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Optimizes Thermoelectric Properties

Ananya Banik," U. Sandhya Shenoy,1E Shashwat Anand,* Umesh V. Waghmare,i and Kanishka Biswas* "

"New Chemistry Unit and *Theoretical Sciences Unit, Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR), Jakkur

P.O., Bangalore 560064, India

© Supporting Information

Energy

Sn] .03-ngxTe

600 800

T (K)

400

ABSTRACT: SnTe, a lead-free rock-salt analogue of PbTe, having valence band structure similar to PbTe, recently has attracted
attention for thermoelectric heat to electricity generation. However, pristine SnTe is a poor thermoelectric material because of
very high hole concentration resulting from intrinsic Sn vacancies, which give rise to low Seebeck coefficient and high electrical
thermal conductivity. In this report, we show that SnTe can be optimized to be a high performance thermoelectric material for
power generation by controlling the hole concentration and significantly improving the Seebeck coefficient. Mg (2—10 mol %)
alloying in SnTe modulates its electronic band structure by increasing the band gap of SnTe and results in decrease in the energy
separation between its light and heavy hole valence bands. Thus, solid solution alloying with Mg enhances the contribution of the
heavy hole valence band, leading to significant improvement in the Seebeck coeflicient in Mg alloyed SnTe, which in turn results
in remarkable enhancement in power factor. Maximum thermoelectric figure of merit, ZT, of ~1.2 is achieved at 860 K in the

high quality crystalline ingot of p-type Sngo,Mg; o Te.

B INTRODUCTION

A thermoelectric material can directly convert temperature
difference to electrical voltage and, thus, can play an important
role in generation of electrical energy from waste heat.'™*
Materials in this field require a high value of dimensionless
thermoelectric figure of merit, ZT = 6S*T/ (ki + Kq), Where o is
electrical conductivity, S is the Seebeck coeflicient, «;,, is lattice
thermal conductivity, k, is electronic thermal conductivity, and
T is temperature. Significant improvement in the ZT has been
achieved through the reduction of kj,, via phonon scattering by
the solid solution point defects, second phase nanoprecipita-
tes," “mesoscale grain boundaries,® and intrinsic bond
anharmonicity.”'® Enhancement of Seebeck coefficient also
resulted in high ZTs either through the formation of the
resonance level in the electronic bands''™** or convergence of
degenerate electronic band valleys by alloying and carrier
engineering.14_17

Lead telluride (PbTe) and its alloys are considered to be
some of the best thermoelectric materials for mid temperature
power generation application.'™*~7'"'* Solid solution alloy-
ing and second phase nanostructuring with group-II (Mg, Ca,
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Sr, and Ba) alkaline earth telluride have significant effect on
thermoelectric property of PbTe.>®'®'¥72° Mention must be
made that alloying of MgTe (band gap ~3.5 eV) increases the
band gap of PbTe, resulting in decrease in the energy
separation between the light (L point) and heavy (X point)
valence bands to accomplish more controllable band
convergence with respect to t(emI)ezralture.16’19’20 Thus, a
significant enhancement in Seebeck coeflicient was obtained.
However, environmental concern about Pb limits its use in
large scale thermoelectric applications. Tin telluride (SnTe), a
homologue of PbTe, has the potential to be a good
thermoelectric material due to its valence band (light hole
and heavy hole valence bands) characteristic that is similar to
PbTe.”'>* SnTe has rarely been considered to be efficient
thermoelectric material because of the inability to control its
very high carrier concentration (10*°—10*' cm™) which results
in low S and high x,.*> Intrinsic Sn vacancy is responsible for
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high p-type carrier concentration in SnTe.”* Recently, SnTe has
been alloyed with other metal tellurides such as AgSbTe, to
improve its thermoelectric performance.”>*® Significant en-
hancement in the Seebeck coefficient of SnTe has been
achieved due to the formation of the resonance level in the
valence band through In doping, which resulted in a ZT of ~1.1
at 873 K."* Carrier concentration in the light hole valence band
of SnTe was effectively tuned by iodine doping, which
essentially tunes the thermoelectric properties of SnTe.”’

