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Fig. S1 (a)AFM topography (5 μm × 5 μm) of L4/C4 SL on STO (001) surface. The surface of the L4/C4 SL shows excellent smoothness and uniformity with a root-mean-square surface roughness of ~1.3 Å. (b) X-ray reflectivity (XRR) of the L4/C4 SL grown on the (001)-oriented STO substrate. Good agreements between fitting curves (red) and experimental curves (black) are clearly demonstrated. The simulation curve is realized by the commercial software of DIFFRACplus LEPTOS 7. The deduced thickness of LNO and CTO layers is consistent with the targeted structure. (c) Out-of-plane – scans for the Lm/Cn SLs on (001)-oriented LSAT substrate. SL0 indicates the (001) main peak and SL-1, SL+1 indicate the satellite peaks.
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Fig. S2 The x-ray absorption spectra (XAS) around (a) Ti L2,3 edge and (b) Ni L3 edge for the SLs. No charge transfer happened at the LNO/CTO interface.
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Fig. S3 Magnetic field dependence of Hall resistivity for the Lm/Cn SLs on (a) STO and (b) LSAT, measured at 300 K. 
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Fig. S4 (a) Half-order peaks obtained from the LNO and (b) CTO bare films on STO substrates. 
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Fig. S5 Normalized X-ray absorption spectroscopy (XAS) of Ni L3 edge and the fitting of Ni L3 spectra with the sum of two peaks for the L3/C1, L3/C2, L4/C1 and L4/C2 SLs. Vertical bars are guide for eyes to view the shift of peak position.


Owing to the vicinity of the strong La M4 white lines, the Ni L3 line is only seen as a shoulder around 853 eV (see the inset), but the Ni L2 white line is clearly observed at 872 eV. The results presented in the following were obtained by subtracting Lorentzian line shapes from the TEY data1,2.
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Fig. S6 Correction of the Ni L-edge data from the La-M peak.
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Fig. S7 Crystal structure of density functional theory (DFT) calculations. The results of structure optimization show that the stable structure assumes  OOR pattern for L3/C1 (a), OOR pattern for both L3/C2 (b) and L3/C4 (c) SLs.
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