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Perovskite oxides display a wide spectrum of functional properties such as superconductivity, colossal 
magnetoresistance, and ferromagnetism that can potentially be utilized for electronic device applications. 
Advances in the atomic-scale synthesis of these materials have enabled the design of novel oxide 
heterostructures exhibiting properties that are not found in their bulk constituents. Strain, for example, 
imposed on the overlaying epitaxial oxide film by a carefully chosen substrate, can alter the material’s 
properties. Here, we use an alternative approach to controlling the strain in Nd0.5Sr0.5MnO3 (NSMO) 
films by inserting a flexible perovskite-like buffer layer (TSDA: Sr3Al2O6) between the film and the 
SrTiO3 (100) (STO) substrate [1]. Atomic-resolution mapping of the structure and chemistry at the 
NSMO/TSDA/STO interface reveals regions with uniform and defect-free buffer layers separated by 
regions where the buffer layer is lacking and where strain in the film is partially relieved by the 
formation of dislocations. The 1-nm wide dislocation cores are Mn rich and show a reduced Mn valence.  
 
Previous work showed that when NSMO films are grown directly on STO substrates, misfit dislocations 
appear at the interface due to the 2.84% lattice mismatch (aSTO=3.905Å, aNSMO=3.797Å). The average 
spacing between the dislocation cores was found to be ~30nm [2]. However, in this work, the flexible 
nature of the TSDA buffer layer allows strain relief and the average spacing between dislocations is 
greatly enhanced to ~100nm. Aberration-corrected ADF STEM imaging and spectroscopic mapping 
reveal that the dislocation cores are only present in areas that lack the uniform growth of the TSDA layer 
and which therefore lack an alternative strain release mechanism. The elemental maps in Fig. 1 
correspond to an area with uniform growth of TSDA and interestingly, we observed selective Nd 
diffusion into the TSDA layer which suggests that the open crystal structure of TSDA allows 
preferential diffusion into the cation sites. However, in Fig. 2, the ADF STEM image and the elemental 
maps illustrate the missing TSDA layer around the dislocation core. From the Mn and Ti maps, the 
dislocation core is observed as being occupied by excess Mn and the corresponding site being Ti-
deficient. Previously, similar diffusion of cations from the film into the open structure of the dislocation 
core was reported [3]. When the Mn-L2,3 edge is integrated parallel to the interface, at the dislocation 
core, the peaks shift to lower energies suggesting a reduced Mn valence state. When compared with Mn-
L2,3 reference spectra, the Mn in the dislocation core corresponds to Mn3+ while that in NSMO is Mn3.5+. 
The Mn valence change was further confirmed by performing multivariate curve resolution (MCR) to 
extract the two distinct Mn components as presented in Fig. 2. A map of the spatial extents of these two 
components is obtained by a non-least squares fit to the Mn-L2,3 edge spectroscopic map using the 
reference spectra extracted by MCR.  
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Figure 1.  Upper figure: low magnification HAADF-STEM image showing the overall structure of the 
material under study. Lower figures from left to right: simultaneously recorded ADF image, elemental 
maps of Ti, Mn and Ti, Nd (white circles: selective diffusion of Nd), concentration profile extracted 
from the elemental maps with red arrows indicating the location of Nd diffusion (scale bars: 2nm). 

 
Figure 2. Upper figures: Closer look into the TSDA layer and the dislocation core, followed by 
elemental maps of Ti and Mn around the defect. Lower figures: Background-subtracted edge spectra 
with horizontal averaging (leftmost ADF indicates the area used for averaging). Rightmost mapping 
shows two distinct Mn components that are extracted by multivariate curve resolution. For the defect 
component, the major peaks of the Mn-L2,3 edge shift to lower energies as shown in the left spectra 
(scale bars: 2nm).  
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