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Figure S1: XPS spectra of the shallow Te 4d, Sb 4d and Ge 3d core levels of GGST2 sample: as-grown (a), after
mild Ar" sputtering (b), after annealing at 260 °C (c), and after annealing at 300 °C (d). Contrary to (a) and (b),
the spectra reported in (c) and (d) show the presence of Sb 4d and Ge 3d core levels originating from the GST
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phase. The Te 4d doublet in (a) and (b) is found at the typical BE value of metallic Te (40.7 eV) and shifts
toward lower BE, to the BE of GST, after heating of the sample. In the inset, LEED pattern of GGSTI after Te-
decapping.

Figure S1 shows the XPS spectra of the Te 4d, Sb 4d, Ge 3d shallow core levels collected on the GeTe-rich film
GGST?2 (a) as-grown and after (b) Ar" sputtering and annealing at (c) 260 °C and (d) 300 °C. Contrary to (a) and
(b), the spectra of the sample after annealing both display the Ge 3d (30 eV), and Sb 4d (33 eV) core levels
doublets originated from the GST layer. By inspection of Figure S1, a shift of the Te 4d core levels can be
detected in (c), with Te 4ds, moving after annealing from 40.7 eV of metallic Te (sample as-grown and
sputtered) to 40.2 eV of Te in GST lattice. An analogous trend can be observed for the Te 3d levels (see Figure
S2). Since the BE of the Te 4d and Te 3d levels in both the as grown and the sputtered samples is compatible
with the one of metallic Te, we conclude that the complete desorption of the Te capping layer is not induced by a
mild Ar" sputtering but requires a subsequent heating of the samples. This is confirmed by all the above
observations concerning the appearance in (c) and (d) of the Sb and Ge core levels peaks previously listed and
attributed to the GST phase (see Figure S1, and Figure S2). Furthermore, the XPS spectra of the Te 3d levels of
the as-grown sample and after Ar" sputtering reported in Figure S2 (spectra (a) and (b) respectively) only reveal
small differences but a drastic reduction in the intensity of the peak at 576 eV associated to TeOx compounds.
These observations confirm that the conditions employed during Ar® sputtering can successfully promote the
almost complete removal of superficial TeOx formed upon oxidation of the Te capping layer following samples
exposure to air. Minimal amounts of oxygen are still detectable in the form of GeOx compounds (see Figure S2

(c) and (d)).
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Figure S2. XPS spectra of the Ge 2p (left panel) and Te 3d (right panel) core levels measured on the GeTe-rich
sample GGST2 (a) as-grown and after (b) mild Ar+ sputtering followed by (c) annealing at 260 °C and (d)

annealing at 300 °C. As opposed to (a) and (b), the spectra (c) and (d) reported in the left panel clearly reveal

the presence of Ge 2p core levels originating from the GST layer. As already observed for Te 4d shallow core

levels (see Figure S1), the position of the Te 3d levels shifts from the characteristic value of metallic Te (about

575 eV) toward lower BE upon sample heating at 260 °C (spectra (c) and (d) in the right panel). The Te 3d

levels collected on the sample as-grown and after Ar+ sputtering (spectra (a) and (b) in the right panel,

respectively) also reveal a drastic reduction after sputtering in the intensity of the peaks associated to TeO;

compounds _formed upon surface oxidation of the Te capping layer after sample exposure to air.

S3



Table S1. Optimized lattice parameters at the DFT-PBE level of the GST models in the hexagonal setting.

Lattice GST 124 GST 225 GST 528 GST 112 14
parameters
a (&) 4210 4191 4174 4202
c &) 13.630 17.062 27.188 47445

Table S2. Fitting parameters for Te 4ds;, Sb 4ds; and Ge 3ds;, core levels.

Annealing at 260 °C Annealing at 300 °C
Sample Level
Position (eV) FWHM (eV) Position (eV) FWHM (eV)

Te 4dsp 40.2 1.76 40.2 1.71
GST225 Sb 4dsp 32.8 1.41 32.8 1.42

Ge 3dsp 29.7 1.20 29.8 1.23

Te 4dsp 40.2 1.73 40.2 1.68
GGST1 Sb 4ds;» 32.7 1.43 32.8 1.43

Ge 3dsp 29.7 1.17 29.7 1.13

Te 4dsp 40.2 1.72 40.2 1.65
GGST2 Sb 4ds» 32.8 1.42 32.8 1.39

Ge 3dsp 29.7 1.22 29.7 1.14

S4




GST528

GST225

Density of states (Arb. unit)

-20 -15 -10 -5 0
Energy (eV)

Figure S3: Electronic density of states of the trigonal GST124, GST225, GST528 projected on atomic s
and p pseudowavefunctions.
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