Terahertz Photoconductivity in Disordered Single-Wall Carbon Nanotube
Films

Christopher W. Miller,'? Taneli Juntunen,’ Naoki Fujimura,3 Yukio Kawano,® Xiaowei
He," Robert H. Hauge,4 Junichiro Kono™”

' Department of Physics and Astronomy, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina, U.S.A.
*NanoJapan: International Research Experience for Undergraduates Program, Rice University,
Houston, Texas, U.S.A.
*Department of Physical Electronics, Tokyo Institute of Technology, Tokyo, Japan
*Department of Electrical and Computer Engineering, Rice University, Houston, TX, U.S.A.
5Department of Physics and Astronomy, Rice University, Houston, Texas, U.S.A.

The terahertz (THz) frequency range, from 0.1 to 10 THz, is the latest frontier of the
electromagnetic spectrum to be exploited by solid-state technologies. Given their unique
properties of exhibiting characteristics of both infrared and microwave waves, THz waves have
provoked much interest in the scientific and engineering communities. Recently, single-wall
carbon nanotubes (SWCNTs) have emerged as important materials for THz device applications
such as THz polarizers [1], detectors [2], and sources. SWCNTs absorb THz radiation across a
wide spectral range in a strongly polarization-sensitive manner; in addition, they are flexible,
mechanically strong, and highly conductive both electrically and thermally. Here, we are
investigating the photoconduction properties of a macroscopically aligned SWCNT film in
response to THz radiation as a function of temperature to probe signs of quantum mechanical
transport processes such as quantum tunneling in the presence of strong disorder. We first
measured the resistance of the SWCNT film as a function of temperature in a temperature range
of 3-20 K with particular interest in the 3-4 K range, observing a variable-range hopping
transport mechanism. To perform a comparative study of how THz radiation influences the
conductivity, we are also performing resistance measurements under THz illumination.
Furthermore, to understand how THz radiation of varying frequencies may influence the
transport mechanisms, we are performing the measurements in this temperature range with THz
waves of varying frequencies. Given that the transport mechanisms under similar conditions
have yet to be investigated, we are interested in understanding the terahertz induced response.

1. L. Ren et al., “Carbon Nanotube Terahertz Polarizer,” Nano Lett. 9, 2610 (2009).
2. X.He et al., “Carbon Nanotube Terahertz Detector,” Nano Lett. 14, 3953 (2014).
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