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Development of high-performance thermoelectric device is highly required for creating a
sustainable society. Bi,Tes-based alloys are currently the only material that are commercially
available. However, these alloys contain scarce elements, and their potential toxicity and poor
processing ability limit their practical applications. Flexible thermoelectric device is more
favorable for exploiting exhaust heat efficiently because they can fit curved surface such as
piping. Single-wall carbon nanotube (SWCNT) is one of a few materials that can be flexible
electronic device. Our previous study showed that highly-purified semiconducting SWCNT film
exhibits a large Seebeck coefficient, which is comparable to Bi,Tes-based alloys. Our results
suggested that interfacial surface between nanotubes and/or bundles play an important role in
producing a large Seebeck coefficient. Therefore, the effects of inhomogeneity remaining in
sample and of the interfacial surface to thermoelectric properties of SWCNT film should be
further clarified.

Here, we report the in situ observation of the interfacial surface between nanotubes and/or
bundles in SWCNT films by STM measurements. We observed that each SWCNT forms small
bundles, and these small bundles form larger bundles in a hierarchical manner. We have clarified
from first-principles calculations that a tiny inclusion of metallic SWCNTSs may greatly affect
the thermoelectric properties. It was found that only 0.1 % inclusion of metallic SWCNTs
may greatly lower the Seebeck coefficient and shift its peak to the hole-doped region, which is
consistent with our previous experiment. We have succeeded in continuous both p- and n-type
control over the Seebeck coefficients of semiconducting SWCNT film through an electric
double layer transistor setup using an ionic liquid as the electrolyte. The Seebeck coefficient of
semiconducting SWCNT film was continuously changed by the shift in gate voltage, exhibiting
peaks in the both p- and n-type reflecting van-Hove singularities due to the one-dimensional

nature of the semiconducting SWCNT.
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