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Single Kane Band (SKB) Model

The density-of-state (DOS) effective mass (m*), Lorenz number (L), and other
transport parameters were derived within the framework of the single Kane band (SKB)
model. The relevant expressions are as follows! 2

Seebeck coefficient:

S:kj{ ;I]::ij—n} (eq. S1)

Hall carrier density:
n, = l{zm*kBT Tz 0 (eq. S2
W= T 0 q. S2)

Hall factor:
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Lorenz number:
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Carrier mobility:

My =——— (eq. S5)
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Generalized Fermi integral:
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Here, kg is the Boltzmann constant, e=E/kgT and n=Eg/ (kgT) represent the
reduced carrier energy and reduced chemical potential, respectively, with Er being the
Fermi energy. The generalized Fermi integral is denoted as "F" (y,a) . m* and m, are

the density-of-states effective mass and inertial effective mass, respectively, K is the



anisotropy factor (K = 3.6 for n-type PbTe),? = is the deformation potential of materials,

C, is the average longitudinal elastic constant (C; =7 x 10'° Pa for n-type PbTe).*

Calculation of Average PF,,; and zT,,,

The average power factor (PF,,,) and average figure of merit (z7,,,) over specified

temperature ranges were determined using the following equations>:

op n PFdT
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L (eq. S7)
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we =TT (eq. S8)

Thermoelectric Module Calculation

Ignoring contact resistance, the parameters for device calculation are as follows:

Internal resistance:

L _ L _
Rirl :N{A_pp +A_p/1] (eq S9)

14 n
Where N is the number of thermocouple pairs; L is the leg length; 4, and 4,, are
the cross-sectional areas, respectively; p, and p, represent the average electrical

resistivities.

Open-circuit voltage:

Ve =N(T,-T.)(S,-5,) (eq. S10)
Open-circuit current:
y
=— eq. S11
R (eq. S11)

m

Output power:
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conductivities; f,

— eq. S12
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Open-circuit heat flow:
A A
=N|—-2Lk +—2k, |AT eq. S13
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Total heat flow:

R +N(B,+ BT
2

Qi = O, +N[S,(T)=S,(T)]T,I  (eq.S14)

Conversion efficiency:
n=——om (eq. S15)

Here, T}, and T, are the hot-side and cold-side temperatures, respectively; §n and

are the average Seebeck coefficients; &, and k, are the average thermal

n

and /3, are the Thomson correction coefficients, defined as:

s, =%[[S,,(1;>—§n]+[§n -5,1)]] (eq. S16)

B, =%[[§p—Sp(z)]+[sp(n)—§p]] (eq. S17)
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Supplementary details

Fig. S1 Microstructure and elemental distribution of the Cugg,PbTe (x = 0) sample

with SEM image at a scale bar of 50 um and corresponding EDS elemental mapping.



Fig. S2 Microstructure and elemental distribution of the Cug gp,Pbg 99Geg o1 Te (x =0.01)
sample with SEM image at a scale bar of 10 pm and corresponding EDS elemental

mapping.
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Fig. S3 Average power factor (PFyyg) of Cugg02Pbi«Ge, Te (x = 0-0.04) with varying

Ge content.
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Fig. S4 Temperature-dependent (a) thermal diffusivity (D), (b) heat capacity (C,), (c)
Lorenz number (L) of Cug oo2Pb;.,Ge, Te (x = 0-0.04).



Fig. S5 Room-temperature average sound velocity (vs) as a function of Ge doping

content.
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Fig. S6 Average figure of merit (z7,g) of Cug02Pb.,Ge, Te (x = 0-0.04) with varying

Ge content.
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Fig. S7 Repeated measurements of temperature-dependent (a) electrical conductivity

(0), (b) Seebeck coefficient (S), (c) total thermal conductivity (xy), and (d) figure of
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Fig. S8 Thermoelectric performance of p-type Gejg3Zro02Pbg.15Te-3%Cu for the
simulation calculation. Temperature-dependent (a) electrical conductivity (o), (b)

Seebeck coefficient (.S), (c) total thermal conductivity (), and (d) figure-of-merit z7.
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Table S1 Density of sintered Cug 0,Pb;.,Ge, Te samples in this work.

Composition Measure density (g cm™) Relative density (%)
x=0 8.059 98.28
x=0.01 7.920 96.59
x=0.02 8.010 97.68
x=0.03 8.156 99.46
x=0.04 8.028 97.90
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