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Figures

ADF images of Sb,Te;(GeTe)y sample.

Figure S1. The 1g magnifie
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Figure S2. The high magnified STEM-HAADF images of Sb,Te;(GeTe),; sample.
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Figure S3. The high magnified STEM-HAADF images of Sb,Te;(GeTe)s4 sample.
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Figure S4. The temperature dependence of (a) electrical conductivity, (b) Seebeck coefficient, (c)
power factor, (d) total thermal conductivity, (e) lattice thermal conductivity, and (f) ZT value of

Sb,Te;(GeTe),, n equal to 9, 17, and 34, respectively.
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Figure S5. The temperature dependence of (a) electrical conductivity, (b) Seebeck coefficient, (c¢)

power factor, and (d) ZT value of Sb,Te;(Ge;.xYbTe)s.
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Figure S6. The XRD pattern of Sb,Tes;(Ge,Yb,Te);7 samples.
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Figure S7. The temperature dependence of (a) diffusivity, (b) Lorenz number, and (c) carrier

thermal conductivity of Sb,Te;(Ge;xYbiTe);7
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Figure S8. The repeatability test of Sb,Tes;(GegggsYbgoosTe);7 sample. The temperature
dependence of (a) electrical conductivity, (b) Seebeck coefficient, (c) power factor, (d) total

thermal conductivity, (e) lattice thermal conductivity, and (f) ZT value.
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Figure S9. The cycle test of SbyTe;(Gegg9sYbggosTe);7 sample. The temperature dependence of
(a) electrical conductivity, (b) Seebeck coefficient, (c) total thermal conductivity, and (d) ZT

value.
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Figure S10. The temperature dependence of (a) electrical conductivity, (b) Seebeck coefficient,

(c) total thermal conductivity, and (d) ZT value of p- and n-type leg materials.

Figure S11. (a) The low magnitude SEM image and (b) the selected area SEM image of the p-
type joint. (¢) The EDS mapping of the corresponding area.
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Figure S12. (a) The scheme of four probe method and (b) the resistance of p-type joint

interfaces tested by four probe method.
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Figure S13. The current dependent (a) voltage, (b)power, and (c) efficiency of another module.
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Calculation of Debye-Callaway model
To understand the phonon scattering mechanisms in this Sb,Te;(GeTe)y system,
theoretical calculation based on the modified Callaway’s model is carried out. According to
Callaway’s model, the lattice thermal conductivity is expressed as [1-2]:
A N
Fiae = - —(5) f FEEP
2m°y h 0 T (e -1)

avg

Equation (S1)

where * = hw/kpT

is the reduced phonon frequency, w is the phonon frequency, k3 is the
Boltzmann constant, 7 is the reduced Planck constant, wp is the Debye temperature, and z¢ is
the overall phonon scattering relaxation time. Normally, there are several scattering
mechanisms can be considered. When only considering the point defect scattering (*Pp), the
contributions due to mass and strain contrasts are token into account. For the Sb,Te;(Ge;.
<Y b, Te)g sample, thr ratio of x,, with disorder to that without disorder (x;,,) can be defined in

terms of the scattering parameter (I)as,

Klat _tan~ Yw

Kiato H Equation (S2)

206 D
2
= 2 KlatOF
hvy Equation (S3)

Where #,Q, and Vs are the disorder scaling parameter, the average volume per atom and the

r

average sound velocity, respectively. As I' can be calculated as Ty plus *s due to mass and

strain fluctuations. Then, considering Yb doped Sb,Te;(Ge . Yb,Te)o, I' can be calculated as,

9
Loy = 557(1 - OIBM/M ¢, y1)? + €B8/5 4o 1) Equation (S4)

2 64y(1+V,)
E=—[—F--—
o 1-7 Equation (S5)

Here Me ) is the average mass of the (Ge, Yb) sites and ¢ is the radius of atoms of
Sb,Tes(GeYb,Te)y samples. V5 is the Poisson’s ratiol3) and ¥ is the Griineisen parameter(l,

The required physical parameters are shown in Table S1.
10
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Calculation of Lorenz number
On the basis of single parabolic band (SPB) model, the Lorenz number can be further

calculated from the following equations>*°:

k
S =i _B 2 — n
e 3
),
2 Equation (S6)
F,(m)= f x_ndx
olte Equation (S7)
7 5
(A + —)F s(m) (/1 + —)F 3(m)
k 2] r42 2] r4Z
B\, 2 2 |,
L=(— _
( e ) 3 3
(43 o |(2+3)r
T3 "2 Equation (S8)

where A is the scattering parameter which equals -0.5 for acoustic phonon scattering,
F.(m) is the n-th order Fermi integral and 7 is the reduced Fermi energy, which can be

calculated from the experimental S values.

11
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Table S1. Physical properties used to calculate «;,,

Parameters Values
Debye temperature 0p (K) 15501
Longitudinal sound velocity v;(ms™!) 357301
Transverse sound velocity v7 (ms!) 173003
Sound velocity v(ms™) 1944131
Poisson’s ratio ' p 0.2481
Griineisen parameter y 2.19041
The average lattice parameter ay,, (A) 6.02

Table S2. Mass densities p(g/cm?) of all samples

Compositions p(g/cm3) Compositions p(g/cm3)
SbyTex(GeTe)s 6.2507 SbyTex(Geo 97Yboosre)s 6.2895
SbyTes(GeTe),s 6.2243 SbyTes(GeooorYbooosre)y  6.1937
ST (o 6.2041 SbyTes(GeooosYbooost)r  6.1927
SbyTes(Geo.995 Ybo.00sTe ) 6.2437 SbyTes(Geo.093 Ybo.0071e)17 6.2065
Sb,Tes(Geg.99Ybg o1Te)9 6.2453 Sb,Tes(Geg.991 Ybo.009Te)17 6.1959
SbyTes(Geo.o8Ybo.o21e)o 6.2686

12
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