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SUPPLEMENTARY INFORMATION

RHEED study of GeTe growth onset on Si(111)-(V3xV3)R30-Sb at low Ge flux
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Figure S1 — (a) Specular beam intensity oscillations close to growth onset in the case of a

half Ge flux growth. (b) {-211} lattice planes spacing calculated from the RHEED streak

spacing.

In order to rule out the possibility for the phenomenon observed to be a kinetic effect, a
similar deposition was performed with a reduced growth rate; with a Ge flux reduced by
~50%. Indeed, as shown in Figure Sl1(a), the period of the two first specular RHEED
intensity oscillations doubled. The first minimum was found at t=100s, the first maximum at
t=200s, and second maximum at t=400s. Exactly the same changes in lattice spacing
aforementioned were also observed in this case: As shown in Figure S1(b), the in-plane

lattice spacing immediately at growth onset is calculated to be 2.46 A, and within the two first



RHEED intensity oscillations, it is lowered to a value of 2.41 A, which corresponds to the
expected value for bulk a-GeTe. Therefore it is concluded that the changes observed at

growth onset are thermodynamically driven, and not due to growth kinetics.

Raman spectra magnified in the 100-200 cm™ shift range for 0.5, 1, and 2 BL samples
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Figure S2 — Raman spectra for 0.5, 1, and 2 BL samples fitted using Guaussian functions.

The red curve shows the Raman feature originating from the Sb-passivation. The two blue

curves represent modes from GeTe, and the orange line shows the cumulative fitted curve.

The Raman features in the 2 BL sample are best resolved after fitting by Guaussian functions
in a magnified viewgraph. The contribution from the Sb-passivation is shown by the red
curves; it is the only feature present in the 0.5 and 1 BL spectra. The 2 BL sample clearly
yields additional modes that can be ascribed to GeTe, represented by blue curves. These

modes positioned at 120 and 160 cm’ are consistent with the (E) and (A1) modes



strengthening described in Figure 3(b), the relative intensity between the two modes is also
well respected. A comparison with the silicon reference with no surface preparation is also
shown (native oxide surface); the feature stemming from the Sb-passivation is of course

absent.

STEM-HAADF images on ultra-thin GeTe films

Silicon

Figure S3 — STEM-HAADF micrograph of a nominal 1 BL thick GeTe film grown on
Si(111)-(N3x\3)R30°-Sb. The row of atoms in brighter contrast at the interface are ascribed

to the Sb atoms passivating the silicon substrate.

Ongoing STEM investigations highlight that the designed Sb passivation of the initial
Si(111) surface is preserved after the deposition of the GeTe layer. Thus, intermixing can be
ruled out as the origin for the larger than expected in-plane lattice spacing observed in
RHEED (Figure 1(d)). The crystalline order in the GeTe film itself has been perturbed on this
micrograph, and the most probable cause is prolonged exposure to ambient air, causing GeTe
to oxidize. '* The Raman data presented in Figure 3(a) demonstrate that the film was not

amorphous after growth and deposition of the capping layer. Even an ultra-thin layer of



amorphous material would immediately yield Raman features associated to the hybridized
tetragonal Ge-Te bonds.> A Bose peak in the range of low frequency shifts would also be
observed.* Therefore, it is determined that the sample was altered at some point in the

timeframe after growth and before imaging.

Detailed description of the DFT calculations:

We computed the Raman spectrum from phonons at the I point within density functional
perturbation theory (DFPT). ° The differential cross section for Raman scattering (Stokes) in
non-resonant conditions is computed from phonons and the derivatives of the static electronic

susceptibility with respect to atomic displacements as described in our previous works. 6

In the article we report the theoretical Raman spectrum and the frequency of A; and E
modes for a thick slab of GeTe with a numbers of layers free to move and few bottom layers
frozen mimicking the surface substrate. The layers free to move are equal in number to those
of the multilayers grown experimentally (1 - 4 BL). The in-plane lattice parameter is fixed to
the theoretical bulk value as obtained in our previous work. ’ For multilayers thinner than the
4 BL we also considered the in-plane lattice parameters fixed to the experimental value as
measured during the MBE growth. Equilibrium geometries were obtained by optimizing the

internal structure at the fixed in-plane lattice parameters.

Moreover we also considered free standing multilayers, i.e. without the frozen layers at the
bottom, with different choices of the in-plane lattice parameters: the bulk theoretical ones
(a=4.208 A and c=10.749 A in the hexagonal setting), the experimental ones for the

multilayers, or the theoretical ones obtained by fully relaxing the slab geometries.

In the multilayers there are several E and A; modes ideally corresponding to the folding at

I of bulk-like phonon branches along the ¢ axis of the multilayers. The mode with the largest



Raman activity has actually the lower frequency for both the A; and E modes due to the

upward curvature of the phonon bands from the I point along the ¢ axis (see for instance ’).

The phonon frequency of the most intense Raman mode for the multilayers with different
choices of the in-plane lattice parameters are reported in Tables S1-3. The in-plane lattice
parameter shrinks sizably with respect to the bulk which leads to an enhancing of the

difference between short and long (resonating) bonds with respect to the bulk.

d. (A) di (A) Emode | A; mode
(em™) (em™)
1BL 2.65 - 148 198
2 BL 2.82 3.31 141 188
4 BL 2.82 3.31 132 175

Table S1 — Frequency of the main Raman active A; and E modes for free-standing
multilayers with bulk in-plane lattice parameters. ds and d; are respectively the lengths of the

short and long Ge-Te bonds to be compared with the theoretical values of d;=2.85 and

d;=3.214 in the bulk.

an (A) d. (A) di (A) Emode | A; mode
(cm™) (cm™)
1BL 3.93 2.75 - 166 226
2 BL 4.05 2.79 3.32 155 205
4 BL 4.12 2.82 3.26 140 184

Table S2 — Frequency of the main Raman active A; and E modes for free-standing
multilayers with optimized lattice parameters. ay is the in-plane lattice parameter in the

hexagonal setting.



an (A) d. (A) di (A) Emode | A; mode
(cm™) (cm™)
1BL 4.26 2.85 - 144 191
2 BL 4.26 2.83 3.32 136 181

Table S3 — Frequency of the main Raman active A; and E modes for free-standing

multilayers with in-plane lattice parameters fixed to experimental one for the GeTe

monolayer.
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