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ThermoeleQriCPropertieSof Ternary Ge-added InloSbloGe Al10y
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OAbstractdd It was reported that InSb single crysta has an excellent thermoel ectric power factor due to its
extremely high carrier mobility. In the present work we prepared Ge—added ternary In-Sb—-Ge all0y using a mild
solidification technique and evaluated its thermoelectric properties in the temperature range from 320 K t0 708
K. Observations reveal that the microstructure is composed of the InSb phase with Ge-eontaining phase
embedded O which is in agreement with t" e X—+ay analysis. Measurements show that the lattice thermal
conductivities are very low over the entire temperature rangell especially at low temperatures while the
electronic component reduces from 6. 3 t0 2. 4 W . mO1. KOlOwith increasing temperature Jand plays a
dominant rO% in carrying heat. The highest thermoelectric figure of merit ZT of 0. 18 can be achieved for
InloSbloGeat 708 K.
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narrow band gap of 0. 18 eV at room temperature[d O

1 Introduction thereforeOdit has many applications in the electronic

fields. Currently Omany el ectronic devices have been

InSb has the highest electron mobility among all scaled downd and accordinglyd the electric power

binary Ul V compound semiconductorsd Oand has a necessary for their operations has become lower. At
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this pointd InSb is the most appropriate material
because the device operation voltage using InSb is
expected to be very small. T he thermal conductivity
of single crystal bulk InSb is larged and has been
reported in the range from 11 t0 18 W mO1 KO3 O
but it is the lowest one among four Il V compounds
InSbOInAsOGaA sOand InP[4]. For the commercial
application point of view Owe still need some decrease
of the thermal conductiVity in order to obtain high
thermoelectric O EOfigure of merit (ZT O

In recent yearsOmany works have been done in
order to improve TE performance of InSb.
Yamaguchi studied the TE properties of a Te doped
InSb bulk single crystal Dand obtained the maximum
TE figure of merit of Q 6 at 673 K[§. Mingo reported
that InSb is a promising candidate for which nanowire
around 1O nm thick might suffice to obtain a
reasonably high ZT value'6LO possibly due to the
reduction of nanowire thickness that yields strong
boundary scattering of the mid frequency phonons.

InSb all0y exhibits a p-type semiconductor
behavior probably because of the vacancy at In sites.
For the Te doped InSb bulk single crystal 00 negative
Seebeck coefficients can be obtained[3 O and the
element Te may provide extra electronsso that it
plays a donor action in the bulk InSb. A similar
achievement can also be expected if element Ge with
four—valence is doped. Besidesthe larger the mass
difference in the alloy Othe larger the reduction of the
lattice thermal conductivity'B. The atomic mass
difference between the guest and host playsakey role
on the reduction in the lattice  thermal
conductivity[89 Othe maximal phonon scattering by
mass fluctuation between Ge and In OSb0O should
therefore be expected in a defected crystal structure
because the maximum atomic mass difference can be
achieVed on one or more lattice sites.
work D a Ge-added

InloSbloGe alloy was prepared using spark plasma

In the present ter nary

sintering Jand its T E properties were evaluated in the
temperature range from 320 K t0 708 K.

2 Experimental

The mixtured composed of the three elements

In0Sb and Gewith a purity of higher than 99. 99% O
according to the formula InloSbloGeldwas loaded into
the silica tube under vacuum and then melted at 1273
K for 24 hOduring which 30 srocking every | h was
conducted to ensure that the composition was
h. mogenous without segregation. After cooling to
833 K in the furnace for the molten mixtured a
subsequent cO00ling in the air was conducted. The
ingot was pulverized and then ball milled in a
stainless steel bow!| at a rotation rate of 350 rpm for 5
h. SubsequentlyO the dried powder was quickly
sintered at 723 K using a spark plasma sintering
apparatus [OSPSM030 O with designed sintering
program at a pressure of 40 MPa. T he densities of
the sintered samples were measured using an
Archimedes method Oand each sample was cut int0 3
mm slices measuring 2.5x 15 mm2from the sintered
block with the size of 20 x 2. 5 mmZ for property
measurements.