In SnTe, valence band and conduction band edges are
located at the L-point of the Brillouin zone, and the energy gap
is ~0.15 eV at room temperature.”’ Interestingly, a heavy hole
valence band (X band) lies ~0.35 eV below the light hole
valence band (L band).*™>* Earlier investigation based on
temperature dependent Hall coefficient (Ry) measurement of
SnTe suggested that the convergence of these two bands occurs
at around 700 K.*® Large energy separation between light and
heavy hole valence bands restricts the contribution of heavy
hole mass to the Seebeck coefficient. Enhancement in the
Seebeck coefficient has been achieved by Cd or Hg alloying in
SnTe, which decreases the energy separation between light and
heavy hole valence band.”® Solid solution alloying of SnTe with
SnSe followed by In doping also improves the Seebeck
coefficient due to resonance level formation in the valence
band.*® Alloying of SnTe (E, ~ 0.15 eV) with MgTe, which is a
wide band gap (E; ~ 3.5 eV) semiconductor, may open up the
band gap of SnTe, which can decrease the energy difference of
the two valence bands of SnTe; thus, it will facilitate the
convergence of the valence band valleys.

Here we present effects of Mg alloying on the electronic
structure and the thermoelectric properties of SnTe which is
synthesized by simple sealed tube melting reactions. We first
suppress the excess hole concentration of SnTe by Sn self-
compensation (Sn, o3Te).”** Mg alloying in Sn;y;Te samples
increases the band gap, with direct evidence from the infrared
diffuse reflectance spectroscopy and electronic structure
calculations. Moreover, Mg alloying significantly tunes the
electronic band structure of SnTe, which essentially decreases
energy difference between the light hole and heavy hole valence
bands, leading to an enhanced Seebeck coefficient. As a result,
the p-type Sngg4MgygoTe sample exhibits a maximum ZT of
~1.2 at ~860 K. These findings make SnTe-based materials an
important contender for thermoelectric power generation and
should stimulate further investigation and optimization.

B EXPERIMENTAL AND THEORETICAL SECTION

Reagents. Tin (Alfa Aesar 99.99+ %), tellurium (Alfa Aesar
99.999+ %), and magnesium powder (Alfa Aesar 99.999+ %) were
used for synthesis without further purification.

Synthesis. High quality crystalline ingots (~7 g) of Sn;o;_,Mg,Te
(x = 0—0.12) were synthesized by mixing appropriate ratios of high-
purity starting materials of Sn, Mg, and Te in a carbon coated quartz
tube. Typically, to synthesize the Snyg,Mgg o Te sample, Sn (3.2359 g,
27.259 mmol), Mg (63.4 mg, 2.609 mmol), and Te (3.7003 g, 28.99
mmol) were used. The tubes were sealed under vacuum (10~ Torr)
and slowly heated to 450 °C over 12 h, then heated up to 900 ° Cin §
h, soaked for 10 h, and cooled slowly to room temperature.

Powder X-ray Diffraction. Powder X-ray diffraction for all of the
samples was recorded using a Cu Kar (1 = 1.5406 A) radiation on a
Bruker D8 diffractometer.

Band Gap Measurement. To estimate the optical energy
difference between valence band and conduction band, optical diffuse
reflectance measurement has been done with finely ground powder at
room temperature using an FT-IR Bruker IES 66 V/S spectrometer in
a frequency range 4000—400 cm™' with 2 cm™' resolution and S0
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scans. Absorption (a/A) data were calculated from reflectance data
using Kubelka—Munk equations: a/A = (1 — R)*/(2R), where R is the
reflectance, and & and A are the absorption and scattering coefficients,
respectively. The energy band gaps were derived from a/A vs E (eV)
plots.

Electrical Transport. Electrical conductivity and Seebeck co-
efficients were measured simultaneously under He atmosphere from
room temperature to 873 K on a ULVAC-RIKO ZEM-3 instrument
system. The typical sample for measurement had a parallelepiped
shape with the dimensions of ~2 X 2 X 8 mm?. The longer direction
coincides with the direction in which the thermal conductivity was
measured. Heating and cooling cycles give repeatable electrical
properties for a given sample (Figure S1, Supporting Information).

Hall Measurement. Carrier concentrations were determined using
Hall coefficient measurements at room temperature with a PPMS
system. Four-contact Hall-bar geometry was used for the measure-
ment. At 300 K, we have estimated the carrier concentration, 1, from
the formula n = 1/eRy;, where ¢ is the electronic charge and Ry is hall
coefficient.

