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The formation of a 2-dimensional electron liquid with tunable conductivity and superconductivity at
the interface between band insulators SrTiO; (STO) and LaAlOs; (LAO) [1] is an example of novel
interface functionality with great potential for applications [2]. However, in spite of intense research
efforts, the microscopic mechanism underlying such fascinating behavior is still controversial. A
viable route to improve our understanding of STO/LAO interfaces is to investigate the properties of
novel heterostructures realized with alternative overlayer materials. Alternative materials should be
searched within wide band-gap insulating ABO; perovskites showing a high quality growth on STO
and having trivalent cations both on the A and the B site. On the basis of such considerations,
LaGaO; (LGO), a polar, wide band gap, pseudocubic perovskite, was selected and highly conducting
interfaces were obtained in the LGO/STO system [3, 4]. Although LAO/STO and LGO/STO show
qualitatively similar transport properties, LGO/STO shows a slightly larger conductivity than
LAO/STO (see Fig. 1a), independent of the oxygen pressure during growth. Here we use aberration
corrected Z-contrast scanning transmission electron microscopy (Z-STEM) and atomically resolved
electron energy loss spectroscopy (EELS) to gain insights into the similarities and differences
between these two interface systems and their implications on the mechanism for electrical
conductivity.

Our investigation has shown that both interfaces are atomically flat and coherent. An analysis of the
relative lattice parameters of film and substrate was conducted by acquiring the position of the center
of intensity for the atomic columns forming the A sublattice in HAADF images using our own Gatan
Digital Micrograph script. The distances between adjacent columns were then averaged in the
direction parallel to the interface to yield in-plane and out-of-plane lattice spacing. Both images and
diffraction patterns confirmed that LGO and LAO films were single-domain and tetragonally
strained with in-plane lattice constant equal to that of STO. We observed a peculiar difference
between the two interfaces. As shown in Fig. 1b, while the ¢ spacing in the LAO/STO system is
expanded by about 4% at the interface similar to prior literature reports [5, 6], an interfacial lattice
distortion was not detected in the LGO/STO system. Orbital reconstruction and lattice distortions at
the interface between LAO and STO are expected in theory and have been observed experimentally
by linear dichroism in x-ray absorption spectroscopy (LD-XAS) [7] and optical second harmonic
generation (SHG) [8]. Our Z-STEM investigations indicate that atomic distortions are less prominent
in LGO/STO than in LAO/STO. These results are in agreement with preliminary LD-XAS and SHG
analyses on the same interfaces. Lattice polarization might arise to mitigate the dipole generated by
the alternating charge within the film planes, considered as the origin of the polar catastrophe. As the
LGO and the LAO systems show different degrees of interfacial lattice distortion, we expect a
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different overall polar layer response for the two systems and possible differences in either induced
charge carriers or the threshold for conductivity.

To gain insights into the electronic state of interfacial Ti ions, we have analyzed the O-K and Ti-Ls
edges in EEL spectra across the interfaces of both LAO/STO and LGO/STO. Our experimental
results and EEL scattering simulations show that both interfaces can be considered atomically abrupt
with occasional surface amorphous Ti species resulting from ion milling (see profiles in Figures 1c
and 1d). Moreover, in both cases the valence of the interfacial Ti ions is reduced to an intermediate
value between 4+ and 3+. However, the fraction of interfacial Ti3+ is larger in LGO/STO than in
LAO/STO, possibly indicating a larger charge transfer in the LGO system, which would be
consistent with the lower resistivity measured in LGO/STO. The larger Ti3+ fraction might be
related to the smaller atomic displacement observed in the LGO/STO system. A smaller ionic
polarization at the LGO/STO interface would less efficiently counteract the electric dipole associated
with the polar nature of the film and a larger charge reconstruction would be needed to avoid the
polar catastrophe as compared to the LAO/STO case [9].
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C. Cantoni et al., in preparation.
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