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Engineered strain in the channel is a cost effective means of improving the performance of devices [1]. 

Through deliberately introducing strain in silicon, the band gap is altered, which in turn can be used to 

enhance the electron mobility. A metrology tool for reliable channel strain determination is crucial for 

process development. Given the scale of modern semiconductor devices, electron diffraction in the 

transmission electron microscope (TEM) is well suited for this purpose. In particular, nanobeam 

diffraction (NBD) is interesting as it is possible to acquire NBD patterns at high spatial resolution and is 

relatively easy to set up in most modern TEMs [2]. However, the presence of strong dynamical effects 

in conventional NBD patterns makes it difficult to obtain reliable strain data as the spot intensity 

distributions are strongly dependent on local specimen thickness and orientation. This is overcome by 

precessing the beam as the diffraction patterns are acquired [3]. With precession the incident beam is 

tilted and rotated (typically at 100 Hz) about the optic axis so that the dynamical effects are averaged out 

and the diffraction patterns are acquired under quasi-kinematical conditions. In addition, precession 

electron diffraction (PED) patterns have better sampling of higher order reflections, which are more 

sensitive to small changes in lattice parameters. 

 

In an earlier work, we had demonstrated the use of PED patterns for high precision strain mapping in the 

TEM [4]. In this technique, PED spot patterns are acquired in the TEM under nanobeam illumination 

and are compared with a reference pattern from the unstrained region of the same material. The in-plane 

strain tensor is determined by measuring the distortion in the strain pattern by fitting the entire strain 

pattern to the unstrained reference pattern. Fitting the entire pattern leads to improvement in strain 

precision and is amenable for a high degree of automation. 

 

In this work, we apply the aforementioned technique to the strain mapping of a pMOS and an nMOS 

field effect transistors (FET). A JEOL ARM 200F, operated at 200 kV, was used for this study. A 

precession angle of 0.7° was used to acquire the patterns. Topspin system, developed by AppFive LLC, 

was used for synchronized beam scanning with precession. The nMOS strain maps were acquired at 2 

nm step size with 200×65 points and the pMOS strain maps were acquired at 3 nm with 200×82 points. 

The total acquisition and analysis for each of the maps is under 5 minutes. Figs. 1 and 2 show the results 

for the nMOS and pMOS samples respectively. Using the Topspin system, we also acquire reference 

scanning TEM (STEM) bright field images. The insets in the reference images in Figs. 1 and 2 show 

reconstructed bright field images using the diffraction patterns. The reconstructed bright field is useful 

to identify the exact area scanned. 

 

From the strain maps, we observe a tensile strain of 0.8% and a compressive strain of 0.5% along the 

direction of electron flow for the nMOS and pMOS samples, respectively. These results were further 

corroborated with complementary techniques. 
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Figure 1. STEM reference image and the virtual bright field image (left panel), and the 

corresponding strain maps for the nMOS sample (right panel). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. STEM reference image and the virtual bright field image (left panel), and the corresponding strain 

maps for the pMOS sample (right panel).  
 

 

1067Microsc. Microanal. 20 (Suppl 3), 2014

    

https://doi.org/10.1017/S1431927614007053 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927614007053