Thermal Conductivity. Thermal diffusivity, D, was directly
measured in the range 300—873 K by using laser flash diffusivity
method in a Netzsch LFA-457 (see the D vs T data in Figure S2,
Supporting Information). Coins with ~8 mm diameter and ~2 mm
thickness were used in all of the measurements. Temperature
dependent heat capacity, C, was derived using standard sample
(pyroceram) in LFA4S57, which is in good agreement with Dulong
Petit C, value (see Figure S3, Supporting Information). The total
thermal conductivity, K, was calculated using the formula K =
DC,p, where p is the density of the sample, measured using the sample
dimension and mass. The density of the pellets obtained was in the
range ~96% of the theoretical density (Table S1, Supporting
Information).

Computational Details. Density functional theoretical (DFT)
electronic structure calculations of pristine SnTe and Mg alloyed SnTe
were carried out using Quantum Expresso package.>" Scalar relativistic
norm conserving pseudo-potentials and a Generalized Gradient
Approximation (GGA) to exchange-correlation energy with functional
of Perdew, Burke, and Erzenhoff (PBE) were used to perform the
DFT calculations.®* The valence electrons of Sn, Te, and Mg (5s*Sp?,
5s°5p*, and 3s® respectively) are included in calculations through the
use of pseudo-potentials. SnTe is known to crystallize in rocksalt
structure, while MgTe occurs in the zinc blend structure.® Mg
substituted in the zinc blend site of SnTe was simulated with a
tetragonal supercell (\/ 2 X 4/2 X 2) containing 32 atoms. Plane wave
basis for representing wave functions is terminated with energy cutoff
of 40 Ry, and 14 X 14 X 10 mesh of k points was used in sampling
Brillouin zone integrations. Electronic structure of Sn;¢Teq,
Sn;sMgTe s, and Snj,Mg,Te;, with Mg atoms substituted for Sn
atoms in SnTe is determined along high symmetry lines in the
Brillouin zone, using a theoretical equilibrium lattice constant of 6.417
A

B RESULTS AND DISCUSSION

Previously, SnTe was not considered to be a good thermo-
electric material due to its very high carrier concentration
(~10*') resulting from intrinsic Sn vacancy.” Electron donor
dopant such as iodine doping in SnTe has optimized the
thermoelectric property by decreasing the carrier concen-
tration.”” Recently, Kanatzidis and co-workers have shown that
self-compensation of Sn is an effective path for optimizing the
thermoelectric performance of SnTe.*® First, we have
synthesized the self-compensated Sn,;;Te sample, which
shows significantly low hole concentration (~1.2 X 10%
cm™) compared to pristine SnTe (~4.5 X 10 cm™). Further,
the effect of Mg alloying on the thermoelectric property was
investigated on self-compensated Sn, n;Te sample.
Sn,05_ Mg, Te (x = 0, 0.02, 0.03, 0.05, 0.07, 0.08, 0.09, 0.1)
samples were synthesized by vacuum sealed tube melting
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Figure 1. (a) Powder XRD patterns of Sn;o;_ Mg Te (x = 0—0.1)
samples. (b) Lattice parameter (a) vs Mg concentration (x) in
Snyg;_.Mg,Te, and solid line indicates the Vegard’s law for the solid
solution.
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Figure 2. Electronic absorption spectra of Sn,o;_ Mg, Te.

reaction and characterized by powder XRD. Figure la confirms
formation of single phase nature within the detection limit of
PXRD, and the patterns could be indexed on SnTe structure
(Fm3m space group). As shown in Figure 1b, the lattice
parameter decreases with increasing the Mg concentration,
consistent with the smaller radius of Mg** (86 pm) compared
to that of Sn** (93 pm). Linear decrease in the lattice parameter
follows solid solution Vegard’s law.

We were able to resolve the band gap of Sn, y;_,Mg,Te (x =
0—0.12) by diffuse reflectance IR spectroscopy (Figure 2). With
increasing Mg concentration up to 12 mol % the electronic

absorption spectra of SnTe show a shift of absorption edge
toward high energy. Generally, if MgTe (Eg ~3.5 eV) was
dissolving in SnTe an increase in the band gap would be
expected. The band gap derived from the plot shows an
increase from ~0.11 eV to ~0.26 eV in going from 0% to 12%
Mg in SnTe. This result is similar to that of MgTe alloyed with
PbTe.' Increase in the band gap with Mg incorporation in
SnTe is indicating reduction of the energy separation of light
hole and heavy hole valence bands which will be discussed
further in the later part of the paper.

