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Extended contactsExtended contacts
Starting from microscopic ab initio calculations of a 
metal-CNT interface, we extract parameters for 
large-scale tight-binding transport calculations.

Result: for extended metal contacts, weak 
metal-CNT coupling, as found for Pd as 
contacting material, leads to longer effective 
contact regions and lower reflection at the 
contacts.

Dependence of contact reflection ρ
on contact length Lc and coupling
strength Δ.

N. Nemec, D. Tománek and G. Cuniberti,
Phys Rev. Lett. 96, 076802 (2006)

CNT junctionsCNT junctions 1 2

3 1 2

3

1 2

3

We have analyzed the conductance behavior of several three-
terminal CNT junctions. Around the Fermi energy, resonances 
in the LDOS are encountered, associated to bounded states.

Such localized states are 
pinned by the defects and 
interact with the continuum of
states, giving rise to Fano resonances.

The Fano-like characteristics are then observed in I-V curves; 
the big change in current for some of the junctions make them 
interesting for their use as circuit components.

M. del Valle, C. Tejedor and G. Cuniberti, Phys. Rev. B 71, 125306 (2005)

Gold nanotubes (AuNTs)Gold nanotubes (AuNTs)

Using an analytical model accounting only for
s-orbitals, we can reproduce exactly the results of
the numerical calculations, which show a slight decreasing trend in 
the conductance per atom row:

The transport properties of the recently experimentally observed helical gold 
nanotubes [Kondo, Takayanagi, Science 289, 606 (2000)] are investigated in 
order to understand the role of chirality and of the different orbitals in the 
conductance characteristics.

(4,3) AuNT

G=2
e2

h [2⋅Int  n2m2nm
3 1] M. del Valle, C. Tejedor and G. Cuniberti,
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Spin transportSpin transport

Transport is studied
through CNTs with
ferromagnetic contacts.
The oscillations predicted theoretically and later found 
experimentally (H.T. Man et al., cond-mat/0512505) can be 
explained as interference effects sensitive to the small energetic 
difference between spin channels.

Magnetization-dependent conductances and
GMR-ratio in 10 nm long (2,2)@(6,6) DWCNT
between ferromagnetic contacts

S. Krompiewski, R. Gutiérrez and G. Cuniberti, Phys. Rev. B 69, 155423 (2004)
S. Krompiewski, N. Nemec and G. Cuniberti, phys. stat. sol. (b) 243, 179 (2005)

Telescopic CNTsTelescopic CNTs
 A beat-like behavior of the transmission, caused

by standing 
waves in the 
overlapping 
region, is 
observed.

The results can be explained by minimal models of coupled 
linear chains and continuum waveguides. Challenge: zigzag 
and incommensurate DWCNT

Transmission through telescopic (5,5)@(10,10) CNT
in dependence of the overlap length L

Dana Darau, Diploma thesis (2005)

PhononsPhonons
We studied several existing force-
constant models for the mechanical 
behavior of graphene for their 
transferability to CNTs. Based on the 
results, we developed an improved 
12-parameter model which we fitted 
to graphene ab initio data and used 
to study the phonon dispersion of 
CNTs.

Janina Zimmermann, Diploma thesis (2006)

Thermal vibrationsThermal vibrations
A finite region of an infinite CNT is left to vibrate at a fixed 
temperature. Time-snapshots of the system are used for 
calculating the Landauer-conductance.

We find Anderson-
disorder-like 
suppression of 
transmission,   
mostly caused by  
few selected modes.

conductance through (4,4) CNT with thermally vibrating region
(length 4 nm) in frozen phonon approximation.
Inset: Anderson disordered CNT in TB approximation

Conductance
with selectively
excited modes:

Only certain
modes couple
to conductance
channels

Marieta Gheorghe et al.,
Euro. Phys. Lett. 71, 438 (2005)

Hofstadter butterfliesHofstadter butterflies  

Inspired by the fractal plot found by 
D. Hofstadter in 1976 for the spectrum 
of lattice electrons in a magnetic field, 
we compute the electronic spectrum of 
SWCNT, DWCNT and graphene ribbons 
in perpendicular magnetic fields and 
identify a number of physical effects. 
The interplay of different scaling 
behaviors can be explained by models. 
Low-field effects are presented.

N. Nemec and G. Cuniberti
submitted [cond-mat/0607096]

NanotubesNanotubes
• material of high technological relevance
• system allowing the experimental study  

of quantum effects
• many new experimental results open up 

interesting questions for fundamental 
research

Theoretical challengesTheoretical challenges
Large systems (>1000 Atoms)
• quasi-1D crystals
• different levels of precision:

- model Hamiltonian
- π-orbital TB
- DFT

• contact effects

MethodsMethods
• tight binding
• density functional theory
• Green functions (decimation)
• Landauer/Keldysh transport
• classical mechanical models

OutlookOutlook
• spin transport (SFB)
• superconductive transport
• DWCNTs & MWCNTs
• nonequilibrium phenomena
• electron-phonon coupling
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