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Thermoelectric properties of PbTe-SnTe: In
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The analysis of the dependencies of thermoelectric properties of the solid solution
(PbgsSny,);.xInxTe upon In content (0.02 < x < (0.15) at the temperatures 77-300 K has been
conducted. It has been proved that at temperatures higher than 250 K the thermo-emf coefficient
is negative for all compositions. At lower temperatures (77-200 K), the samples with 0.02 < x <
0.05 also have negative thermo-emf coefficients, while for the samples with x > 0.05 exhibit

inversion of the sign of the thermo-emf coefficient. The power factor (¢>c ) has maximal

values for x=0.02.
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I. Introduction

AVBY compounds are prospective
thermoelectric materials that function at
temperature up to 800 K [1]. The effectiveness
of their use is determined by the possibility to
obtain the high values of the thermoelectric
characteristics, such as coefficient of the
thermo-emf (o) and power factor (o’c) [2].
Thermoelectric characteristics of  the
semiconductor depend on the position of the
Fermi level, concentration (n), mobility (1) and
effective mass of the charge carriers, and upon
the mechanisms of their scattering. Using solid
solutions and doping processes. It is possible to
successfully control the above-mentioned
parameters of the material, and therefore to
control its thermoelectric characteristics [1,3].
In publications [3-6] it has been shown that the
energy levels of indium in A"VBY' compounds
substantially depend on the composition of the
basic matrix. In PbTe at low temperatures they
are situated amongst the levels in In conduction
band, while in Pb;.ySnyTe solid solution with
increasing Sn composition up to y = 0.2, they
shift in the direction of the valence band. The

dependence of the position of the doping In
energy levels upon the In concentration in
SnTe-PbTe solid solutions has been discussed
in [7].

We have analyzed the dependencies of the
thermoelectric characteristics of the solid
solution (PbgsSny»);.xInxTe upon the content
of indium (0.02 < x < 0.15). The solid solution
PbosSng,Te is interesting for analysis because
its width of forbidden zone is about zero, and
its alloying for In x=0.02-0.05 causes
considerable changes of the structure of
forbidden zone [7].

II. Experimental procedure and results

The high purity Pb, Sn, Te, In (with dashes <
10* %) were used as starting materials for
composition synthesis. The samples were
prepared using cermet technology followed
with homogenization at 920 K for 100 hours.
The thermoelectric characteristics of the
material were measured in the temperature
interval 77-300 K by compensation method in
dc and H fields.
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We have been established that the
dependence of the thermoelectric
characteristics of (PbggSng2);.xInxTe upon the
content of indium is determined by the
temperature (fig. a, curve 1). At temperatures
higher than 250 K the thermo-emf coefficient
is negative for all compositions (fig. a, curve
2). At lower temperatures (77-200 K), the
samples with 0.02 < x < 0.05 also have
negative thermo-emf coefficients, while for the

xl

samples with x > 0.05 exhibit inversion of the
sign of the thermo-emf coefficient (fig. a, curve
1). It should be also noted that in both regions
(with negative and positive thermo-emf
coefficient), an increase of the indium content
leads to a decrease in the absolute value of the
thermo-emf (fig. a). The conductivity (o) of
the solid solution grows with increasing indium
content (fig. b). While the power factor (oo )
for 0.02<x<0.05 drops, and the becomes almost

xl

fig.a

fig.b

fig.c

Dependency of the coefficient of the thermo-emf (o - a), of specific conductivity (o - b), thermoelectric

power (oczc - ¢) of solid solution (PbggSng,);.xInxTe upon In content at tempera-
tures T, K: 1 - 100, 2 — 300.
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insensitive to the indium contents (fig. c).

II1. Discussion

From published [3,5-7] it is known that In
impurities in PbTe and in PbTe-SnTe solid
solutions act as donors. When the content of In
in (Pbg78Sng22)1.zInzTe is small (less than 5
atomic %), the impurity levels are situated in
the forbidden gap near the conduction band [7].
In this case there is an energy gap between the
conduction band and the impurity levels. As
the content of In grows (5-15 atomic %) the
impurity band expands and partially overlaps
the conduction band. The energy gap
disappears and becomes a pseudo-gap. There
exist energy intervals where the energy
derivative of the density of states has both
negative and positive signs [8]. The fact that
the number of states in the impurity band is
twice the number of electrons that come from
In atoms [3] explains the asymmetry of the
impurity band relative the maximum of the
density of states. Over half of the impurity
levels are situated above this maximum. The
increase of the In content in the samples leads
to the grown of the concentration of electrons
as measured by the Hall Effect, reaching values

common for metals (~10* cm™).

Considering the above described model of
the energy structure it can be inferred that
when the content of In in the solid solution is
small, the main role in the transport phenomena
is played by the carriers of the impurity band
that are ionized and partly separated from the
conduction band. The increase of In content in
this range (0.02<x0.05) results in the growth of
the concentration of the electrons, and this in
its turn leads to the growth of the specific
conductivity (o) (fig.b) and to the decrease of
the thermo-emf coefficient (o) (fig.a).

When the content of In is substantial and
the temperatures are low, the Fermi level is
situated in the region of the negative values of
the energy derivative of the density of impurity
states. This cause the change of the sign of the
thermo-emf coefficient to the normal (i.e.
positive) one (fig.a, curve 1). At high
temperatures, the fermi level is situated in the
region with the positive sign of the derivative,
the therefore the thermo-emf of the materials
adopts its usual (i.e. negative) sign (fig.a, curve
2).
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TepmoenexTpuuni BaactuBocti PbTe-SnTe: In

II.Menbhuk, JI.Mexunosceka, P.3anyxmnsak, M.Kanuntok, P.MuxaitnpoHka

[IpoBeneHo aHami3 3aJeKHOCTEH TEPMOECIEKTPHYHHUX BIACTUBOCTEH TBEPIOrO pa3dHHY
(PbysSng,);.xInxTe Bix ckmaay (0.02 < x < 0.15) mpu temriepatypax 77-300 K. /loBeneno, mo
npu Temneparypax Buie Hixk 250 K koedimient tepmo-EPC HeratuBHUMI Ast BCiX CKIIafiB.
IIpn mHumux temmneparypax (77-200 K), 3pazku 3 0.02 < x < 0.05 Takok MarOTh HETaTUBHUN
koedimient tepmo-EPC, Tomi sk mmsa 3paskiB 3 X > 0.05 cmocrepiraeTsCcsi iHBEpCis 3HAKY
koedinienra Tepmo-EPC.

Koedimient ( o’ ) Mae MaKCHMAJIbHE 3HAYCHHS mpu x=0.02.

Kurouogi cioBa: PbTe-SnTe TBepii po34nHM; TEPMOCIEKTPHUIHI XapaKTEPUCTHKH.