Figure 3 shows electrical transport property of Sn, o; Mg Te
(x = 0—0.1). For all samples electrical conductivity (o)
decreases with increase in temperature which is typical of a
degenerate semiconductor (Figure 3a). The electrical con-
ductivity decreases with increasing Mg concentration up to 9
mol %, especially at room temperature from 9650 S cm™ to
3114 S cm™! (Figure 3a). Typically, the room temperature ¢ of
SngosTeggoTe is to be 3114 S cm™", which decreases to 1015 S
cm™ at 856 K. The room temperature Hall coefficients, Ry, of
all Sn;o;_ Mg, Te (x = 0—0.1) samples are positive, which
indicates the p-type conduction in this system. Interestingly,
carrier concentration () at 300 K increases with increasing the
Mg concentration up to 2 mol % and then almost remains flat
with further increasing the Mg alloying up to 9 mol % (Figure
3b). Anomalous change in the carrier concentration with the
increase of Mg is difficult to explain, but similar behavior has
been observed recently in In doped SnTe" and SnTe,_,Se,*
and Cd alloyed SnTe® A recent report also shows the
anomalous change in the carrier concentration in Hg doped
SnTe > Although Mg, Cd, and Hg are supposed to be
isovalent with Sn, Cd appears to act as electron donor, whereas
Mg and Hg act as electron acceptors. The effect of different
doping on the carrier concentration of SnTe is not very clear
yet. Room temperature carrier mobility (i) decreases with Mg
concentration in Sn, o;_,Mg,Te (Figure 3c), which is probably
due to the impurity scattering and the increased effective mass
of holes caused by modification of electronic band
structure.'>*° Decrease in room temperature ¢ value with the
increase in Mg doping concentration is due to the decrease in
U

Figure 4a represents temperature dependence of the Seebeck
coefficient (S) of Sn; y;_,Mg,Te samples. A positive value of S
indicates p-type conduction which supports the Hall coefficient

4
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Figure 3. (a) Temperature dependent electrical conductivity (6) of Sn; ¢;_,Mg,Te samples. (b) Carrier concentration (1) and (c) carrier mobility
(u) at room temperature with respect to Mg alloying concentration (x) in Sny g3-.Mg,Te.
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Figure 4. (a) Temperature dependent Seebeck coefficient (S) of Sn,;_,Mg,Te samples; (b) room temperature S vs n plot of the present
Sn; g3, Mg, Te samples. For comparison, 9}zreviously reported S vs 1 experimental data of undoped SnTe,”® Cd doped SnTe,”** In doped SnTe," In

doped SnTeygsSeq s Hg doped SnTe,”
(b).

Bi doped SnTe,** Cu-doped SnTe,”* and theoretical Pisarenko curve based on VBM model'® are given in

Table 1. Room Temperature Carrier Concentration (ny)
and Effective Mass (m*) of Sn, y;_, Mg, Te Samples Where
m, Is Mass of Electron

composition n (10* cm™) m* (me)
Snyg3Te 12 0.16
Sny 01 Mgop,Te 2.1 0.24
SnpgsMgoosTe 2.2 0.33
SnggsMgoorTe 3.3 091
Sng9sMgoosTe 1.6 0.55
Sngg4sMgogoTe 24 0.69
Sngg3sMgo, Te 1.0 0.43

measurement. Significant enhancement in S has been achieved
by Mg alloying in SnTe, both at room temperature and high
temperatures. Typically, the room temperature S value
measured for SngesMgyosTe was ~38 uV K™', which linearly
increases to ~200 uV K™ at 856 K. High temperature (~856
K) S values for SngosMgoorTe, SngosMgoesTe, SnposMgoeoTe,
and Snyy;Mg, Te are 192, 200, 175, and 165 uV K7,
respectively. We have estimated effective mass (m*) of
Sny 3, Mg, Te samples using the measured S and Hall carrier
concentration (1) at room temperature.'”’*? Although an
accurate calculation of m* requires consideration of the
nonparabolic band and multiple band model, present
calculation of m* considers only a single parabolic band for
simplicity.'”>* Increase in effective mass from ~0.16 m, to
~0.69 m, with increasing the Mg concentration from 0 to 9 mol
% is observed (Table 1), which is resulting probably due to the
increasing contribution of the heavy hole valence band of SnTe.

