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Improvement of Thermoelectric Properties of
Bismuth Telluride Thin Films using Rapid Thermal Processing
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Abstract  Effects of rapid thermal annealing of hismiith telluride thin films on their thermoelectric properties
were investigated. Films with four different compositions were elaborated by co-sputtering of Bi and Te targets.
Rapid thermal treatments in range of 300~400°C were carried out during 10 minutes under the reducing
atrmosphere (Ar with 10% H;). As the temperature of thermal treatment increased, carrier concentrations of
films decreased while their mobilities increased. These changes were clearly observed for the films close to the
stoichiometric composition. Rapid thermal treatment was found to be effective in improving the thermoelectric
properties of Bi;Te: films. Recrystallization of Bi;Te: phase has caused the enhancement of thermoelectric
properties, along with the decrease of the carrier concentration. Maximum values of Seebeck coefficient and
power factor were obtained for the films treated at 400°C (about -128 tV/K and 910" W/KZm, respectively).
With further higher temperature (500°C), thermoelectric properties deteriorated due to the evaporation of Te
element and subsequent disruption of film's structure.

Key words Bismuth telluride, thermwelectric thin film, thermoelectric properties, Hall effect measurement,
rapid thermal processing.
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Fig. 1. Determination of Seebeck coefficient of a film.
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Table 1. Compositions of bismuth telluride films prepared at various target powers

specimen series

Bi target power (W) Te target power (W) Bi content in films (at%)

Te content in films (at%)

#1 24 50
#2 24 53
#3 21 50

#4 21 53

445 555
42.6 574
40.7 593
37.0 63.0
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Fig. 2. Change of electrical transport properties of bismuth
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Fig. 3. Variation of Seebeck coefficients of bismuth telluride
films according to the annealing temperature.
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Fig. 4. Thermoelectric properties of bismuth telluride films as
a function of carrier concentration; (a) Seebeck coefficients,
(b) power factors.
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Fig. 5. SEM image of a bismuth telluride film annealed at
500°C.
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