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Lattice strain is generated in crystal structures as a result of atomic size differences between host atom 

and solute elements during substitutional alloying. Extensive work has been performed to study lattice 

parameter variation with alloying elements, primarily using diffraction methods. The global information 

provided by reciprocal space analysis, however, limits access to local structural details. In contrast, 

atomic resolution STEM enables direct imaging of the crystal structure, but drift distortion currently 

limits capabilities to measure lattice parameters. This is particularly relevant for Ni-based superalloys as 

the microstructure consists of cuboidal intermetallic γ’ phase precipitate (L12 structure) within a γ phase 

matrix (FCC structure). As the coherent γ/ γ ’ interface is responsible for limiting dislocation motion [1], 

direct measurement of lattice parameters and strain provides critical information to further next 

generation alloy design. 
 

In this presentation, we will report direct lattice parameter measurements in annealed single-crystal 

Ni-based superalloys using a probe-corrected scanning transmission electron microscope (FEI Titan 

60-300 S/TEM). We will show that picometer precision and accuracy are enabled by the newly 

developed RevSTEM technique [2]. Peak locations are determined using a normalized cross correlation 

approach and 2D Gaussian peak fitting [2] to enable the measurement of atom column separations. 

RevSTEM-processed HAADF-STEM images for pure Ni3Al, γ’ phase NiAlCr and γ phase NiAlCr in 

the <100> projection are shown in Figure 1. A histogram of the third and fourth nearest-neighbor 

distances calculated from the HAADF-STEM images is presented in Figure 2. The lattice parameter 

measurements using RevSTEM images acquired from each of the three phases are consistent with the 

expected trend a(Ni3Al) > a(NiAlCr γ’) > a(NiAlCr γ) [3-4]. Extending the approach, we will 

demonstrate the power of the technique to accurately measure lattice parameter and strain across the γ/ 

γ ’ interface. Overall, these results open a new realm of atomic scale structure analysis that was 

previously just beyond our reach due to drift [2]. 
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Figure 1. HAADF-STEM images of (a) pure Ni3Al (b) γ ’ NiAlCr and (c) γ NiAlCr along the <100> 
zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Corresponding histograms of the third and fourth nearest-neighbor distances calculated from 

HAADF-STEM images above. The mean lattice parameters are consistent with the expected trend 

a(Ni3Al) > a(NiAlCr γ’) > a(NiAlCr γ) [3-4]. 
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