In Figure 4b, we compare the present room temperature S vs
n data of Sn;g;_, Mg Te samples with previously reported
experimental data on In doped SnTe,'® In doped SnTe,_,Se,,*
Cd alloyed SnTe,*** Hg alloyed SnTe,””® Bi doped SnTe,** and
Cu doped SnTe? and also with the earlier reported theoretical
S vs n curves by Zhang et al."® Theoretical Pisarenko (S vs 1)
curves at room temperature have been calculated earlier by
considering the contribution of both the light hole valence band
(L point) and heavy hole valence band (2 point) of SnTe."
This model uses a light hole band effective mass of ~0.168 m,,
a heavy hole band effective mass of ~1.92 m,, and an energy
gap between two valence bands of 0.35 eV, respectively. Indium
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Figure S. (a) Electronic band structures of Sn ¢Te s Sn;sMgTeq, and
Sn;,Mg,Te ¢ supercell as a function of wave vector in the supercell
brillouin zone. The energies shown are relative to the valence band
maximum of SnsTe s The band gap appears at the I" point and heavy
hole band at Z + § in the (1/2 X /2 X 2) tetragonal supercell. The
VBM and CBM occurring at L point in the rocksalt cell of SnTe fold
on to the I" point, and the heavy hole valence band appearing along X
folds on to Z + J in the case of present 32 atom (\/2 X \/2 X 2)
tetragonal supercell. (b) Band gap (AEcpr_ypr) and energy difference
(AEypr_vp(z+5) between two valence bands as a function of
concentration of Mg in SnTe. (c) The energies of light hole valence
band (I'), heavy hole valence band (Z + &), and conduction band (I")

as a function of concentration of Mg in SnTe.

and Cd/Hg alloyed SnTe samples show much higher Seebeck
coefficient than that of the theoretical Pisarenko curve due to
the effect of resonance level formation'>*° and valence band
convergence,29 respectively. We observe that Sny g3, Mg, Te
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Figure 6. Temperature dependence of the power factor (6S2) of
Sn; g3, Mg, Te samples.

samples also show significantly large Seebeck coefficients
compared to that of the Pisarenko curve (Figure 4b).

In order to understand the origin of enhancement in Seebeck
coefficient we have performed DFT calculation of electronic
structure of SnTe and Mg-alloyed SnTe (see in Figure Sa). For
SnysTeys SnysMgTe 4 (6 mol % Mg alloyed), and Sn;,Mg,Te ¢
(12 mol % Mg alloyed) systems, the principal valence band
(light hole) maximum (VBM) and conduction band minima
(CBM) occur at the I point and the heavy hole band is at Z + §
along the Z — R direction. The VBM and CBM occurring at
the L point in the Brillouin zone of the cubic cell of SnTe folds
onto the I' point, and the heavy hole valence band appearing
along X folds on to Z + & in the Brillouin zone of the 32 atom
(v/2 X 1/2 X 2) tetragonal supercell. The band gap of SnTe
increases with increasing Mg alloying, consistent with the trend
of the experimental band gap measured by diffuse reflectance
spectroscopy. The band gap of ~0.049 eV was obtained in the
case of SnTe, which is in good agreement with previous
calculation which does not consider the spin orbit coupling.””*
The band gap of 0.049 eV of Sn;4Te g at the I' point increases
to 0.069 and 0.084 eV with substitution of 6 mol % and 12 mol
% Mg for Sn atoms, respectively (Figure Sb). This is due to the
larger decrease in the energy of the valence band in comparison
with the conduction band at the I" point leading to opening of
the band gap (Figure Sc).

Significant decrease in the energy separation between the
light and the heavy valence band of SnTe is achieved with Mg
alloying. The energy separation between the light hole and the

1.2 —m—Sn, Te T
—&—Sn, Mg, Te '
1.0 —@—SnMg, .Te v
_:_ 2:0 ssmgc csT:
0.96° 0.07
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Figure 8. Temperature dependence of thermoelectric figure of merit
(ZT) of Snyg;_,Mg,Te samples with 10% error bar.

