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Supplementary Methods
Calculation of minimum lattice thermal conductivity
The minimum lattice thermal conductivity was estimated using the Cahill–Pohl model. In this model, the minimum thermal conductivity corresponds to the regime where phonon lifetimes are limited to roughly one half of their vibrational period, which can be interpreted as phonon mean free paths on the order of one-half of the phonon wavelength. This model has been demonstrated to describe thermal transport in amorphous solids and strongly disordered crystalline materials, representing a glass-like limit of heat conduction. Accordingly, the calculated minimum lattice thermal conductivity provides a reasonable lower bound for the lattice thermal transport in the present materials. Minimum lattice thermal conductivity is defined as equation below.

where kB is the Boltzmann constant, n is number density of atoms,  is longitudinal sound velocity, and  is transverse sound velocity. The parameters required for the calculation were obtained by linear interpolation of reported values for crystalline Ag2S and Ag2Te 1.
	
	n (atoms m-3)
	 (m s-1)
	 (m s-1)

	Ag2S
	4.89×1028
	2596
	1128

	Ag2Te
	4.34×1028
	3048
	1382

	Ag2S0.4Te0.6
	4.56×1028
	2867.2
	1280.4





Calculation of weighted mobility and quality factor
The weighted mobility (μw) was calculated using the single parabolic band (SPB) model, which relates the Seebeck coefficient (S) and electrical conductivity (σ) as follows 2:

where kB is the Boltzmann constant, e is the elementary charge, h is the Planck constant, and me is the electron mass.
Based on the calculated weighted mobility, the thermoelectric quality factor (B) was determined using 2:

where κL is the lattice thermal conductivity and T is the absolute temperature. The quality factor provides a measure of the intrinsic thermoelectric performance by incorporating both carrier transport properties and lattice thermal conductivity.



Finite-element simulation details
Finite-element simulations were performed using COMSOL Multiphysics (version 6.2) to evaluate the coupled temperature and electrical potential distributions of Ag2S0.4Te0.6 ingots. A three-dimensional model with dimensions of 5 × 5 × 10 mm3 was constructed. The simulations were carried out using experimentally measured thermoelectric properties, including electrical conductivity, Seebeck coefficient, and thermal conductivity, which were assigned to each sample to ensure direct comparison under identical conditions. Thermal boundary conditions were applied such that the top surface was maintained at a constant temperature of 288 K, while a uniform heat flux of 1500 Wm-2 was applied to the bottom surface. All other surfaces were treated as thermally insulated. These conditions were selected to generate a stable temperature gradient while maintaining the operating temperature range relevant for wearable thermoelectric applications. The electrical potential distribution was calculated by solving the coupled heat transfer and thermoelectric equations under steady-state conditions. The resulting temperature difference (ΔT) and electrical potential were extracted for comparison among samples with different amorphous–crystalline fractions.

Table S1. Formation energies of crystalline Ag2Te and Ag2S 3-6.
	Formula
	Crystal System
	Formation Energy (eV/atom)

	Ag2Te
	Monoclinic
	-0.0952

	Ag2S
	Monoclinic
	-0.118

	Ag2S
	Cubic
	-0.0414





Table S2. ZT-bending ductility for AM60 and reported Ag2S-based materials 7-13.
	Formula
	ZT
	Bending ductility (%)

	Ag2S0.4Te0.6 AM60 (This work)
	~0.466
	~23

	Ag2S0.5Se0.5+0.5mol% Ag2Te7
	~0.39
	~32.5

	Ag20S7Te38
	~0.3
	~15

	Ag2S0.5Se0.59
	~0.26
	~12

	Ag2S0.4Te0.610
	~0.2
	~16

	Ag1.98S1/3Se1/3Te1/311
	~0.28
	~15

	Ag2S0.7Se0.295I0.00512
	~0.26
	~15

	Ag2S0.7Te0.313
	~0.3
	~20
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Figure S1. Electronic DOS of monoclinic Ag2S and Ag2Te calculated by DFT.
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Figure S2. Electronic DOS of cubic Ag2S and Ag2Te calculated by DFT.
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Figure S3. The temperature profile in this study (red line) is designed to induce phase heterogeneity and significantly reduces the processing time compared to the conventional method reported in Ref. 14 (grey line).
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Figure S4. Magnified XRD pattern of AM60 (15–35°) with reference peak positions of monoclinic Ag2S and Ag2Te.
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Figure S5. Quantified crystalline phase fraction of matrix and precipitates using peak area integration method.
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Figure S6. SE and BSE image of the Ag2S0.4Te0.6 ingots at magnification of ×1000 and ×10000. (a, b) AM72, (c, d) AM67, and (e, f) AM60.
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Figure S7. (a–c) SEM images with corresponding line-scan EDS profiles of AM72, AM67, and AM60, respectively, acquired at a magnification of ×1000. (d) Elemental compositions obtained from the line-scan EDS analyses of the three ingots.
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Figure S8. Vickers indentation images at different regions of Ag2S0.4Te0.6 ingots. The dashed boxes indicate indentation areas with corresponding hardness values.
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