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Supplementary Figure 1 | Epitaxy and characterization of 2LTO/2LNO superlattice. (a) Schematic
view. (b)-(d) RHEED patterns before [(b)] and during growth [(c) and (d) for LTO and LNO layers,
respectively]. () XRD data (room temperature) of 2LTO/2LNO around [002] peak (pseudocubic notation)
with distinct thickness fringes. The black triangle suggests the broad peak of film whereas the arrows mark
the superlattice peaks.
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Supplementary Figure 2 | Calculated XAS of bulk LNO with dependence of 3d'L. Here 3d'L represents
an electronic configuration composed of [(8-x)x100]% 3d’ and [(x-7)x1001% 3dPL for bulk LNO, i.e., Ni
3d"7°L labels a mixture of 25% 3d” and 75% 3d’L states. (a) Ni L, 5-edge spectra with 3d'L from 3d"“L to
3dPL. The dashed lines indicate the energy positions of low energy shoulders (or peaks) characterizing the
Ni 3cPL state. (b) and (c) Comparison of the experimental XAS at Ni L, 3-edge with the calculations for x =
7.75 (blue solid lines) and 7.4 (purple solid lines), respectively. As indicated by the dashed lines, calculated
XAS with Ni 3d""°L shows good agreement with the experimental data for both shoulders (~ 870.5 eV for L,
and ~ 853.5 eV for L, respectively) and bumps (~ 878.25 eV for L, and ~ 861 eV for Ls, respectively). (d) O
K-edge spectra for Ni 3d""°L. Both Ni L.3- and O K-edges spectra suggest the electronic configurations of
bulk LNO is a mixture of ~ 25% d’ and ~ 75% d’L states.
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Supplementary Figure 3 | In-situ XPS spectra for Ti 2p and Ni 3p states. (a) Ti 2p spectra. In LTO/LNO
the valence of Ti is an almost pure Ti** while it is a mixed Ti**/Ti*" state in 3 u.c. LTO film synthesized under
the same growth conditions. To match the growth condition of LNO, LTO film in our work is oxygen doped,
however, which does not affect the charge-transfer picture at the LTO/LNO interface. The determination of
the peak area ratio Ti**/[Ti**+Ti®*] ~ 0.65 yields the estimation of & value ~ 0.34 in 3 u.c. LaTiOa,s film. (b) Ni
3p spectra. In LTO/LNO the valence of Ni is a Ni**/Ni®* state while it is a pure Ni®* state in 3 u.c. film All the
data were collected at room temperature in the high vacuum (~ 2 x10°® Torr). Grey dots are the experimental
data while the solid lines are the fittings of experimental spectra (based on Gaussian functions), which agree
well with the recent reports h2
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Supplementary Figure 4 | Normalized angle-dependent XPS on metallic 2LTO/8LNO. (a) Schematic
view of experimental setup. (b) Ni 3p spectra. The Ni?* peak is pronounced when probing region is near the
interface (8 = 75°, blue dashed line). (c) Electronic structure near Fermi energy level. The density of states
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near the Fermi energy level in the interface area (8 = 75°, blue dashed line) is strongly suppressed.
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Supplementary Figure 5 | Electrical transport. Sheet resistances of 2LTO/2LNO, 2LTO/8LNO, and 20
u.c. LNO films. Please note the sheet resistance of 2LTO/8LNO is normalized (the contribution of per 20 u.c.
LNO layers) to compare with the values of 2LTO/2LNO and 20 u.c. LNO films.
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Supplementary Figure 6 | Pre-peak of the normalized XAS at O K-edge. Comparing with the LNO film
(10 u.c.) on SrTiO3 substrate (tensile strain, blue solid line), it is seen that the pre-peak intensity of
2LTO/2LNO (green solid line) was strongly suppressed, as shown by the grey arrow, which arises from the
filling of ligand holes at oxygen sites by the transferred electrons from Ti sites.
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