraction patterns using AutoDisk [9], which detects the positions of diffraction disks in each
diffraction pattern and calculates lattice constants via a lattice fitting process. To map the strain, lattice
constants measured in each diffraction pattern are compared with a reference determined as the lattice
constants of the sample before the tensile test. The variation of the lattice parameters indicates the local
lattice distortions of the sample. A map of the lattice distortion can reveal the distribution of the local
strain at the corresponding tensile condition.

Using the average lattice of the Si nanowire before deformation as the reference, the normal strain ¢,.,
along the tensile direction based on the coordinate system marked in Fig. 1 can be determined. In Fig.
2a, the strain maps before the tensile test, during the tensile test and near the fracture are plotted
corresponding to the tensile conditions colored with labels in the strain-stress curve (Fig. 2b). This study
helps us to understand the distribution of the strain during the tensile test and provides us some insights
on the contribution of local lattice distortions evolution on the deformation process. Details of the strain
evolution during the tensile test and its correlation with the overall deformation will be discussed in the
presentation. [10]

P N

@ CrossMark
https://doi.org/10.1017/51431927622007504 Published online by Cambridge University Press


http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927622007504&domain=pdf
https://doi.org/10.1017/S1431927622007504

Microsc. Microanal. 28 (Suppl 1), 2022 1919

Figure 1. (a) HAADF STEM image of the Si nanowire before the tensile test. (b)) HRTEM image of the
Si nanowire. (c) CBED pattern of the nanowire.
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Figure 2. (a) Strain maps of the Si nanowire corresponding to the state (i) before the tensile test, (ii) at
the middle of the tensile test, and (iii) approaching to the failure, colored in the strain-stress curve (b).
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