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Supplementary Figures
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Figure S1. Thermoelectric properties of Gei.o1Smo.03Bio.osTe after different recrystallization
annealing times. Temperature-dependent (a) Seebeck coefficient, (b) electrical conductivity, (c)
power factor, (d) total and lattice thermal conductivity, (e) ZT, and (f) comparison of power factors
(PF) and inversed lattice thermal conductivities (1/kz) in this work with previous outstanding

GeTe-based thermoelectric materials with different amounts of doping elements [1-10].
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Figure S2. X-ray diffraction patterns of the p-type Bi>xSbyTes; samples.
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Figure S3. Temperature-dependent thermoelectric properties of p-type BizxSbxTe3 samples.
(a) Seebeck coefficient, (b) electrical conductivity, (c) power factor, (d)total thermal conductivity,

(e) electrical thermal conductivity, and (f) lattice thermal conductivity.
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Figure S4. X-ray diffraction patterns of the n-type Ybo3Co4Sbi2 sample.
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Figure SS5. Temperature-dependent thermoelectric properties of n-type Ybo.3Co04Sb12 samples
with different annealing times (0~5 days). (a) Seebeck coefficient, (b) electrical conductivity, (c)
power factor, (d)total thermal conductivity, (e) electrical thermal conductivity, and (f) lattice

thermal conductivity.
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Figure S6. Repeated measurement of (a) Seebeck coefficient, (b) electrical conductivity, (c) power

factor, and (d) total thermal conductivity of Bio4Sbi ¢Tes.
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Figure S7. Repeated measurement of (a) Seebeck coefficient, (b) electrical conductivity, (c) power

factor, and (d) total thermal conductivity of Ybo3Co04Sbi2.
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Figure S8. The Multiphysics-field FEM-predicted maximum energy conversion efficiency and
power density with different segmentation ratios Hgst/H under a temperature difference of 500 K
for: (a) H/Apn=0.24 mm™'; Ap/An= 1, (b) H/Apn= 0.4 mm'; Ay/An= 1, and (c) H/Apn= 1.1 mm';

Ap/An=1. The inset numbers denote the sizes of p and n-type thermoelectric legs.
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Figure S9. The Multiphysics-field FEM-predicted maximum energy conversion efficiency and
power density with different cross-section area ratios A,/A, under a temperature difference of 500
K for: (a) H/Apn=0.24 mm™'; Hgst/H = 0.35, (b) H/Apn = 0.4 mm™'; Hgst/H = 0.35, and (c) H/Apn

= 1.1 mm'; Hpst/H = 0.35. The inset numbers denote the sizes of p-type thermoelectric legs.
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Figure S10. 3D diagram of the maximum power density surface Py, predicted using Multiphysics-
field FEM simulations.
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Figure S11. Multiphysics-field FEM simulated contours for optimized segmented thermoelectric
module: (a) temperature distribution, (b) temperature isosurface, (c) output voltage, (d) heat flow
at the hot side, and temperature distribution along the height for (e) the segmented p-type BST-
GeTe leg and (f) the n-type SKD leg.

S12



—— BST-GeTe leg

800 skp leg

700 |

600

T (K)

500

400

300

x (mm)

Figure S12. Multiphysics-field FEM simulated temperature distribution along the pillar height for
the p-type BST-GeTe segmented leg and the n-type SKD leg.
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Figure S13. Plot of the open-circuit voltage U,, maximum energy conversion efficiency #m,qx with
a function of R;/R; (the ratio between the internal contact electrical resistance R; and the total
internal resistance R;), where the blue star represents the experimental results of 7,4, at R;/R; =
0.28. The experimental R; was estimated by taking the difference between the measured total
internal resistance R; and the individual thermoelectric material and electrode resistances, and

the results are in reasonable agreement with the simulations.
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Figure S14. Experimentally measured current-dependent cold-side heat flow rate at different AT
for the segmented TE module.
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Figure S15. Experimentally measured current-dependent (a) output voltage, (b) output power, and

(c) energy conversion efficiency at different A7 for unsegmented TE module.
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Figure S16. Energy dispersive X-ray spectroscopy (EDS) mapping of the interface in the (Bi,
Sb),Tes-(Ge, Sm, Bi)Te segmented leg after 2-cycle device testing.
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Figure S17. Comparison of (a) open-circuit voltage, (b) power density, and (c) maximum energy

conversion efficiency of 2-cycle segmented module test.
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Supplementary Note

The device-level energy conversion efficiency was evaluated using a thermoelectric testing
system. The external and internal images of the thermoelectric device testing system are displayed
in Figure S18. More details on the system can be found in our earlier work [11]. To eliminate the
influence of natural convection on the measurement accuracy, the testing was conducted within a
vacuum chamber maintained at a pressure around 5 Pa. All data acquisition and process controls
were integrated into a centralized workstation, comprising a feedback-controlled power supply, an
electrical measurement unit, and a high-precision data logger.

Thermal energy was supplied to the hot side of the device via a power-controllable silicon
carbide (SiC) heater. A K-type thermocouple, attached to the edge of the device’s hot junction,
monitored the temperature in real-time, providing feedback to the power supply to maintain a
stable hot-end temperature. Conversely, the cold side was coupled to an alumina oxide block of
matching cross-sectional area, which was cooled by a water-circulation system with an adjustable
flow rate. Two K-type thermocouples at the cold junction provided the necessary feedback to
regulate the water flow, ensuring a constant cold-end temperature.

The Al,Os block served as a heat flow meter. By measuring the temperature gradient between
two internal points at a known distance using inserted K-type thermocouples, the heat flow passing
through the device was calculated based on one-dimensional Fourier heat conduction law, utilizing
the block’s known thermal conductivity and cross-sectional area. The total input thermal power
was determined by summing the transmitted heat and the internally generated Joule heat. The
energy conversion efficiency was then defined as the ratio of the generated electrical output power
to the total input thermal power. To minimize thermal contact resistance, a stepper motor-driven
press was employed to maintain high contact pressure between the device and the heat/cold sources.
Furthermore, high-conductivity graphite sheets were inserted at all interfaces to ensure optimal

thermal coupling.
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Figure S18. Pictures and layout of (a) the external structure of the thermoelectric device evaluation

system, and (b) internal structure of the vacuum chamber [11].
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