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Theoretical Calculation.

The thermoelectric transport properties with the Single Parabolic Band (SPB) framework were
calculated using standard expressions:!
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Here, ks denotes the Boltzmann constant, e represents the electron charge,  indicates the scattering
factor, n signifies the bonding potential, / stands for Planck's constant, and 7 represents the absolute
temperature.

The weighted mobility (uw) is given by the following expression:?
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To compare thermoelectric performance across finite temperature intervals, the average power

factor (PFave) and average ZTaye are defined as:
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For the p-type BiosSbisTes alloy studied here, bipolar diffusion becomes significant only above
~375 K. Therefore, at low temperatures (300-350 K), xph +xb = xpn. The lattice thermal conductivity (xph)
in this range was fitted to the empirical form: xpn = aT"'+b,> where a and b are fitting parameters
(Table S2). This fit was extrapolated up to 503 K to estimate the full-range lattice contribution (#ph) and
the calculated electronic thermal conductivity (xele) from the experimentally measured total thermal

conductivity (ko).

Table S1. Elemental composition of p-type BigsSb1.sTes samples obtained from EDS analysis of the regions shown in

Figure. 3, before and after electron-beam irradiation.

Samples Name

Bi (at%) Sb (at%) Te (at%)
(p-type Bio.sSbi.sTes)
Pristine 8.7 32.6 58.7
100 kGy 8.6 32.5 58.9
400 kGy 8.9 32.2 58.9
700 kGy 9.1 32.1 58.8
1000 kGy 8.6 323 59.1




Table S2. Fitting parameters (« and b) for the lattice thermal conductivity (kph) of commercial p-type BigsSbi.sTes

samples (pristine, 100, 400, 700, and 1000 kGy) over 303-503 K, using the relation xpn= aT-'+b.

p-BiosSbi sTes Sample Designation

Pristine 100kGy  400kGy  700kGy 1000 kGy

a 50.04 16.21 14.15 17.62 12.46
b 0.46 0.52 0.438 0.53 0.49
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Fig. S1. Reference Powder Diffraction File (PDF) cards for the constituent phases: Sb,Tes, BiTe, and the Big.sSbi sTes

alloy used in this study.
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Fig. S2. Williamson-Hall plots of ficosé versus sind for the commercially available p-type Bio.sSbi.sTes samples, used

to evaluate lattice microstrain and crystallite size.
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Fig. S3. Schematic illustration of vacancy-interstitial (Frenkel) pairs in the crystal lattice of p-type Bio.sSbi sTes.
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Fig. S4. Statistical analysis of grain size from fracture surfaces of p-type Bio sSbi sTe; before and after electron-beam
irradiation. Panels (a)-(e) correspond to the pristine, 100, 400, 700, and 1000 kGy samples, respectively, consistent
with the SEM images shown in Figure. 3. Panel (f) compares the grain size distributions extracted from (a)-(e). The

inset indicates that the fracture surfaces are parallel to the hot-pressing direction.
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Fig. S5. (a) Temperature dependence of the weight mobility (uw) for p-type BiosSbi.sTes samples: pristine, 100, 400,

700, and 1000 kGy. (b) Room-temperature Z7T as a function of carrier concentration (n1), analyzed using the single

parabolic band (SPB) model.
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Fig. S6. Literature-reported power factor of BST-based optimized via interfacial engineering. (a) Temperature-
dependent PF. (b) Average PFay, over 303-503 K temperature range. References*!? correspond to previous studies

employing various interface engineering strategies.
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Fig. S7. Literature summary of p-type Bio sSb; sTes optimized via various processing strategies.'#!° (a) Temperature-

dependent PF. (b) PFavg over 303-503 K temperature range.
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Fig. S8. Temperature dependence of key transport parameters for commercial p-type Bio sSbisTe; samples (pristine,

100, 400, 700, and 1000 kGy) before and after electron-beam irradiation: (a) Lorentz number (L), (b) thermal

diffusion coefficient (D), and (c) electronic thermal conductivity (xeie).
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Fig. S9. Summary of reported room-temperature lattice thermal conductivity (xpn) for p-type Big.sSbi.sTes prepared via

various optimized processing routes.'41?
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Fig. S10. Summary of reported room-temperature xph for p-type Bio.sSbi sTes/secondary phase composites.*!3
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Fig. S11. Temperature-dependent theoretical thermoelectric conversion efficiency () and weighted mobility to lattice
thermal conductivity ratio (uw/xph) for commercial p-type BiosSbi sTes samples before and after electron-beam

irradiation.
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Fig. S12. Summary of reported average Z7ave over 303-503 K for p-type Bio.sSbi.sTes prepared via various optimized

processing techniques. !4
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materials.20-32
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