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Fig.1 (a) High resolution TEM image of ¢-Si on (011) crystal plane;
(b) Fourier transform image of (a); (c)-(e) grating patterns in gi» g»
and g; directions, respectively, achieved by anti-Fourier transform
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Fig. 2 (a) Moiré formed by two groups of parallel grating lines with different grating pitch;

(b) Moiré formed by two groups of grating lines with different pitch and rotation angle
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Fig.3 Schematic diagram of the rotation Moiré
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Tab.1 Logical operation in digital Moiré-'"
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Fig.4 Flow chart of strain metrology of digital Moiré based on TEM lattice images
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Tab. 2 Results of digital Moiré for

the verification experiments
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Fig. 6 Coordinate diagram of TEM image

in verification experiment
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Tab. 3 Results of digital Moiré for the multi-layer semiconductor heterostructures
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Fig. 7 High-resolution TEM images of the multi-layer semiconductor heterostructures (a) near the &Si layer of
specimen 1; (b) inside the Gey 3 Siy ; layer of specimen 1; (c¢) inside the Gey »Siy s layer and near the

interface with &Si layer of specimen 2; (d) inside the ¢Si substrate of specimen 2
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Fig.8 The inclination angle of all the gratings at Bin (a) g1, (b) g and (¢) g; directions
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Fig. 9 Digital Moiré images with four-step phase shift at area B in g direction
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Strain measurement method based on digital Moiré
of transmission electron microscope lattice image

GAO Zhi-xun', MA Lu-lu', XING Hua-dan', ZHAO Yu-cheng', QIU Wei'*

(1. Department of Mechanics, Tianjin University, Tianjin 300350, China;

2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300350, China)

Abstract: Through quantifying geometric rotation angle, a new strain measurement method is
presented in this paper based on digital Moiré. This method is based on lattice images obtained by
high-resolution transmission electron microscope (TEM). Through Fourier transform and inverse
Fourier transform, TEM lattice images are generated into three grid diagrams with different
inclination angles. Taking TEM grating image obtained from the known strain state position as the
reference grating image and taking grating image obtained from the required measuring position as the
specimen grating image, the logical operation of specimen grating image with the inclination angle
approaching that of the reference grating image are carried out, respectively, and digital Moiré images
corresponding to each inclination angle grating image are obtained. Based on the principle of geometric
Moiré, an analytical relationship between the angle increment of the grating inclination (viz. grating
rotation angle), 0, the fringe inclination angle, ¢, and the normal strain of the grating, e, was
established. By quantify the 0 and ¢ in the digital Moiré images and the grating images, the normal
strains along the three inclination angles of the gratings was detected, hence all of the in-plane strain
components were acquired. The proposed method obtains the average strain of the high-resolution
TEM image, hence it has a spatial resolution in ten nanometer magnitude. In this work, verification
experiments were preformed, proved the correctness of the above method. Then, it was applied to
analyzed the strain inside the multi-layer semiconductor heterostructure, achieving the detail
information of the in-plane strain components.
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