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High zT and Its Origin in Sb-Doped GeTe Single Crystals

A record high zT, 2.2 at 740 K, is reported for Ge,4,Sb,ssTe single crystals, with an optimal hole

carrier concentration = 4 x 1020 cm™ that simultaneously maximizes the power factor (PF) =~ 56
uW cm™ K2 and minimizes the thermal conductivity = 1.9 Wm™' K™'. Neutron inelastic scattering
and DFT calculations revealed the origin.

A;eutron—scattering experiment has been performed on SIKA for Geyg,SboosTe single crystals that produced a record high
T,2.2 at 740 K, with an optimal hole carrier concentration = 4 x 1020 cm that simultaneously maximizes the power
factor (PF) = 56 uW cm™' K™? and minimizes the thermal conductivity ~ 1.9 Wm™ K™'. The Geg4,SboosTe material exhibits a sig-
nificant modification for phonon dispersion with an extra phonon excitation about ~ 5-6 meV at the " point of the Brillouin
zone as confirmed. The theoretical support with density-functional theory (DFT) confirmed this phonon excitation, and pre-
dicted another higher-energy phonon excitation ~ 12-13 meV at the W point. These phonon excitations collectively increase
the number of phonon decay channels leading to a softening of the phonon frequencies such that a three-phonon process
is dominant in Geos,ShoosTe, in contrast to a dominant four-phonon process in pristine GeTe, highlighting the importance of
phonon engineering approaches to improve thermoelectric (TE) performance.
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Fig. 1: Inelastic neutron scattering tests of GeTe and Sb-doped GeTe. Phonon dispersion relation from S(Q,E) with function of energy transfer E and q
along [0KO] for (a) pristine GeTe, and (c) GeogSboosTe crystals with TA and LA branches. The solid circles in (a) were determined with a multi-peak
Gaussian function from panel (b), the red dashed lines are for visual guidance. (b) and (d) show phonon energy spectra for energy scans along
[OKO] with a constant Q of k = 1-1.5 for GeTe and Geos:SboosTe crystals respectively. The open symbols represent the data collected from the
triple-axis spectrometer of SIKA; the solid lines in (b) are numerical fits with a multi-peak Gaussian function, and in (d) are for visual guidance.
[Reproduced from Ref. 1]
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samples. The samples were
mounted on the sample stage
of SIKA at room temperature.
The measurement of phonon
dispersion for a thermoelectric
material is becoming popular
around the world. This work also
proved that SIKA is fully capable
of measurements of outstand-
ing results for publicationin a
high-impact journal. The group
also conducted the theoretical
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calculations (DFT) to support
their findings; this theoretical
support is important to com-
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Fig. 2: Phonon density of states and dispersion relations. Theoretical calculation of partial density of states
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for (a) GeTe and (b) Geog:SboosTe crystals. The red trace in (b) indicates the contribution from Sb. (c)

plete the study.

The VCA method based on calculations to examine the effects of partially doped Sb into GeTe on the

phonon dispersion and -PDOS. Two Sb-doping levels, 0.02 (blue traces) and 0.08 (orange traces), are

In summary, the work here has
reported a recent study of GeTe
and Gegq,ShoesTe single crystals
on the cold triple-axis spectrom-
eter SIKA. The phonon disper-
sion has been measured at SIKA;
DFT calculations revealed the origin of the thermoelectric
properties of a record high zT of Gegs,SboesTe single crys-
tals. The work on Gegs,ShoosTe highlights the importance of
phonon engineering approaches to improve the thermo-
electric (TE) performance for future applications. (Reported
by Shinichiro Yano)

from Ref. 1]

This report features the work of Yang-Yuan Chen and his
collaborators published in Adv. Sci. 7, 2002494 (2020). This
paper was chosen as the inside back cover of the Nov.-Dec.
2020 issue.

ANSTO SIKA - Cold Neutron Triple-axis Spectrometer

¢ NS, Phonon
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shown for a comparison with that of pristine GeTe (green traces). The right panel shows the supercell
used in the DFT calculation of GeTe. Similar DFT calculations were performed for GST with varied con-
centrations of Sb; the overall phonon frequency softens because of the Sb doping. In pristine GeTe, no
phonon mode is present between 0 and 10 meV at the " point and 12-13 at the W point. [Reproduced
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