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Table S1. Le Bail refined structural parameters of doped Gele samples

GeTe Geo.995Zr0.00sTe GegosLagoaTe GeoosYoo2Te GeoosVoorTe GeooosHfp.o0sTe Geo.oosMoo.oosTe

a(A)  4.1654(1) 4.1654(1) 4.1649(2) 4.1669(2) 4.1672(1) 4.1636(1) 4.1641(2)
Hexagonal
setting c(A) 10.6698(3) 10.6613(4) 10.6712(5)  10.6711(6)  10.5725(9) 10.6681(6) 10.6697(5)
V(A% 160.326(3) 160.199(6) 160.31(2) 160.49(9) 159.00(1) 160.16(4) 160.23(9)
Rhombohe- a(A)  4.2933(1) 4.2910(2) 4.2936(3) 4.2942(2) 4.2671(2) 4.2923(2) 4.2929(3)
dral setting o (°)  58.038(1) 58.073(1) 58.027(1) 58.487(1) 53.457(1) 58.026(1) 58.025(1)
Impu- Ge Ge Ge Ge Ge / Ge
rity
a(A) 5.6558(2) 5.6553(3) 5.6572(5) 5.6565(3) 5.6575(3) / 5.6557(6)
R, 10.9 12.6 17.8 17.2 17.1 13.2 13.1
Ryp 14.5 15.1 20.3 20 21.9 16.3 16.9
v 2.03 3.11 1.67 2.1 3.31 1.74 2.51

As mentioned in the manuscript, the high values of the agreement factors (R, Rwp, ¥*) from the fitted patterns are
due to the anisotropic peak broadening arising due to the defects in these GeTe compounds.
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Figure S1. Experimental and simulated XRD pattern of Geo.osVo.02Te compound showing Bragg peaks with larger
tails i.e., more Lorentzian character. Pseudo-Voigt function, Ve(x) = n L(x) + (1-n) G(x), where L(x) and G(x) are
the Lorentzian and Gaussian functions, while n is the refined mixing parameter and it shifts the profile more
towards pure Gaussian or pure Lorentzian when approaching 0 or 1 respectively.
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Table S2. Band gap at L-point, and the energy difference between the two valence band maxima from the DFT

calculations.

Ba;f:) g?lf)t at z(l f\ﬁ )z
(eV)

Y GegsTees 0.254 0.065
HfGessTess 0.302 0.028
NbGess Tess 0.353 -0.026
VGessTess *0.251 0.065
MoGess Teess -- 0.012
RuGessTess -- -0.047

(*) estimated band gap without considering the intruder state
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Table S3. Parameters (band gap at L-point, energy difference between the two valence band maxima) extracted
from the DFT calculations with different cell sizes for Zr-doped GeTe.

Band gap at
L-point AELs
Zr % (eV) (eV)
ZrGesiTes; 3.13% 0.386 0.057
ZrGes3Tess 1.56 % 0.306 0.024
ZI‘G6107T6108 0.93 % 0.280 0.040
GegsTees 0.00 % 0.226 0.069
Extrapolation 0.50 % 0.255 0.053

Energy (eV)

Figure S2. Band structures of Zr-doped Gele computed with a larger size of the cell, i.e., for ZrGeo;Te ps cubic
model
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Figure S3. Le Bail refined room temperature XRD pattern of Geg.o9sZro.00sTe. The experimental pattern is plotted
in red, the calculated pattern in black and the difference in blue. The vertical ticks indicate the Bragg positions of
rhombohedral Gele phase (black) and secondary cubic Ge-phase(red).
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Table S4. Le Bail refined structural parameters of stochiometric Gey.o95 Zro.00sTe and Ge-deficit Geo.os Zro.o0sTe

GepgosZrooosTe  GeoosZrogosTe

a(A) 4.1654(1) 4.1668(1)
Hexagonal
setting c(A) 10.6613(4) 10.6613(4)
V (A% 160.199(6) 160.307(5)
Rhombohedral a(A) 4.2910(2) 4.2914(2)
setting a (°) 53.399(1) 58.087(1)
Impurity Ge Ge
a(A) 5.6553(3) 5.6577(5)
% wt. 0.7(2) 0.7(2)
R, 12.6 14
Ryp 15.1 17.9

X 3.11 2.23
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Figure S4. XRD pattern of Sbo.1Zv0.005Geo.ssTe. * denotes secondary cubic Ge-phase (impurity).
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Table S5. Le Bail refined structural parameters of Gey.so5 Zro.0058bo.1Te and Geg.ssZro.0058bo.1Te

Geo.895Z10.00sSbo.1 Te Geo.s8Zro.00sSbo.1Te

a(A) 4.1984(4) 4.1997(3)
Hexagonal

setting c(A) 10.537(1) 10.530(1)
V (A%) 160.85(3) 160.84(3)
Rhombohe- a(A) 4.2675(5) 4.2660(4)
dral setting o (°) 58.931(1) 58.974(1)

Impurity Ge Ge
a(A) 5.6553(3) 5.6547(2)

R, 23.4 23.9

Rup 27.3 27.9

2 10.4 11.6
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Figure S5. First-principle calculations on the SbsZrGes;Tess cubic model showing the band structures highlighting
(b) Zr projections (in green) and (c) Sb projections (in red). The band structure that was shown in Figure 14 in the
main text was computed for an arrangement, where Sb atoms are far away from the center atom, but not all at the
same distance. The one that is shown here in SI is computed with an arrangement, where all the Sb atoms are 4"

neighbors of the central atom. The differences between the two structures are small and they show consistent
results.



