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In the past decades, a great deal of efforts to understand the unconventional high-temperature 

superconductivity has been focusing on cuprates. Given the similarity between cuprates and nickelates [1, 

2], achieving superconductity in nickelates has attracted considerable attention. Recently, the exciting 

discovery of superconductivity in hole-doped NdNiO2 inspires further investigations on nickelates. [3] 

The infinite-layer NdNiO2 structure plays a dominated role in nickelate superconductivity, which can be 

synthesized by an oxygen de-intercalation reaction of Nd0.8Sr0.2NiO3 (NSNO) with perovskite structure. 

[3] However, Ruddlesden-Popper (RP) faults in nickelate films easily occur due to a lattice mismatch with 

the substrate. These RP faults are electrocatalytically very active sites for the oxygen evolution reaction. 

[4, 5] Explorations of the role of RP faults are indispensable to understand structure-property correlations 

in perovskite oxides. 

In this study, using aberration-corrected scanning transmission electron microscopy (STEM), we 

investigate the atomic structure and chemical information of NdNiO3 (NNO) and Sr-doped Nd1-xSrxNiO3 

(NSNO) thin films grown on SrTiO3 (001) substrate by atomic layer-by-layer MBE, as well as defects 

inside the thin film. Figure 1(a) shows an HAADF-STEM image of an NSNO film with a thickness of ~ 

9 nm. As the contrast of the HAADF image is proportional to ~Z
1.7 

(atomic number Z), one can easily 

distinguish STO and NSNO. The regions marked with red dashed boxes demonstrate three types of RP 

faults, and the enlargements correspond to boxes A, B, and C, respectively. The RP faults includes a 1/2 

a < 111 > shift, disappearance of the contrast of A/B sites in the NdNiO3 structure [5, 6] and single or 

several intergrowth layers of {NdNiO3}. 

Figure 2 shows EELS elemental maps of the RP-faults region and the STO/NNO interface. The critical 

thickness of the (001) perovskite structure of NNO is two unit cells, where Ni and Nd display a distinct 

contrast corresponding to their elemental maps. With the increase of the film thickness, the contrast 

differences between Ni and Nd decrease, especially in the right bottom region. The gradual decrease 

between the Ni and Nd contrast reveals a RP fault with ½ a < 111 >, demonstrating the intermixing of Ni 

and Nd. The atomic-resolved EELS elemental maps substantiate the RP-fault formation and interfacial 

chemistry in nickelates. Furthermore, we will discuss effects of non-stoichiometric elemental ratios 

(Nd/Ni) and defects at the edge of RP faults on the measured electrostatic field and charge distribution by 

four-dimensional scanning transmission electron microscopy (4D-STEM). 
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Figure 1. Figure 1. HAADF-STEM image of a Nd0.8Sr0.2NiO3 thin film grown on a SrTiO3 substrate. 

Different types of RP faults: (A) 1/2 a <111> shift, (B) disappearance of contrast of A/B sites, (C) single 

intergrowth layer of {NdNiO3} 

 
Figure 2. Figure 2. STEM-EELS elemental mapping of a RP fault. (a) ADF image of the measured EELS 

spectrum.  (b) The color-coded cation maps for Sr, Ti, Nd and Ni, respectively. 
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