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The structural and chemical characterization up to atomic-scale plays a critical role in understanding 
structure-property relationships. Self-assembled, vertically aligned nanocomposite (VAN) thin films, 
consisting of two immiscible components hetero-epitaxially grown on single crystals, offer the advantage 
of utilizing the functionalities of both components. The structure also provides the possibility of tuning 
the material’s properties by tailoring the volume ratio of two components, the interface-to-volume ratio, 
hetero-epitaxial strain and the interface properties [1]. Recent technical advances in scanning transmission 
electron microscopy (STEM) have made it possible to perform atomic-resolution characterization of the 
VANs and establish the structure-property relationships [2-4]. Here we describe several efforts of utilizing 
advanced STEM techniques to quantify the interfaces of VAN thin films including ZnO:La0.7Sr0.3MnO3 
(LSMO), and Sm-doped CeO2 (SDC): SrTiO3 (STO). STEM imaging combining low-angle, and high-
angle annular dark-field (LAADF, HAADF) detectors as well as atomic-scale elemental mapping using 
energy-dispersive X-ray spectroscopy (EDS) and electron energy loss-spectroscopy (EELS) are used to 
study cation inter-diffusion across the interfaces, dopant distribution within each component, and O 
vacancy and valence state of cations across/near the interfaces.  

 
Fig. 1a shows a typical plan-view STEM HAADF image of ZnO:LSMO VAN grown on SrTiO3 (STO) 
substrate. The self-assembled ZnO nanocolumns with an average diameter of ~ 5 nm are distributed in the 
LSMO matrix. A white-contrast, ring-like shell is present around the ZnO nanopillars in Fig.1a, signifying 
the presence of interdiffusion layer between the ZnO and LSMO.  Fig. 1b shows a composite color EDS 
map, made of Zn K (red), Sr K (blue), La L (green), and Mn K (cyan) maps. The individual map for each 
element is also shown in Fig. 1c.  These results indicate presence of a (La,Mn)-rich and Sr-deficient shell 
around the ZnO pillars. The shell structure is likely responsible for electrical current induced magnetic 
hysteresis in the composite film.  Fig.2a shows the plan-view STEM HAADF image of the SDC:STO 
VAN. By combining LAADF and HAADF imaging (Figs.2b and 2c), the presence of oxygen vacancy 
and/or other point defects near the interfaces can be revealed. The results collaborate with enhanced 
oxygen ion conductivity observed in the structure. The atomic STEM-EDS and STEM-EELS are further 
applied to study the interfaces [5].  
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Figure 1.  (a) STEM HAADF image and (b, c) EDS maps of ZnO:LSMO VAN, showing the core-shell 
structure with a (La, Mn)-rich and Sr-deficient composition around the ZnO pillars. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. (a) STEM HAADF image of SDC:STO VAN; and (b, c) STEM LAADF and HAADF image, 
respectively, showing the subtle contrast difference between the images near the interfaces due to presence 
of oxygen vacancies and/or point defects. 
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