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Fig. S1. Total density of states of pristine PbTe (Pb;,Tes,) with full scale (a) and near the Fermi
level (b), where sky blue line is the Fermi level.
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Fig. S2. Total density of states of Pb vacant PbTe (Pbs;Tes,, blue line) with pristine PbTe (gray
line) for comparison with full scale (a) and near the Fermi level (b), where sky blue line is the
Fermi level.
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Fig. S3. Total density of states of Te vacant PbTe (Pbs,Tes;, blue line) with pristine PbTe (gray
line) for comparison with full scale (a) and near the Fermi level (b), where sky blue line is the
Fermi level.
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Fig. S4. Total density of states of Pb interstitial doping in PbTe (Pbs;Tes;, blue line) with

pristine PbTe (gray line) for comparison with full scale (a) and near the Fermi level (b), where
sky blue line is the Fermi level.
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Fig. S5. Total density of states of Te interstitial doping in PbTe (Pbs,Tess, blue line) with

pristine PbTe (gray line) for comparison with full scale (a) and near the Fermi level (b), where
sky blue line is the Fermi level.
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Fig. S6. Total density of states of Pb antisite defect at Te-site in PbTe (Pbs;Tes;, blue line) with

pristine PbTe (gray line) for comparison with full scale (a) and near the Fermi level (b), where
sky blue line is the Fermi level.
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Fig. S7. Total density of states of Te antisite defect at Pb-site in PbTe (Pbs;Tess, blue line) with
pristine PbTe (gray line) for comparison with full scale (a) and near the Fermi level (b), where
sky blue line is the Fermi level.
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Fig. S8. Total density of states for antisite defect pairs of Pby. and Tep, in PbTe (Pb;,Tes;, blue

line) with pristine PbTe (gray line) for comparison with full scale (a) and near the Fermi level
(b), where sky blue line is the Fermi level.
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Fig. S9. Total density of states for defect clusters of Pb interstitial and 2 Pbr, antisite defect in

PbTe (PbssTes, blue line) with pristine PbTe (gray line) for comparison with full scale (a) and
near the Fermi level (b), where sky blue line is the Fermi level.
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Fig. S10. Pb-, Te-, and La-projected partial density of states in La-doped PbTe (LaPbs;Tes;)

(a) and the partial density of states of La-projected ones for each orbitals, where sky blue line
is the Fermi level.
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Fig. S11. Pb-, Te-, and Hf-projected partial density of states in Hf-doped PbTe (HfPbs,Tes,)

(a) and the partial density of states of Hf-projected ones for each orbitals, where sky blue line
is the Fermi level.
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Fig. S12. Pb-, Te-, and Ta-projected partial density of states in Ta-doped PbTe (TaPbs,Tes,)

(a) and the partial density of states of Ta-projected ones for each orbitals, where sky blue line
is the Fermi level.
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Fig. S13. Pb-, Te-, and In-projected partial density of states in In-doped PbTe (InPbs,Tes;) (a)
and the partial density of states of In-projected ones for each orbitals, where sky blue line is
the Fermi level.
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Fig. S14. Pb-, Te-, and Bi-projected partial density of states in Bi-doped PbTe (BiPbs;Tes;) (a)
and the partial density of states of Bi-projected ones for each orbitals, where sky blue line is
the Fermi level.

14



~~
jab)
—

(Pb;,Sb)Tes,

S

eeseee PbProj DOS
= === Te¢ Proj DOS
e Sb Proj DOS

s Fermi level

Projected DOS
(states/eV/atom)

(b) Energy (eV)

e Sh s proj- DOS
=== Sb p proj- DOS
=== Sb d proj- DOS

s ermi level

Projected DOS
(state/eV/atom)

%

S5 4 3 -2 -1 0 1 2 3 4 5
Energy (eV)

Fig. S15. Pb-, Te-, and Sb-projected partial density of states in Sb-doped PbTe (SbPbs;Tes;)

(a) and the partial density of states of Sb-projected ones for each orbitals, where sky blue line
is the Fermi level.
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Fig. S16. Pb-, Te-, and I-projected partial density of states in I-doped at Te-site PbTe
(Pb;,Tes ) (a) and the partial density of states of Sb-projected ones for each orbitals, where
sky blue line is the Fermi level.
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Fig. S17. Pb-, Te-, and Sn-projected partial density of states in Sn-doped PbTe (SnPbs;Te;;)

(a) and the partial density of states of Sn-projected ones for each orbitals, where sky blue line
is the Fermi level.
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Fig. S18. Transmission electron microscope (TEM) images of pristine PbTe (a), Pb 4 % excess
doped PbTe (b), Pb 8 % excess doped PbTe (c), Bi 0.5 % doped Pbyg9sBigg0sTe (d), Bi 2 %
doped Pbo.ggBio.ozTe (C), and Bi4 % doped Pb0.96Bi0.04Te (f)
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Fig. S19. Representative defect configurations: (a) pristine PbTe, (b) Pb interstitial and 2 Pb
atomic substitution in Te site Pb;,-2Pbr., (¢) Bi doping at Pb site, (d) nearest neighbor Bi pair

at Pb site, (e) nearest neighbor Bi pair at Pb-site with Pb vacancy, and (f) 3 Bi atomic
substitution at Pb site with one Pb vacancy.
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Fig. S20. Band structures of substitutional Bi at Pb (a), nearest neighbor Bipy, pair (b), 2Bip},-

Vpy, defect complex (c¢), and 3Bipy,-Vp, defect complex (d).




(a) Bipy-Bipp, pair

~——Perfect PbTe TDOS
e defect TDOS
~—E-Fermi

Total DOS
[states/eV/supercell]
Ln
(=]

=]

1
(8]

22 -1 0 1 2 3
Energy with respect to CBM [eV]

(b) 2Bip,-Vp, complex
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Fig. S21. Density of states of nearest neighbor Bip, pair (a), 2Bipy,-Vp, defect complex (b), and
3Bip,-Vpy, defect complex (c).
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