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Epitaxial growth of transition-metal oxides allows for the design of unique heterostructures and 

controlling electronic correlations and novel physical properties [1]. The magnetic and electronic 

correlations in rare-earth nickelates are sensitive to structural modifications induced by the substrate [2]. 

While bulk NdNiO3 (NNO) exhibits a metal-insulator transition (MIT) at approximately 200 K, TMIT can 

be enhanced >100 K, when NNO films are grown on [101]-oriented NdGaO3 (NGO) substrates, due to 

the specific three-fold interconnectivity between the film and substrate octahedral network [3]. 

Aberration-corrected scanning transmission electron microscopy (STEM) enables not only revealing 

structural and chemical information about the interfaces, but also provides imaging the oxygen atomic 

columns, which is crucial for understanding the underlying physics of oxide heterostructures and 

interfaces. 

In this work, we combine comprehensive high-resolution STEM investigations with electrical transport 

measurements and density functional theory (DFT) calculations to investigate the evolution of the MIT in 

NNO films as a function of film thickness and NGO substrate crystallographic orientation. STEM 

techniques including high-angle annular dark-field (HAADF) and annular bright-field (ABF) imaging, 

electron energy-loss spectroscopy (EELS), and energy-dispersive X-ray spectroscopy (EDXS) are 

employed using a JEOL JEM-ARM200F STEM equipped with a cold field-emission electron source, a 

probe Cs-corrector (DCOR, CEOS GmbH), a Gatan GIF Quantum ERS spectrometer and a large solid-

angle JEOL Centurio SDD-type EDXS detector. STEM and EELS spectrum imaging were performed at 

probe semi-convergence angles of 20 mrad and 28 mrad, respectively. The collection angles for HAADF 

and ABF imaging were 75-310 mrad and 11-23 mrad, respectively. The O-O picker tool [4] is used for 

STEM image analyses. 

The overall structural quality (Fig. 1a) of the defect-free film with coherent interfaces (Fig. 1b, Fig.2a) is 

confirmed via STEM-HAADF imaging, and atomic-resolution STEM-EELS mapping of Ni and Ga (Fig. 

2b,c) suggests that elemental intermixing at the interfaces is limited to one monolayer. Moreover, our 

investigations on samples with identical NNO thickness grown on different NGO substrate cuts 

demonstrate that orthorhombic (101) and (011) substrate facets play a critical role in tuning the transition 

temperature TMIT. The growth on [101]-oriented substrates generally results in a higher TMIT, and [011]-

oriented films tend to form structural defects and non-equilibrium phases. Detailed information about the 

local octahedral distortions (Fig. 2d) at NGO-NNO interfaces has been obtained from high-resolution 
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STEM-ABF imaging [5]. The bond angle measurements across the interfaces demonstrate that the B-O-B 

bond angle remains constant within the experimental error and will be comprehensively discussed [6]. 

 
Figure 1. (a) Low-magnification STEM-HAADF image of a NNO film showing a high epitaxial quality. (b) High-

magnification STEM-HAADF image showing coherent interfaces and the NNO slab (darker contrast) sandwiched 

between the NGO substrate and NGO capping layer. 

 
Figure 2. (a) STEM-HAADF image of the NNO slab (darker contrast) sandwiched between the NGO 

substrate and NGO capping layer. (b) Ga (purple) and (c) Ni (red) elemental maps obtained from STEM-

EELS spectrum imaging indicate the limited elemental intermixing at the interfaces. (d) STEM-ABF 

image taken from the NGO capping layer clearly shows the oxygen-column positions. 
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