heavy hole valence band decreases from 0.375 eV for pristine
SnTe to 0.18 eV for the 12 mol % Mg alloyed SnTe sample
(Figure Sc). Thus, incorporation of Mg in the SnTe leads to
increase in the valence band degeneracy. Such valence band
convergence is expected to result in enhancement of the
Seebeck coefficient due to contribution from both the bands, as
there is an asymmetric increase in the density of states near the
Fermi energy. Similar band modifications have been found in
Cd/Hg alloyed SnTe* and Cd and Mg alloyed PbTe.'®"’

Figure 6 represents temperature dependent power factor
(6S*) data of Sn;g;_,Mg,Te (x = 0—0.1) samples. Benefiting
from the significant enhancement in Seebeck coefficient both in
low and high temperatures, Mg alloyed Sn, j;Te samples have
much higher power factors than the undoped Sn; y;Te sample,
with maximum values reaching to ~30.3 yuW cm™' K* (Figure
6). The maximum power factor values obtained in the present
Sn;g;_,Mg,Te ingot samples are indeed higher than those of
previously reported spark plasma sintered In and Cd/Hg
alloyed SnTe samples.”>*® Typically, at room temperature, the
68 value for Sngg,Mg, oo Te is to be ~3.5 yW cm™' K> which
rises to ~30.3 yW cm™ K™ at ~856 K.

In Figure 7, we present the temperature dependent total
thermal conductivity (k) and lattice thermal conductivity
(ki) of Snjgs_,MgTe (x = 0—0.1) samples. The kj,, was
obtained after subtracting the electronic part, K, from the Ko,
The electronic thermal conductivities, k; = LoT, were extracted
based on fitting of the respective Seebeck values that estimate
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Figure 7. Temperature-dependent (a) total thermal conductivity (Ki) and (b) lattice thermal conductivity (ki) of Sn,g;_,Mg,Te samples.
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the reduced chemical potential from which the Lorenz number,
L, can be obtained as explained in detail previously (Figure $4,
Supporting Information).'®” Mg alloying in Sn, o;T'e optimizes
the temperature dependent ki, by controlling the k. (Figure
SS, Supporting Information). With increasing the Mg
concentration K, decreases due to the systematic decrease
in k. Typically, the room temperature K, value measured for
SngosMggooTe is ~4.9 W m™ K™ which decreases to ~22 W
m~' K" at 873 K. Interestingly we have not observed any
systematic trend for ki, with Mg concentration in Sn;g;Te.
Typically, the room temperature ki, value measured for
SngosMggoeTe is ~2.7 W m™ K™ which decreases to ~0.78
W m™' K™ at 856 K, which is slightly higher compared to Cd/
Hg alloyed SnTe samples.”

In Figure 8, we present temperature dependent ZT of
Sn; ;_,Mg,Te (x = 0—0.10) samples. The highest ZT value of
~1.2 at 856 K was achieved for Snyg,MgyooTe, which is
significantly higher compared to the undoped Sn, o;Te sample.
The highest ZT obtained in the present crystalline ingot sample
synthesized by simple melting reaction is indeed comparable to
previously reported maximum ZT of spark plasma sintered Cd
alloyed (ZT ~ 1.3 at 873 K),”* Hg alloyed (ZT ~ 1.35 at 910
K),*" and In doped (ZT ~ 1.1 at 873 K) SnTe
samples.BAverage ZT of Sny Mg goTe is ~0.6 by considering
the hot and cold ends to be 860 and 300 K, respectively, which
is indeed comparable to the previously reported In doped SnTe
(ZT e ~ 0.6) and Cd-doped SnTe (ZT,,, ~ 0.65).

B CONCLUSIONS

p-type SnTe can be optimized to be a good thermoelectric
material for power generation by controlling the hole
concentration and improving the Seebeck coeflicient. Mg
alloying increases the band gap of Sn,;o;_ Mg, Te (x = 0—0.9)
samples, which resulted in a decrease in the energy separation
between two valence bands (light and heavy holes) of SnTe.
Thus, effective convergence of the valence bands giving rise to
significant enhancement in the Seebeck coefficient resulted in a
remarkable increase in the power factor of Sn, o;_ Mg, Te (x =
0—0.1). This type of band engineering is a crucial finding of this
work and is important in achieving a high figure of merit of
~1.2 at 856 K for the p-type Sngg,MgjooTe sample. Present
research suggests that SnTe-based materials are important
candidates for thermoelectric power generation and provide the
promise to act as alternative of lead chalcogenides in near
future.
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