
Introduction:  The structure and phase transition of GeTe-Sb2Te3 alloys   

Our goal is to use high-temperature
resonant ultrasound spectroscopy
and high-temperature x-ray
diffraction to characterize the
temperature evolution of the
structure and elastic moduli of GeTe,
(GeTe)17Sb2Te3, Sb2Te3, and Bi2Te3 to
determine the impact that vacancy
re-ordering has on lattice thermal
conductivity.
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Background: GeTe-Sb2Te3 alloys in recent
years have emerged as excellent
thermoelectric materials, with reports of zT >
2 for Ge-rich compositions [1]. These
compounds exhibit a solid-state phase
transition from a layered structure with
rhombohedral symmetry to a cubic rocksalt
structure at intermediate temperatures [2].

The research to date has focused on the
optimization of zT, while overlooking the
underlying impact that the phase transition
has on the elastic moduli and speed of sound.

Resonant Ultrasound Spectroscopy (RUS) measures the vibrational
Eigenmodes of samples with well-defined geometries. Peaks occur at “Eigen-
frequencies”, which depend on the sample’s elastic constants, (C11, C44),
shape, orientation, and density.

Example of Eigenmodes of a cylinder [3] Data analysis: Determination of elastic
constants relies on the comparison of the
experimental spectrum to computed values
in an iterative fitting process.
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Elastic moduli and speed of sound as a function of temperature

The evolution of bond length and bond
strength as a function of temperature is
inextricably connected. Further, the rate
of softening of a material is typically
correlated with the degree of
anharmonicity of the acoustic phonons,
since the elastic moduli directly
determine the speed of sound.

In general, longer bonds are weaker,
which is why thermal expansion leads to
softening of elastic moduli with
increasing temperature.

The alloyed compound (GeTe)17Sb2Te3 is
highly unique in that the elastic moduli
actually harden with increasing
temperature.

An abrupt increase of the elastic
moduli can be seen upon the
lattice re-ordering from
rhombohedral to cubic symmetry.
Above the phase transition,
softening of the elastic moduli can
be observed, as expected due to
thermal expansion.

Structural evolution with temperature

The expansion in the a-b
plane is due to the
substitution of the larger Sb
cations on the Ge site, while
the contraction along the c-
axis is caused by the ordering
of cation vacancies into layers
perpendicular to c.
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Flattened lattice thermal conductivity

The competing effects of lattice stiffening
(which tends to increase κL) and Umklapp
scattering (which tends to decrease κL) can
explain this anomaly in the lattice thermal
conductivity of (GeTe)17Sb2Te3.

Assuming Umklapp scattering is the major scattering mechanism, the
lattice thermal conductivity of a given material is expected to decrease
with increasing temperature (1/T).

Anomalous lattice stiffening with increasing temperature 


