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Threading dislocation (TD) is the one of the most commonly observed crystalline defects in perovskite 

oxide thin films.
1
 TDs in thin films can change the local atomic and electronic structures and considerably 

modify its properties. For instance, TDs in BaSnO3, one of the promising perovskite oxides due to the 

high room temperature mobility and optical transparency, are known to be the major defects limiting the 

electronic transport of the material by reducing the carrier mobility.
2-4

 However, relatively little research 

has been done on the local atomic and electronic structures of TDs in BaSnO3. Here compositional and 

electronic structures of TDs in La-doped BaSnO3 thin films are explored by using analytical STEM. 

La-doped BaSnO3 films studied here were grown on SrTiO3 and LaAlO3 substrates by hybrid molecular 

beam epitaxy.
5
 Plan-view STEM samples were prepared by mechanical polishing. STEM experiments 

were carried out using aberration-corrected FEI Titan G2 60-300 (S)TEM equipped with a CEOS DCOR 

probe corrector, Schottky extreme field emission gun, and a monochromator. STEM-EDX and STEM-

EELS data were acquired using the FEI Super-X EDX detector and Gatan Enfinium ER EELS. 

Figure 1a shows plan-view HAADF- and LAADF-STEM images of La-doped BaSnO3. Two different 

types of TDs, single TD (b = (100)) and dissociated TD (b = (110)), are shown as bright- single spot and 

paired spots in the LAADF-STEM image. High resolution HAADF-STEM images show the atomic 

configuration of the TDs and are used to obtain the strain field map around the TDs via geometric phase 

analysis (Figure 1b).
6
 Atomic-resolution EDX elemental maps are acquired from the TDs revealing that 

La dopants are segregated at specific regions (Figure 2), and correlation between the preferential La 

segregation and the strain field around the TDs is observed. The effects of La segregation on TDs are 

further investigated by comparative analysis of undoped- and La-doped BaSnO3 thin films, where STEM-

EELS analysis evidences the modulation of the electronic structures originated from the segregated 

dopants.
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Figure 1. (a) Plan-view HAADF- and LAADF-STEM images of a La:BaSnO3 thin film. One of single- 

and dissociated TDs are highlighted in yellow and green boxes, respectively. (b) Strain field map around 

TDs. Color code of strain map: compressive strain-blue, tensile strain-red. Scale bars are 1 nm. 

 
Figure 2. Atomic-resolution EDX elemental map of TDs in La:BaSnO3. Kα and Kβ x-ray emission 

signals were used for each elemental map. The EDX maps are overlapped on the HAADF-STEM image. 

Discernable La segregation sites are marked with circles. Color code: Ba-green, Sn-red, La-yellow. Scale 

bars are 1 nm. 
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