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Thermal Conductivity of Nano-porous Bij4TesoSb ¢
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The thermal conductivity of nano-porous Bip4Te;oSb;¢ prepared by a nano-particle coating
method is measured at temperature range from 100 K to 300 K by using a 3@ method. Nanoparticle
Bip4Te;oSb; ¢ thin films exhibit an order of magnitude reduction in thermal conductivity compared to
that of bulk alloys. The reduction of thermal conductivity is clarified by employing a simplified
phonon scattering model. As a result, we considered that the phonon scattering at the nano-porous is
responsible for the observed reduction in thermal conductivity.
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Table 1 Parameters of single crystal Bi,Te;, thermal
conductivity, phonon group velocity, and specific heat
capacity at 300 K.

Table 2 Selected model parameters for single crystal
Bi,Te; in the sine-dispersion relation. Primitive per unit
cell, phonon sound velocity and thermal conductivity are
from references.
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Fig. 1 Thermal conductivity of single crystal bulk Bi,Tes,
fit with the phonon gas model.
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Fig. 2 Cross-section SEM micrograph of BigsTe;oSb; ¢
nanoparticle thin film sintered at 450 °C.
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Fig. 3 Images of the samples used for measurement of
thermal conductivity using a 3@ method. (a) surface
micrograph, (b) sample and (c) reference cross-plane
structure. Heater length is 2 mm, metal wire width is 20
pum, metal electrode size is 1 mm x 1 mm.
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Fig. 4 The temperature amplitudes experienced by 20 um
width heaters deposited onto the reference and the
Big4Te;0Sby ¢ nanoparticle thin films after sintering at 450 °C.
The inset indicates the sample structure of nanoparticle film
and reference sample.
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Fig. 5 Thin film thermal conductivities of Bip4Te;0Sb;s
nanoparticle depend on temperatures. Temperature ranges are
from 100 K to 300 K.
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Fig. 6 Thermal conductivity distribution per unit mean free
path for single crystal bulk Bi, Te; at 300 K.
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Fig. 7 Cumulative thermal conductivity for single crystal
bulk Bi,Te; at 300 K.
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NOMENCLATURE

A, : Fitting parameter for impurity, s>
B : Fitting parameter for umklapp, s+ K
B,  :Fitting parameter for umklapp, K
b : Half metal wire width, m

: Specific heat capacity, J-m”-K'
dy : Thickness of thin film, m
Kn  : Knudsen number, -
kg : Boltzmann constant 1.3806 x 102, J-K!
L : Phonon mean free path, m
l : Cutoff phonon mean free path, m
N : Primitive per unit cell, m>
P : Power density applied on to metal line, W+-m’
q : Wave vector, m’

S

R : Resistance of metal wire, Q

T : Temperature, K

4 : Volume, m®

Vie : Voltage drop across metal line, V

V3, : Third harmonic voltage drop across metal line, V
Vg : Group velocity, m*s”

Vs : Sound velocity, m*s”

AT,  :Temperature amplitude of substrate, K

AT : Temperature amplitude of substrate and film, K

K : Thermal conductivity, W m!-K!

Kware - Thermal conductivity of bulk, W+ m!'-K!

K : Thermal conductivity of thin film, W+ m'-K!
K; : Thermal conductivity of substrate, W+ m'-K!
Kc* : Cumulative thermal conductivity, %

0] : Angular frequency, rad-s™

@p  : Cutoff angular frequency, rad-s”
h - :Planck constant 6.6261 x 10™/2m,J+s
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