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Thermal Conductivity of a Thin Film Based on Bismuth Telluride
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Thermal conductivities of bismuth telluride thin films were measured by using 3w method. The measured
thermal conductivities depend on the grain size of the film controlled by post annealing. Spectral phonon model is
considered to evaluate the thermal conductivities of nanocrystalline bismuth telluride thin films. The decreasing
thermal conductivity with decreasing grain size was roughly explained although the spectral model includes some
assumptions for simplicity. The phonon mean free path calculated by the spectral phonon model is relatively long,
and much longer than the mean free path of electron. Bismuth telluride porous thin films were fabricated to cut the
ballistic phonon transport with long mean free path as well as keeping diffusive electron with short mean free path.
The measured thermal conductivity of porous thin film was extremely low, and the non-dimensional figure of merit
was enhanced by sub-micron structures.
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Fig.1 Schematic of thermoelectric generator. When one side of
the thermoelectric material is heated, carriers are diffused and it
becomes electric current.
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Fig.2 Thermal conductivity of Bi,Te; thin films *'>. AO
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Fig.3 Temperature rise measured by 3w method. Inset is a
schematic of samples for 3 method.
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Fig.4 Measured thermal conductivity of p-type Bi,Te; (a),
and n-type BiyTe; (b). The calculated cumulative thermal
conductivities are plotted in solid line (Bi,Te;) and point line
(szTC;; or BiQSe3).
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Fig.5 Schematic of diffusive transport of electrons (a) and
ballistic transport of phonons (b).
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Fig.6 SEM image of a Bi,Te; porous thin film on an anodized
porous alumina substrate (Top view)
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Fig.7 SEM image of a Bi,Te; porous thin film on a porous
substrate prepared by block-copolymer (Top view).
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Fig.8 SEM images of porous films of Bi,Te; nano-particles.
(a) Top view, (b) Side view.
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Fig.9 SEM images of porous films of PEDOT:PSS-Bi,Te;
composite.
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