Figures 1 (a) and (b) data files show measured Tm 4d and valence band (VB) X-ray photoelectron spectroscopy (XPS) regions of bulk Tm2O3 sample, after sputtering time of 210 s of initial 10 nm Tm2O3/Ge sample.

Figures 1 (c) and (d) data files give measured Tm 4d and Ge 3p XPS core levels for interfacial (thin) Tm2O3/Ge sample, after sputtering time of 1470 s of initial 10 nm Tm2O3/Ge sample.

Figures 1 (e) and (f) data files show measured Ge 3p and VB region for Ge substrate, after sputtering time of 2190 s of initial 10 nm Tm2O3/Ge sample.

The fitting of doublets due to spin orbit splitting was done using CASA XPS programme, and is also given in the data files.

Figure 2 (a) show data derived from O 1s core level (CL) measured at different sputtering times, giving two areas: (i) the area of O 1s peak relating to Tm2O3 and (ii) the area of O 1s peak relating to interfacial layer vs sputtering time.
The Auger parameter was calculated using the centroid values of the measured O 1s peak and from the O KLL Auger peak as a function of sputtering time – the values are also given in the data file.

Figure 2 (b) and (c) give values of the Tm 4d and Ge 3p CLs measured at different sputtering time to estimate the correct value of the binding energy for these peaks for the interfacial sample; due to the effect of differential charging.

Figure 3 (a) and (b) give values of measured Ge 3d XPS CL and valence band region for bulk GeO2 sample, and Ge 3d CL for thin (interfacial) GeO2/Ge sample, respectively.
The fitting of doublets due to spin orbit splitting was done using CASA XPS programme, and is also given in the data files.

Figure 3 shows absorption coefficient vs photon energy for (c) GeO2 and (d) Tm2O3 samples derived from variable angle spectroscopic ellipsometry (VASE) data using a model described in the paper. The inset in Figure 3 (d) refers to the same data given in (d) but on logarithmic scale for absorption coefficient.

Figure 4 (a) and (b) in the paper show the electron diffraction pattern and high-resolution transmission electron microscopy (HRTEM) image taken on a field emission image-corrected FEI TecnaiTM F20 microscope operating at 200 kV, at the CEMES-CNRS Toulouse.

[bookmark: _GoBack]The electron energy-loss spectroscopy (EELS) profiles for Tm, O and Ge derived from measurements above are plotted directly during the measurement itself and shown in Figure 4(c), hence no .txt file is available for this data. 

The microscope FEI TecnaiTM F20 was equipped with a scanning stage (STEM), allowing a focused one nanometer-sized probe to be scanned over the sample area of interest (in Figure 4 (c), a line crossing the Tm2O3/Ge interface), and also with an imaging filter (Gatan GIF TRIDIEM) used as a spectrometer.
