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Fig. S1 (a) Bulk XRD patterns for TegosAsg 02 samples. (b) Bulk XRD patterns with a logarithmic

intensity axis for TeposAsgor samples, in which the impurity peaks are more readily to be

recognized.
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Fig. S2 Temperature dependences of (a) Seebeck coefficient, (b) carrier concentration, (c) carrier

mobility and (d) device zT for Te9sAsg 0, samples. According to (a), the intrinsic conduction is not
2



obvious between 300 and 600 K for all Te samples, hence the carrier mobility in (¢) is calculated by
the formula o/nye, where ny is assumed to be constant. The cold-side temperature in (d) is fixed at

300 K.
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Fig. S3 Temperature dependences of (a) electrical conductivity and (b) thermal conductivity for HP

and ZM Teg 93Asg 02 samples.
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Fig. S4 (a) Bulk XRD patterns for Tejog.Se,Asgg; samples. (b) Bulk XRD patterns with a
logarithmic intensity axis for Te og.Se,Asg o, samples, in which the impurity peaks are more readily

to be recognized.
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Fig. S5 Temperature dependences of (a) carrier concentration, (b) Seebeck coefficient, (c) electrical
conductivity, (d) carrier mobility and (e) thermal conductivity for Tegos..Se,Asgo samples. (f)
Phonon frequency dependence of spectral lattice thermal conductivity at 300 K for Teg9Seq 0sASo.02
alloys. The inset is the calculated disorder parameter /1 as a function of Se content for Tegos.

SeAsg, samples. /7 consists of contribution from mass fluctuations 73 and strain field

fluctuations /g: /=1y + [s.
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Fig. S6 (a) zT as a function of Se content for Tegos..Se,Asyo samples (300 and 600 K). (b)
Temperature dependence of device zT for Tegog.SeAsg o, samples. The cold-side temperature is

fixed at 300 K.

Calculation of lattice thermal conductivity based on the Debye-Callaway model
In the Debye-Callaway model,>* the lattice thermal conductivity xi can be calculated according to

the following equations:
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where kg is the Boltzmann constant, % is the reduced Planck’s constant, v; is the average sound
velocity, T is the absolute temperature, 6 is the Debye temperature, 7, is the total relaxation time,
o is the phonon frequency, d is the grain size and roughly taken as the initial powder median size.
vi/d represents the grain boundary scattering. 4, B are the pre-exponential factors for point defects

scattering and Umbklapp process scattering, respectively. To be noted, B is obtained by fitting the

temperature dependence of xj for the HP-303m Tey93As0 0, sample. The calculating parameters



used in the Debye-Callaway model are summarized in Table S1. Other parameters obtained from
our previous work® are listed in Table S2. More calculation details can also be found in our previous

work.?

Table S1 The calculating parameters used in the Debye-Callaway model. Due to the small atom

mass and tiny doping content, the As content in Te is hard to be detected.

Nominal d Actual vid A B
composition (m) composition (107s™h (1041s3) (10°17sK-1)
Teo.0sASp 02 9 Te 17.6 0 2.2
Teo.08AS0.02 15 Te 10.6 0 2.2
Tep.08ASo.02 26 Te 6.1 0 2.2
Tep.08ASo.02 44 Te 3.6 0 2.2
Teg 93ASo 02 127 Te 1.3 0 2.2
Teo.08AS0.02 303 Te 0.5 0 22
Teo065€0.02AS80 0 136 Teo.9935€0.007 1.2 0.7 2.2
2
Teo955€0.03AS800 141 Teo.9905€0.010 1.1 1.0 2.2
2
Teg.045€0.04A80.0 142 Tep.0865€0.014 1.1 1.4 2.2
2
Teo92S€0.06A80 0 137 Teo.977S€0.023 1.2 2.1 2.2



Teg.oSeq 0sASo.02 122 Teo.9665€0.034 1.3 32 2.2

Table S2 The parameters used to calculate the lattice thermal conductivity, taken from our previous

work.>
Parameters Sign [unit] Value
Average sound velocity Vs [m.s!] 1588
Atomic volume V [m?] 3.38x102%
Debye temperature & [K] 146
Griineisen parameter y 1.57
Poisson ratio r 0.26
Density of mass o [kg.m3] 5.89x10°
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