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1. DFT Calculations 

DFT calculations were performed by using the exchange and correlation functional 

due to Perdew, Burke, an Ernzerhof (PBE) [1] and the norm conserving pseudopotentials 

from Goedeker, Teter, and Hutter [2,3]. Kohn-Sham (KS) orbitals were expanded in 

Gaussian-type orbitals of a valence triple-zeta-valence plus polarization basis set, while a 

basis set of plane waves up to a kinetic energy cutoff of 100 Ry was used to represent the 

charge density as implemented in the CP2k package (http://www.cp2k.org) [4]. We also 

included the semiempirical correction due to Grimme [5] for van der Waals interactions, 

as we have done in our recent work on other GGST alloys [6]. A model of liquid GST212 

in a cubic 216-atom supercell was first equilibrated at 2000 K for 20 ps. A time step of 2 fs 

was used in the molecular dynamics simulations. The initial configuration was chosen as 

a special quasirandom structure of the metastable cubic phase of GST alloys with the cat-

ionic (anionic) sublattice occupied by 86 atoms of Ge (Te) and 22 atoms of Sb resulting in 

an actual composition of Ge2Sb1.02Te2. The initial density was 0.0318 atoms/Å3, which is 8% 

lower than the density of the cubic phase as it was reported for GST225 [7]. Then, we 

performed a second equilibration at 1000 K for 18 ps. The amorphous model was then 

generated by quenching the liquid from 1000 to 300 K in 100 ps at constant pressure with 

only isotropic changes of the simulation cell. The resulting equilibrium density at 300 K 

was 0.0313 atoms/Å3, obtained as the average density of a 6 ps trajectory at constant pres-

sure. The structural properties were computed by averaging over a 12 ps trajectory at con-

stant temperature and constant volume. Finally, the atomic geometry was optimized at 

zero temperature at fixed volume to compute the electronic density of states reported in 

the article. 



 

 

 

Figure S1. Total and partial pair correlation functions of the DFT model of amorphous GST212 at 

300 K. The dashed lines indicate the bonding cutoff used to define the coordination numbers, which 

is 3.2 Å for all pairs except for Sb-Te for which the bonding cutoff was set to 3.4 Å. 

 

Figure S2. Bond angle distribution function of the DFT model of amorphous GST212 at 300 K. The 

total distribution and the distributions resolved for the different types of the central atom are shown. 



 

 

 

Figure S3. Distribution of the coordination numbers of the DFT model of amorphous GST212 ob-

tained by using the bonding cutoff defined by the partial pair correlation functions in Figure S1. 

Table S1. Average coordination numbers for different pairs of atoms computed from the partial 

pair correlation functions (Figure S1) for the DFT model of amorphous GST212. 

- Total With Ge With Sb With Te 

Ge 3.90 1.06 0.66 2.18 

Sb 3.78 1.29 1.03 1.46 

Te 2.98 2.18 0.75 0.05 

 

Table S2. Percentage fraction of the different types of bonds in the DFT model of amorphous 

GST212. 

- Ge Sb Te 

Ge 12.06 14.99 49.45 

Sb - 5.97 16.90 

Te - - 0.63 

 

 

Figure S4. Distribution of the local order parameter q for tetrahedricity resolved for atomic species 

and coordination number for amorphous GST212. To obtain a continuous distribution, the order 



 

 

parameter for individual atoms is broadened with a Gaussian function 0.005 wide. The local order 

parameter q was introduced in [8] and it is defined by q = 1 −
3

8
 ∑ [

1

3
+ cosθijk ]i<k  where the sum 

runs over the couples of atoms bonded to a central atom j and forming a bonding angle θ ijk. The 

order parameter evaluates q = 1 for the ideal tetrahedral geometry and q = 5/8 for a four-coordinated 

defective octahedral site. As shown in our previous work [9], the integration of the q distribution of 

the 4-coordinated Ge atoms from 0.8 to 1.0 gives a measure of the fraction of Ge atoms tetrahedrally 

coordinated, which turns out to be 45.2% for GST212. 

 

Figure S5. Ring distribution function of amorphous GST212. 

2. XPS Fit Results 

Table S3. Binding energies, amplitudes, Lorentzian widths, Gaussian widths of the Te 4d, Sb 4d and 

Ge 3d core levels as a function of the deposited thickness for sample A. 

