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Lanthanum Strontium Manganite (LSMO) thin films are of interest due to their colossal magnetoresistive 

properties, which originates from double exchange related to the Mn 3+ to Mn 4+ charge states [1].  The 

local magnetic properties of the film are also directly related to the lattice strain at the film/substrate 

interface, and are tied to the strong lattice-electron interaction related to the MnO6 octahedra in the 

perovskite structure. The distortion of these octahedra is related to both mechanical strain caused by 

film/substrate misfit and the radial difference between La and Sr [2].  While x-ray characterization 

methods have illuminated oxidation states in these systems, [3] prior x-ray studies lack the spatial 

resolution of TEM.  While the 3+ to 4+ trend as a function of LSMO thin film thickness is well established 

[1], the relationship between depth dependence and charge state along with accompanying structural 

effects is not well documented.   

 

In this talk, we will discuss the results of parallel analysis between XAS and EELS on the same films 

using the same data processing methods for both forms of spectra.  To examine the relationship between 

charge state and depth dependence of ultra-thin L0.33Sr0.67MnO3 films, samples of various thicknesses are 

deposited on STO substrates by pulsed laser deposition.  The recorded data is analyzed using the method 

of least squares fit to 3+ and 4+ reference spectra, collected using Mn2O3 and MnO2 powders.  Figure 1a 

shows the results of this type of analysis in a representative region of the thin film sample. A map of 

valence state across the region shown in figure 1b, shows an increasing average Mn valence from interface 

to film surface as shown in figure 1c.  We will discuss the results of a one-one comparison between XAS 

and EELS, providing validation of consistency between the two methods.   

 

Regarding lattice strain effects, it has also been shown that these films display an extended out of plane 

lattice parameter in the first few unit cells near the interface [8].  To further elucidate the magnetic 

properties of LSMO thin films, strain information was gathered and then processed to provide direct lattice 

displacements measurements from atomic resolution RevSTEM images [7].   Using accurate and precise 

revolving STEM measurements, our LSMO thin films are consistent with these prior works.  Figure 2 

shows that the out of plane strain on both the A (La/Sr) and B (Mn) sites near the interface reaches as high 

2%, although, this degree of strain occurs over a narrower region on the A sites, than it does with respect 

to the B sites. Atom column intensities were then paired with the strain measurements to relate local 

chemistry to the degree of lattice strain.  We will show that using these techniques in conjunction XAS 

experiments provide a more complete picture of the electronic behavior of these films, as it relates to both 

structure and chemistry [9]. 
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Figure 1. a) EELS spectra plotted with the resultant fit of Mn L3 and L2 peaks, and the corresponding 

residuals.  c) STEM image highlighting the region of Mn valence analysis for c), where the processed 

region starts at the STO/LSMO interface and ends at the LSMO/SRO interface. 

 

 
Figure 2.  RevSTEM image showing the LSMO/STO interface along with the out-of-plane strain 

associated with both A– and B– sites. 
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