Electronic transport simulation in nitrogen-doped carbon
nanotubes focusing on disappearance of Anderson
localization due to phonon scattering.
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Impurity-doped semiconducting carbon nanotubes (CNTSs) are expected to be
used as materials of next-generation field effect transistors or thermoelectric devices
owing to their remarkable electrical properties. As electrical resistance of a doped
CNT are characterized mainly by impurity and phonon scatterings, previous
theoretical studies individually investigated their effects. When impurity
concentration is high and the impurity scattering dominates at low temperature,
conduction electrons localize in CNT and the resistance increases exponentially with
tube length (non-ohmic transport). On the other hand, it is expected that, as
temperature increases, the phonon scattering suppresses such a localization
phenomenon and the transport property becomes ohmic transport. In order to know
whether the localization occurs or not and estimate accurate the resistance at a certain
temperature and impurity concentration, both scatterings must be simultaneously
taken into account in electronic transport simulation.

In the present study, we investigated  «
electronic transport properties in a nitrogen- of o 0K
doped (10,0)-CNT at finite temperatures | 2 300K
using the Open-TDSE with MD simulation  4of
method developed in a previous study [1],
which can simultaneously treat both effects of
localization phenomena due to impurity  *f
scattering and quantum decoherence due to  1of
phonon scattering. We confirmed that P
electrical resistance of a long CNT increases 0 10 O
EXponentla”y.Wlt.h the tu.be length aF 0 K Fig. 1. Tube length L dependence of
_(strong Io_callzatlon) while the resistance | ocistance R of a N-doped (10,0)-CNT with
increases linearly at 300 K. This means that chemical potential 0.50 eV when the charge
phonon scattering reduces phase coherence of neutral point of a pristine (10,0)-CNT is 0
electrons. This work is the first theoretical €V at nitrogen concentration 0.58 wt%.
report to investigate electronic transport in a nitrogen-doped CNT focusing on
disappearance of localization phenomena due to phonon scattering.
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