Phase Core level BE (eV) Amplitude L-width G-width 

Sb2Te3 
Te 4d5/2 39.98 3104.3 0.62 0.69 

Sb 4d5/2 32.63 1938.2 0.62 0.59 

+1 nm GGST 

Te 4d5/2 40.06 1064.48 0.62 0.74 

Sb 4d5/2 32.18 582.2 0.62 0.47 

Ge 3d5/2 29.62 242.3 0.55 0.70 

+2 nm GGST 

Te 4d5/2 40.17 1274.2 0.62 0.79 

Sb 4d5/2 32.17 626.8 0.62 0.53 

Ge 3d5/2 29.64 394.2 0.55 0.80 

+4 nm GGST 

Te 4d5/2 40.28 1832.5 0.62 0.78 

Sb 4d5/2 32.30 850.5 0.62 0.74 

Ge 3d5/2 29.70 587.8 0.55 0.75 

+8 nm GGST 

Te 4d5/2 40.27 2252.8 0.62 0.79 

Sb 4d5/2 32.32 932.3 0.62 0.78 

Ge 3d5/2 29.72 683.9 0.55 0.78 

+16 nm GGST 

Te 4d5/2 40.23 2296.2 0.62 0.86 

Sb 4d5/2 32.37 941.0 0.62 0.84 

Ge 3d5/2 29.70 786.8 0.55 0.85 

+24 nm GGST 

Te 4d5/2 40.34 2340.9 0.62 0.86 

Sb 4d5/2 32.38 940.6 0.62 0.83 

Ge 3d5/2 29.78 783.2 0.55 0.86 

 



 

 

Table S4. Binding energies, amplitudes, Lorentzian widths, Gaussian widths of the Te 4d, Sb 4d and 

Ge 3d core levels as a function of the deposited thickness for sample B. 

Phase Core level BE (eV) Amplitude L-width G-width 

a-GST225 

Te 4d5/2 40.34 3359.2 0.65 0.92 

Sb 4d5/2 32.81 788.2 0.66 0.65 

Ge 3d5/2 30.34 195.1 0.46 0.74 

x-GST225 

Te 4d5/2 40.02 3167.0 0.65 0.70 

Sb 4d5/2 32.61 1131.1 0.66 0.54 

Ge 3d5/2 29.59 291.6 0.46 0.66 

+1 nm GGST 

Te 4d5/2 40.07 1458.4 0.65 0.83 

Sb 4d5/2 32.35 353.5 0.66 0.75 

Ge 3d5/2 29.65 287.6 0.46 0.85 

+2 nm GGST 

Te 4d5/2 40.20 1742.3 0.65 0.80 

Sb 4d5/2 32.35 713.1 0.66 0.75 

Ge 3d5/2 29.70 440.3 0.46 0.85 

+4 nm GGST 

Te 4d5/2 40.27 2492.2 0.65 0.79 

Sb 4d5/2 32.44 932.8 0.66 0.75 

Ge 3d5/2 29.79 585.0 0.46 0.85 

+8 nm GGST 

Te 4d5/2 40.35 2614.2 0.65 0.80 

Sb 4d5/2 32.44 956.9 0.66 0.76 

Ge 3d5/2 29.85 670.9 0.46 0.85 

+16 nm GGST 

Te 4d5/2 40.35 2479.6 0.65 0.86 

Sb 4d5/2 32.44 907.7 0.66 0.76 

Ge 3d5/2 29.84 642.0 0.46 0.85 

+24 nm GGST 

Te 4d5/2 40.35 2597.5 0.65 0.82 

Sb 4d5/2 32.49 1001.9 0.66 0.86 

Ge 3d5/2 29.84 690.5 0.46 0.90 

 

Table S5. Evolution of the composition across heterostructure A. 

Phase %Ge %Sb %Te 

Sb2Te3 -- 0.43 0.57 

+1 nm GGST 0.29 0.28 0.43 

+2 nm GGST 0.36 0.24 0.40 

+4 nm GGST 0.38 0.22 0.40 

+8 nm GGST 0.37 0.21 0.42 

+16 nm GGST 0.40 0.20 0.40 

+24 nm GGST 0.40 0.20 0.40 

 

Table S6. Evolution of the composition across heterostructure B. 

Phase %Ge %Sb %Te 

a-GST225 0.12 0.21 0.67 

x-GST225 0.17 0.25 0.58 

+1 nm GGST 0.29 0.22 0.49 

+2 nm GGST 0.33 0.22 0.45 

+4 nm GGST 0.32 0.21 0.47 

+8 nm GGST 0.34 0.20 0.46 

+16 nm GGST 0.35 0.20 0.45 



 

 

+24 nm GGST 0.35 0.21 0.44 
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