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Defect formation energy calculation. Defect formation energy was calculated using
the density functional theory (DFT) method via the Vienna ab initio simulation
package (VASP). A method combining the projector augmented wave (PAW) method
with the generalized gradient approximation of Perdew-Burke and Ernzerhof (GGA-
PBE) was applied. A plane wave cutol[] energy of 500 eV, an electronic convergence
criterion of 107> eV, and the Monkhorst-Pack method with 7x7x7 k-mesh were used.
The magnetic moment of 0.6 (z axis) in order to consider the spin-orbit coupling
effect.

The formation energy of Pb or Te vacancy was calculated using Eq. (1)!:
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E,(Vy)=E,(Vy)+ EMy,)-E,, (D
where M represents the Pb or Te atoms, and E,,; and E,,(VM) are the total energies of
the supercell before and after the introduction of the additional Pb or Te vacancy
respectively, E(Myyk) is the energy of a single Pb or Te in its ground state bulk phase.
The formation energy of the substitutional Sb in Pb or Te site was calculated using Eq.
(2

Ef (Sby) = E,, (Sby, )+ E(Sb) - E

o~ EM) 2)
where M represents the Pb or Te atoms, and E,,, and E,,(Sby) are the total energies of
the supercell before and after the Sb substituting Pb or Te site respectively, £(Sb) and
E(M) are the energy of a single Sb atom and Pb or Te atom in its ground state bulk
phase, respectively.

Thermal conductivity calculation. Theoretical lattice thermal conductivity, k;, was

calculated by the Boltzmann transport equation basing on the Debye model as shown

in Eq. (3):

K = KB (KBT)3€L]./TZ_ e—xx4dx (3)
Y o2z’v, s h T (e -1y

Where «; is the lattice thermal conductivity, /7 is the reduced Plank constant, xp is the
Boltzmann constant, 7 is absolute temperature, 6y is the Debye temperature, v, is an
averaged phonon group velocity, x is a dimensionless quantity defined by x = hw/xgT
(where o is the phonon frequency) and 7. is the combined phonon scattering
relaxation time calculated by Callaway model as shown in Eq. (4) to (9)>#:

-1

T, = TN_I + TU_I + TPD_l (4)

where 7y, 7y, and 7pp are the relaxation times of Normal scattering, Umklapp
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scattering and alloying, respectively. Each relaxation time was evaluated as in Eq. (5)

- (7).
_ hy?
TUI = M a)zTexp(—é’D /3T) (5)
) = pr;) (6)
L@,
Z'Pll) = F‘EFM (7)

Here, y, M, Vy, p, I are the Griineisen parameter, the average mass of an atom, the
volume per atom, the ratio of normal phonon scattering to Umklapp scattering, and
the mass-fluctuation phonon scattering parameter, respectively. The relation of the
average group velocity v,, is represented as in Eq. (8), where v, is the longitudinal

sound velocity and vy is the transversal sound velocity.

Wi

11 2|
v, = {—(—3+—3)} (8)
3 v, v
The mass-fluctuation phonon scattering parameter I' is represented as in Eq. (9),
where f; is the fractional concentration of the atom and M; is the atomic mass of each

atom i.

M,
g -2t

avg

Mavg :ZfiMi

©)

Required parameters are the followings. Phonon group velocities were chosen as 2919
m/s for the longitudinal mode and 1620 m/s for the transverse mode’, Debye
temperature and Griineisen parameter ware set to be 136 K and 1.96°.  was picked as

a fitting parameter as chosen as 2.1,
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Table S1. Lattice constants, experimental densities, theoretical densities and relative

densities for Pb;_,Sb,Te alloys.

Experimental  Theoretical

Compositions Lattice A Density Density Rel.ati\;e
constants(A) (g/em’) (g/em’) density(%)
x=0.2% 6.4609 8.040 8.245 98
x=0.5% 6.4616 8.013 8.235 98
x=0.7% 6.4618 7.976 8.230 97
x=1.0% 6.4608 8.108 8.228 98
x=1.2% 6.4591 8.053 8.230 98
x=1.5% 6.4618 7.995 8.213 97
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Figure S1 Temperature dependence of (a) the heat capacities derived from the
equation of Cp (kg atom)=3.07+4.7x1074x(7/K—-300)’, (b) the Lorenz numbers
calculated from the equation of L=1.5+exp(-|S|/116)%, (¢) the thermal diffusivities, and

(d) the electronic thermal conductivities for Pb,_Sb,Te alloys.
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Figure S2 XRD patterns with Rietveld refinement of Pb;,Sb,Te bulk alloys for (a)

x=0.2%, (b) x=0.5%, (¢) x=0.7%, (d) x=1.0% (€) x=1.2%, and (f) x=1.5%.
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Figure S3 Comparison of (a) electrical conductivity, (b) Seebeck coefficient and (c)

thermal conductivity for 1.5% Sb doped PbTe alloys in this work and reported work.
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Figure S4 The resistance dependence of the ratio of magnetic field intensity to Pb;.
SbyTe samples thickness (B/¢) for (a) x=0.2%, (b) x=0.5%, (¢) x=0.7%, (d) x=1.0%
(e) x=1.2%, and (f) x=1.5%. The slope of the resistance versus B/t is the Hall

coelcient (Rpy).
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