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To study the phase breaking scattering events in single-wall carbon nanotubes (SWNTs),
ropes of SWNTs are intentionally damaged by AI+ ion-milling. Due to this treatment, the
average distance an electron can travel before being elastically scattered is reduced to about
10nm. This significantly increases the probability of one-dimensional localization and allows
us to obtain the phase coherence length (La) in ropes of SWNTs as a function of temperature.
We find that Nyquist scattering (70 - Y2j3) as well as another dephasing mechanism with
a % w T-’ dependence are involved in limiting the phase coherent transport. We also
investigate the scattering of hot electrons in the system. The results support the statement
that two different scat,tering mechanisms dominate the phase coherence length for different
rope samples.

Extensive studies of the electrical transport in single-
and multi-wall carbon nanotubes  (SWNTs and MWNTs)
have deepened our insight into the electrical properties
of one-dimensional metallic and semiconducting systems.
The main impact of the reduced dimensionality on elec-
trical transport is the decrease in the phase space avail-
able for different kinds of scattering events. In the case
of metallic nanotubes it has been shown for example that
the scatt,ering of electrons with acoustic phonons follows
a - T dependence [1,2]  instead of a - T5 power law as
expected for three-dimensional metallic structures in the
Griinrisen regime.

While it is possible to investigate momentum changing
scattering processes in a standard transport experiment,
not every scattering event can be detected in this way. In
particular, there are phase breaking mechanisms limiting
the phase coherence length Lm, such as Thouless scat-
tering, which do not cause backscattering of the current
carrying electrons and therefore cannot be measured in
such an experiment. A common way to obtain informa-
tion about Le in two- and three-dimensional samples is
to evaluate the magnetoresistance in a transport experi-
ment. This approach was successfully used for MWNTs
by different groups [3-61 and the analysis of the data
clearly showed the two-dimensional character of electron
motion in these systems. However, in one-dimensional
systems such as SWNTs,  no magnetic field dependence
of resistance is expected, unless the fields are extremely
high such that the dispersion relation of the sample is sig-
nificantly changed, [7] or the tubes are used as building
blocks for more complicated geometries, e. g. a ring geom-
etry. [S] Because of this lack of a direct process for mea-
suring La, little is known about phase coherent transport
in SWNTs.

This paper examines the nature of the major phase
breaking scattering mechanisms in single wall nanotubes

and the dependence of La on temperature. In order to
perform a phase sensitive measurement, a rope of SWNTs
is intentionally damaged by Ar+ ion bombardment at an
energy of 500eV. Simulations [9] suggest that this treat-
ment would reduce the elastic mean free path LO from
several micrometers [lo] to Lo = 8 - 1Onm due to the
creation of carbon vacancies, which are known [11,12]
to act as strong scatterers in SWNTs. Because of the
drastically increased probability for backscattering, elec-
trons would tend to strongly localize within the damaged
metallic tubes. Due to their band-gap, semiconducting
tubes play a minor role in transport. Localization leads
to an exponential increase of sample resistance with de-
creasing temperature according to [13,14]:

&+!L& (cxp(gJ -1) (1)
where A4 is the number of one-dimensional modes, which
is 2 in the present case and L is the voltage probe separa-
tion provided that the entire rope is uniformly damaged.
In contrast to the case of an undamaged sample, the lo-
calization length M. Lo is smaller than La, which means
that strong localization dominates the transport. Since
the phase coherence length itself generally shows a strong
dependence on temperature, while none of the other pa-
rameters in equation (1) do, measurement of R&) pro-
vides a powerful tool to study Lm(T).

We have prepared in total 13 nanotube rope sam-
ples in the following way. The ropes were dispersed in
dichloroethane using mild sonication, followed by several
stages of centrifugation. The purified nanotube ropes
were dispersed on an oxidized silicon substrate and gold
electrodes were subsequently fabricated on top of the
ropes. The key feature of our experiment is the sput-
tering of the rope before deposition of the electrodes as
described above. Only the areas underneath the contacts
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