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InSb is a good candidate thermoelectric (TE) material owing to its high carrier
mobility and narrow band gap around 0.18 eV. However, a high figure of merit
(ZT) value has not been achieved with InSb because of its high lattice thermal
conductivity (jlat). To reduce the jlat of InSb, we prepared a ZnIn18SiSb20 alloy
by Zn/Si codoping into the In lattice sites of InSb. Polycrystalline samples of
ZnIn18SiSb20 were prepared by a solid-state reaction method combined with
hot pressing. To investigate the microstructures and TE properties resulting
from different cooling conditions, samples were prepared by water quenching
or slow cooling after an annealing process. The different cooling conditions led
to different ZnIn18SiSb20 microstructures and TE properties. The electrical
transport properties showed that both samples exhibited metal-like behavior
and p-type conduction. The thermal conductivity values of the quenched and
slow-cooled samples at room temperature were 8.7 W m�1 K�1 and
11.7 W m�1 K�1, respectively. A maximum ZT value of 0.23 was obtained at
723 K for the quenched ZnIn18SiSb20 sample.
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INTRODUCTION

The effectiveness of thermoelectric (TE) materials
is determined by the dimensionless figure of merit,
ZT = S2rT/(jel + jlat), where S is the Seebeck coef-
ficient, r is the electrical conductivity, T is the
absolute temperature, jel is the electrical thermal
conductivity, and jlat is the lattice thermal conduc-
tivity. The most important issue in research on TE
materials is to increase the electrical transport
properties (S2r) but decrease j (j = jel + jlat).
However, since S, r, and jel are interrelated, it is
very difficult to control them independently. Thus,
reducing jlat is essential to enhance the ZT value.1

Over the past few decades, InSb, which has a
narrow band gap with high electron mobility, has
been considered to be a good candidate TE material.
The carrier mobility of InSb single crystals

(104 cm2 V�1 s�1 to 105 cm2 V�1 s�1 at 300 K) is the
highest among III–V semiconductors. However, a
high ZT value has not been achieved with InSb
because of its large j of �17 W m�1 K�1.2–4 Thus,
most research on InSb-based TE materials has
focused on reducing its large j.5–9

Substitution of other elements into a crystal
lattice is known to be an effective method for
enhancing phonon scattering due to the differences
in atomic mass and size between the host and
impurity atoms.10–12 Solid solutions with the same
crystal structure show good TE performance, e.g.,
the PbTe-PbSe, Bi2Te3-Bi2Se3, InSb-GaSb, and
Si-Ge13–16 systems. Recently, Skoung et al.12

synthesized a copper-based ternary solid solution to
reduce jlat and improve the TE properties. This
copper-based system has the same crystal structure
as InSb, i.e., the zincblende structure. Moreover, the
AgPbmSbTem+2 (LAST-m, LAST for lead antimony
silver tellurium) system has attracted great
attention due to its high ZT value of 1.7 at 700 K
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