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Details on materials and methods

Polycrystalline Sng.95-+5Ge0.0sCdxTe and Sno.95.+5Ge0.0sCdxTe(CuzTe)o.0s with x up to 0.24, 6 up to 0.06, were synthesized by
melting the stoichiometric amounts of high purity elements Sn(99.99%), Te(99.99%), Ge(99.999%),Cd(99.999%),Cu(99.99%) at
1223 K for 6 hours, quenching in cold water. The resulting ingots were hand ground into fine powder for X-ray diffraction (XRD).
The samples are hot pressed by an induction heating hot press system' at 900 K for 45 mins under a uniaxial pressure of ~60 MPa
for Snogsx+sGeo.osCdxTe and ~65Mpa for Sng.gs.r+sGeo.0sCdxTe(CuzTe)o.0s. The obtained dense samples (>98% of the theoretical
density) are ~-12 mm in diameter and ~1.5 mm in thickness. Scanning electronic microscopy (SEM) instrument equipped with
an energy dispersive spectrometer (EDS) apparatus was used for characterizing the microstructure and inferring the solubility of
CdTe in SnTe.

The electric transport properties including resistivity, Seebeck coefficient and Hall coefficient of pellet samples are measured
in the temperature range of 300K to 900K under a helium atmosphere. The Seebeck coefficient was calculated by the slope of the
thermopower vs. temperature gradients within 0~5 K2.The resistivity and Hall coefficient (Ry) were measured by the van der
Pauw technique under a reversible magnetic field of 1.5 T. Both the seebeck coefficient and resistivity are measured during
heating and cooling.

The thermal conductivity was determined by k=dC,D, where d is the density measured using the mass and geometric volume
of the pellet. In order to obtain the Thermal diffusivity (D), a laser flash technique with the Netzsch LFA457 system was used.
Similar ~ with  other IV-VI  semiconductors such as PbTe, the heat capacity was determined by
Cp(ks/atom)=[3.07+0.00047(7/K-300)]*-'°, where T is the absolute temperature. The measurement uncertainty for S, o and « is
about 5%. Sound velocities were measured using an ultrasonic pulse-receiver (Olympus-NDT) equipped with an oscilloscope
(Keysight) and average sound velocities are calculated by longitudinal and transverse sound velocities measured.

First-principles calculations were performed based on density functional theory (DFT) as implemented in Vienna Ab-initio
Simulation Package (VASP)!!. The generalized gradient approximation of Perdew, Burke, and Ernzerhof!? was used to calculate
the exchange-correlation energy. A cutoff energy of 450 eV for the plane wave basis and a convergence criterion of 1x107 eV
were applied in all calculations. I'-centered Monkhorst-Pack 4x4x4 k-points were applied to mesh the Brillouin zone. A 3x3x3
rock-salt supercell, which contains 54 atoms, was constructed to simulate SnTe-alloys. We have substituted one, three or five Sn
atoms in the supercell with Cd atoms, corresponding to alloying concentrations of approximately 4%, 11% or 19%, respectively.
To simulate the atomic distributions in SnTe alloys, special quasi-random structures were generated using USPEX'? by
minimizing the structural orders. The effects of spin-orbit coupling (SOC) have also been included in the DFT calculations.

To investigate the effect of Ge on the miscibility of SnTe and CdTe, the energy of mixing is calculated according to the
following equation
AE = Egn, ,_,Ge,cd,Te ~ Bsn, . ,Ge,Te, , — Ecd,Te,

In the SnTe supercell which contains 54 atoms, nine Sn atoms with Cd have been substituted, corresponding to a Cd
concentration y~33%. A Ge alloying concentration x~7.4% is also been considered by substituting two Sn atoms in the supercell.
Based on DFT calculations, the energies of mixing are equal to 59.2 meV/atom and 58.2 meV/atom before and after Ge alloying,
respectively. The results suggest that Ge alloying increases the miscibility of SnTe and CdTe.
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Figure S1. XRD patterns for Sno.75+6Geo.0sCdo2Te (a), SniGeo.osCdxTe(CuaTe)o.os (b) and Sno.75+sGeo.0sCdo.2Te(CuaTe)o.os (),
as well as room temperature Hall carrier concentration for Sno.75+s6Geo.0sCdo2Te (d) and XRD Rietveld refinements to the rock-salt
phase in Sno.70Geo.0sCdo2Te (e) and  Sno.79Geo.0sCdo2Te(CuzTe)o.0s (1).



Element |Element| Element Atomic Weight
Number |[Symbol [Name Conc. Conc.
52 Te Tellurium 35.00 41,73
50 Sn Tin 32.13 35.64
29 Cu Copper 15.94 9.47
32 Ge Germanium 12.40 8.42
48 Cd Cadmium 4.53 4.75
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(f) Elemental compositions for matrix phase

Element | Element | Element Atomic Weight
Number | Symbol | Name Conc. Conc.

52 Te Tellurium 48.60 52.91
50 Sn Tin 32.15 32.56
48 Cd Cadmium 9.52 9.13
29 Cu Copper 8.23 4.46
32 Ge Germanium 1.50 0.93
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Figure S2. SEM images with composition mappings (a, b, ¢, d) by EDS for Sno.osGeoosTe (a) Sno.75Geo.osCdooTe (b)
Sno.79Geo.0sCdo.2Te (c) and Sno.79Geo.0sCdo2Te(CuzTe)oos (d), and the compositions for precipitates (e) and for matrix (f) in
Sno.79Geo.0sCdo.2Te(CuaTe)o.os -
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Figure S3. Temperature-dependent Hall coefficient (a, b, ¢) and Hall mobility (d, e, f) for Sno.s..Geo.os CdiTe (a, d),

Sno.75+5Geo.0s Cdo2Te (b, €) and Sng.7s+sGeo.os Cdo2Te(CuzTe)oos (¢, T), with a comparison to those of Sngg7Cdo.o3Te'* and pristine
SnTe'>.
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Figure S4. Temperature-dependent Seebeck coefficient (a), resistivity (b), total and lattice thermal conductivity (c) and
thermoelectric figure of merit (d) for Sno.7s+sGeo.0sCdo2Te with a comparison to those of Sno.97Cdo03Te!* and pristine SnTe'”
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Figure S5. Temperature-dependent Seebeck coefficient (a), resistivity (b),
thermoelectric figure of merit (d) for Sni«Geo.osCdxTe(CuzTe)o.0s, with a comparison to those of SnTeo.os(CuzTe)o.0s',
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Figure S6. Longitudinal (v/), transverse (v;) and average (v) sound velocities at room temperature for Sno.9s5.«Geo.osCd.Te.
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Figure S7. Temperature-dependent Seebeck coefficient (a), resistivity (b), total and lattice thermal conductivity (c) for

Sno.79Cdo2Geo.osTe(CuaTe)o.os synthesized and/or measured repeatedly.
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