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1. Calculation of room-temperature Hall carrier mobility as a function of the carrier

concentration
The Hall mobility can be expressed as:

eT()F 1(’7)

2
H™ o«
where e is a quantity of unity charge, m* is the effective # mass of the charge carriers. F,(7) is Fermi integral

calculated from specific reduced chemical potential, # = E¢/kT. 1 is the relaxation time, which is related to

the energy in the case of acoustic phonon scattering, and can be defined as
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in n-type PbTe, C;;=105.3 GPa and E4.s=24 eV, the former is a combination of elastic constant and the latter

T, =

denotes the deformation potential and describes the carrier scattering strength by acoustic phonons.
The parameter 1 is a specific reduced chemical potential, which can be deduced from the Hall charge-

carrier concentration
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where ry 1s the Hall factor and defined as
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2. The XRD, thermoelectric properties, and hall measurements of iodine doping PbTe
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Figure S1. XRD patterns for samples of PbTe, I, (x =0 ~ 0.006).
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Figure S2. Temperature-dependent thermoelectric properties of PbTe I, (x =0 ~ 0.006), (a) electrical
conductivity, (b) Seeebeck coefficient, (c) power factor, (d) total thermal conductivity, (e) lattice thermal
conductivity, (f) zT value.
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Figure S3. Hall measurements of PbTe;_ I, (x =0 ~ 0.005).

3. The XRD and electrical transport of PbTe.997.,S,1¢.003
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Figure S4. XRD patterns for samples of PbTe( 997.,10.003S, (v =0 ~ 0.02).
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Figure S5. (a) Room temperature carrier concentration dependent Hall carrier concentration of n-type PbTe

in this work compared to those reported in the literature [1-3], (b) The band structure and the density of states
of S doped n-type PbTe.

Table S1. The power factor, lattice thermal conductivity, ZT value, of n-type PbTe-based materials with
different dopants

Max PF Min x Max ZT

@WWm'1K?) (Wm'K" T(K)
PbTe.087S0.0110.003 (This work) 28.7 0.47 1.73, 800
Pby 995810005 T€0.8475€0.1510.003° 26 0.55 1.2, 673

]

PbTe: Gd-4%Cu,Te B4 ~0.4 1.7, 773
PST81-0.6Sb-2Cu,Te [33] 17.5 ~0.45 1.6, 823
(PbTe)g o3(SnSe)o oy 1] 23 0.45 1.4, 800
Pby 93sGag g, Te B 35 0.78 1.34, 773
PbTeg 99515 002-3%Sb 321 31 0.6 1.8, 773
PbTe-2%Cu,Te [38] 32 ~0.5 1.5, 723
PbTe-4%InSb [33] 22 ~0.3 1.83, 773
Pb, o1 Te-0.4%I-3%Ge [40] 27 0.78 1.31, 723

Table S2. The conversion efficiency of devices made of different materials
n (%), AT (K)

basic material

Single module Segmented module
PbTe, this work 9.3, 560 12.2,510
PbTe [54] 8.9, 570 11.02, 570
PbSe [13] / 12.3,510
PbS [50] 8.07, 560 11.05, 583
Half-Heusler [55] / 12.41, 698
skutterudite [57] / 12.0, 541
PbTe [S1] 8.5, 590 12, 590
PbTe-TAGS [S2] 6,410 /
skutterudite [S3] 8.4,577 /
skutterudite [S4] 8.0, 550 /




Half-Heusler [56] 6.2, 665 /
4. Intensity profile of the line and HAADF images of PbTe and PbTe ¢3S0, after grinding
in liquid nitrogen
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Figure S6. Intensity profile of the line shown in Fig 3 (a).

Figure S7. HAADF images of PbTe and PbTe ¢3S ¢, after grinding in liquid nitrogen

Table S3. The actual composition of PbTe and PbTe 5S¢ o, characterized by EPMA, the data are obtained

from different parts of the same sample.

Elements #1 #2 #3 #4 #5 #6 Averag

e

PbTe

Pb 49.141 49.938 49.633 49.327 49.403 49.129 49.4285
Te 50.859 50.062 50367 50.673 50.597 50.871 50.5715
Pb 49.973 49.784 49.894 49.731 50.035 49.646 49.8438
PbTe).9850.02 Te 49.297 49.767 49.434 49.692 49.344 49.824 49.5596
S 0.73 0449  0.672  0.577  0.622 0.53 0.5965




—_
S 4f
O p----oooooeo
=
o3
() o <9
c = — — =
©,l 0 =
C
O
—
-0 V,, Pbrich

g 1t Q—_//s—//-;:pwr
= /b,
O - -V,. Pbrich
L 0 , , -V, Pbpoor

0 5 20

S content (%)

Figure S8. The formation energy of Pb vacancy (Vpy,), Te vacancy (Vre) and antisite (Pbr.) under different
S content in Pb-rich and Te-rich PbTe.

S. The XRD and thermoelectric properties of PbTe,,S,
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Figure S9. XRD patterns for samples of PbTe,.,S, (¥ =0 ~ 0.02).
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Figure S10. Temperature-dependent thermoelectric properties of PbTe; S, (v =0 ~ 0.02), (a) electrical
conductivity, (b) Seeebeck coefficient, (c) power factor, (d) total thermal conductivity, (e) lattice thermal

conductivity, (f) zT value.

6. The XRD, low magnified TEM image of the PbTeg 99719.003—2%Pb and thermoelectric
properties of PbTe( 99719.03-2%Pb
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Figure S11. (a) XRD patterns for samples of PbTe997S¢.003-2%Pb (z =0 ~ 0.03), (b) and (c) The low
magnified TEM image of the PbTeg 99710.003—2%Sb sample and element mapping, which shows that there is

Pb precipitation with a size of Smm in the material.
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Figure S12. Temperature-dependent thermoelectric properties of PbTegg9710.003-z2%Pb (z=0 ~ 0.03), (a)
electrical conductivity, (b) Seeebeck coefficient, (c) power factor, (d) total thermal conductivity, (e) lattice
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Table S4 The carrier concentrations, electrical conductivities, Seebeck coefficients, carrier mobilitys, total

thermal conductivities, lattice thermal conductivities and zT values of PbTe( 937S0.0110.003 and PbTeg 9971¢.003-
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1%Pb.
ne X101 o S H Kot/ Kiat zT
Sample
(cm3)  (Sem) (VK  (em?VisT) (Wm'K-1)
PbTe;.087S0.0110.003 4.88 3399 -82.10 435 1.05/0.498 1.73
PbTe.99710.003-1%Pb 5.49 3767 -77.55 428 1.20/0.53 1.51




7. The complete results of single and segmented module
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Figure S13. The measurements of single-stage thermoelectric module, (a) voltage, (b) output power, (c)

heat flow, and (d) conversion efficient.
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Figure S14. The measurements of segmented thermoelectric module, (a) voltage, (b) output power, (c)
heat flow, and (d) conversion efficient.
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