T he electrical properties involving the Seebeck
coefficients and electrical conductivities as a function
of temperature were measured using an apparatus
IULVAC ZEMR2O in a helium atmosphere. The
thermal diffusivities were measured by a laser flash
method using Netzsch LFA 457 apparatusand the
thermal conductivities were calculated from the
densities 0 specific heats and thermal diffusivities.
T he structural anaysis of powders for thealloys was
made by a p.wder X—ray diffractometer OXRD-980
using Cu K radiation 011 0. 154 06 nmQOOusing a
scan rate of 4. min0l to record the patterns in the
range of 10.< 20< 900 T he microstructures of the
bulk sample were observed using Field Emlsslon
Scanning Electron Microscopy OFESEM O 0OJSM
6700F 00 and the chemical compositions in different
phases in the sample were observed by an Electron
Probe Micro analyzer (EPMA O OXAB1000 with an

analyzing accuracy of higher than 97%.

3 R esults and discussion

The XRD patterns of the alloys InloSbloGe and
INnSb were presented in Fig. 10where we observed a
two phase structureJone phase corresponding to the
bulk phase InSb O and another to the single element
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dloys InlosbloGe and Insb p'epa’ ed by 8wa'k plasma sintering
alloys as a function of temperature. T he values are
negative for both InSb and Ge-added InSb samplesO

n-type
behaviors were reported by Biefeld  0Z. Owho found

indicating conducting behavior. Similar
that Sn isadonor in InSb grown by M OV PE[1J. But
EhsaniOO [Z. reported that Si is a well behaved p—
type dopant in GaSb and Gaa8 no2Sb compounds[n]..
T he values for the two samples are almost the samel

suggesting that there is a similar basic conducting

T he values of the

NN

possibly because of the decrease of the carrier

mechanism upon adding Ge.
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Fig.4 Eledrical conductivities as afunction of
redprocal temperature for the alloys InloSblo
Geand Insb prepared by spark plasma sntering

The total thermal conductivity KOOis the sum

contribution e« O and lattice

11 0

their values as a function o {

— 1. o4 4 .0 —

temperature are presented in Fig.5. The InloSbloG e

of the electronic

componentO KL O and

alloy exhibitsthe total thermal conductivity from 6.7

[0 0O Thidedhen (11 TIATdihasbad

LOT Owherel isthe Lorenz constant [ O 2.45 x
10B V2K 020019 Orangesfrom 2.4t06.3 W . m[1 .
K 0100 and plays a dominant role in carrying heat.
the electrical

A Ithough a decrease in conductivity

after Ge addition yields low electronic contribution to
the total thermal conductivityd the lattice
contribution OX.Otakes only a small part in the total
K oVer the entire temperature rangeldsuggesting that
in the Ge added InSb there are two phonon scattering
mechanisms prevailedd one is carrier phonon
scattering caused by theelectronsand the another is
the grain boundary scattering to the mid frequency

phonons caused by the Ge-eontaining chunks.
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aloy Inloshl dGe prepared by spark plasma sintering

The TE figure of merit (ZT Ofor InloSbloGe is

work for the ternary Sb-—F e-Ge OGal alloys[B1] O if

we were able to be assisted by the thermal
conductivitiesof 110 18 W . md1. KI reported in

rPO r3] and calculated the ZT values of InSbOwe

could estimate that the maximum ZT Value of InSb is

less than O 1 at the corresponding temperature’
hence the InloSbloGe already outperforms the TE

performance of Gefree InSb. If we would optimize



. the chemica compositions to the current InloSbloGe
based alloysOin order to further increase the Seebeck
coefficient without sacrificing the  electrical
conductivitiesOa significant improvement of the TE

property of this ternary alloy can be expected.
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Fig. 6 Rdaionship beween temperature and the thermodedtri.
figure d merit [ZT Oin 320708 K for the alloy InloShloG8

prepared by spark plasmasintering

4 Conclusions

A Ge-added ternary alloy Inlo Sblo Ge was

prepared using spark plasma sintering and its TE

properties were evaluated in the tem perature range

from 320 K t0 708 K. A n analysis reveals that the

microstructure is composed of two phasesOwith one
phase being insoluble Ge that is embedded in the
InSb. The Seebeck

matrix 0 and another being

coefficients are alm ost the same as those of G e free

InSb Obut the lattice thermal conductivities are very
Dw and the highest ZT value of O 18 is obtained at
708 K. A big improvement of TE property can be
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