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Terahertz (THz) radiation has a broad range of potential applications in the
medical, security, industrial, and agricultural fields. However, current technology for
generating, modulating, and detecting THz radiation is unsuitable for commercial
applications because of its limited performance, high cost, and cryogenic temperature
requirements. Single-wall carbon nanotubes (SWCNTs) are a candidate for developing
high-temperature-operating THz detectors due to their wide range of absorption at room
temperature, high charge carrier mobility, flexibility, and strength. Additionally,
SWCNTs come in various species, called chiralities, including metallic and
semiconducting types, which have differing band gaps, conductivities, and Seebeck
coefficients allowing for different responses to THz radiation. In this study, we set out to
characterize the effects of back gate control on THz absorption of highly aligned single-
chirality and metal/semiconductor mixture SWCNT films [1]. Each of our devices
consisted of a SWCNT film on a Si/Si0O, substrate with four Cr/Au electrodes deposited
by electron beam evaporation and an Al back gate deposited by thermal evaporation.
Because aligned SWCNT films exhibit different values of absorption and conductivity
depending on the direction of polarization/current flow with respect to the films’
alignment, we characterized the current-voltage relationship for each orientation with and
without a back gate bias voltage and with and without THz irradiation.

[1] X. He, W. Gao, et al., Nature Nanotechnology 11, 633 (2016).
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Purpose

Characterize the effects of gate control on THz absorption in two
types of highly aligned SWCNT films: semiconductor enriched
(semi-rich) and metal/semiconductor mixture (M/SC).

Metal/Semiconducting SWCNT Device

THz Detection in M/SC and Semi-Rich Films

Semiconductor Enriched SWCNT Device
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Conclusions

» lonic liquid causes a shift in the fermi level of semiconductor enriched

SWCNT films with no applied voltage.

» THz absorption in semiconductor enriched SWCNT films is due to

Intraband absorption by free charge carriers.

» THz radiation can be detected in semiconductor rich SWCNT films via

the photothermoelectric effect.

> Semiconductor enriched SWCNT films are a more effective means to

detect THz than metallic/semiconductor mixed films when charge
carriers are present.

Future Plans

A\

Characterize the SWCNT films at more polarization angles
Establish gate control in SWCNT films

Investigate cause of rapid rise in current in samples with ionic
liquid.
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