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High-resolution TEM investigation of an epitaxially strained 
LaNiO3/LaMO3 superlattice 
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    It has been reported that epitaxially strained LaNiO3/LaMO3 (M = a trivalent cation Al, Ga…) 
superlattice structures may provide favorable conditions for high-Tc superconductivity [1]. Depending 
on the choice of substrate, either tensile or compressive strain may be introduced at the interface due 
to the lattice mismatch. In LaNiO3/LaMO3 heterostructures, epitaxial strain can be accommodated in 
the form of a distortion of the NiO6 octahedra, resulting in elongation or compression along the growth 
direction (depending on the sense of the strain), as well as in their rotation. The resulting 
rearrangement of the NiO6 structure may lead to drastic changes in the electronic and magnetic 
properties of the heterostructures. It may therefore be possible to tailor the electronic structure of the 
system by controlling the atomic structure, in order to achieve favorable charge states for high-Tc 
superconductivity. 
    Here, we present initial results from an aberration corrected high-resolutuion transmission electron 
microscopy (HRTEM) study of an epitaxially strained LaNiO3/LaGaO3 (LNO/LGO) superlattice grown 
on (001) SrTiO3 (STO). The atomic structure model is shown in Figure 1. Since the most direct 
indicator of the structural change is the distortion and rotation of the oxygen octahedra, our work is 
focused on high-resolution imaging of the oxygen columns. 
    In order to enhance the contrast of the oxygen columns, we have applied negative Cs imaging 
(NCSI) [2]. We have used optimum imaging conditions, as described by Lentzen [3]. A Cs-corrected 
FEI Titan 80-300 microscope with the accelerating voltage of 300 kV was used. Figure 2 shows an 
experimental HRTEM image of an LNO/LGO superlattice grown on STO acquired using a value for CS 
of ~ -15 µm. Each atomic column can be resolved clearly. A simulated image is shown on the right 
side of Fig. 2. A detailed comparison between the experimental image and such simulations suggests 
that the specimen thickness is ~ 10 nm and that the defocus is ~ +5 nm (i.e., overfocus). An atomic 
structure model is overlaid on the simulated image. 
    When using the chosen imaging conditions, the oxygen columns have the highest intensity and 
contrast in the image. The simulations confirm that the intensity of the oxygen columns does not result 
from channeling effects associated with the neighboring heavier atomic columns. The clearly resolved 
atomic columns allow the distortion and rotation of the oxygen octahedra, as well as the atomic 
structure of the interface, to be investigated directly. 
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Figure 1.  Atomic structure model of an LaNiO3/LaGaO3 (LNO/LGO) superlattice grown on (001) SrTiO3 (STO) 

substrate. 
 

 
 

Figure 2.  High-resolution TEM image of an LNO/LGO superlattice grown on STO. The image was acquired in 

[100] projection using negative CS imaging conditions (CS ~ -15 µm, defocus ~ +5 nm). A corresponding simulated 
image is shown on the right. The identities of the atomic columns are indicated on the simulation. 

 


