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Abstract. We have studied the electrical contacts coupling effect on a left lead/central single-
walled carbon nanotubes(SWNTs)/right lead system by using the tight binding Green function
approach. It is showed that at strong coupling strength between electrical contact and central
SWNT, the system behaves as Fabry-Perot electron resonator, which can show distinct quantum
conductance oscillations and complicate background as the Fermi energy is driven far from the
charge neutrality energy point by the applied gate-voltage V

g
, the shape of conductance background

is dependent on the contacts coupling strength and the chirality of SWNT. For very weak contacts
coupling strength, the system presents well defined resonant peaks, which is the limit of the
quantum conductance oscillations.

1. INTRODUCTION

The behavior of traditional electronic devices can be
usually understood in terms of the classical diffusive
electron motion. However, as the size of a device
continuously decreases and becomes comparable
to the electron coherence length, the quantum
interference between electronic waves becomes
increasingly important, leading to dramatic changes
in the device properties. This classical-to-quantum
transition in the device behavior suggests the
possibility of using quantum coherence in the
nanometer-sized electronic elements [1-3]

.

Molecular electronic devices are promising
candidates of realizing such devices because the
electronic motion in them is inherently quantum
mechanical and can be modified by well defined
chemistry. One coherent electronic device is the
Fabry-Perot electron resonator based on individual
SWNT with near-perfect Ohmic contacts to
electrodes [4-6], in which the nanotube acts as a

coherent electron wave guide with a resonant cavity
formed between the two nanotube-electrode
interfaces.

2. RESULTS AND DISCUSSION

The geometrical structure under consideration is
composed of two leads (left and right) plus SWNT,
with all three parts being metallic SWNTs of the
same chirality, which can be described by a tight-
binding model with one�M electron per atom. The
tight-binding Hamiltonian of the system is written

as 
pp i ji j

H V a a c cJ

,
. ,


 � �
�� � �
 where the sum over

i,j is restricted to the nearest-neighbor site, and
V

pp
= 2.75 eV [7,8], Within this theory, the defect-
free nanotubes have complete electron-hole
symmetry with their Fermi levels at zero. The layers
of carbon atoms between left and right leads are
chosen to be 405 for armchair tubes and 470 for
zigzag tubes (the length of nanotube L = 100 nm).
For simplicity, On-site energies are set to zero, all
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nearest-neighbor hopping parameters are assumed
to be V

pp
 except those at contacts, which are taken
to be �V

pp
with 0< �<1  is the coupling coefficient.
Consequently, electrons will be scattered at the
contact and central SWNT interfaces. The scattering
will mix the 
-binding channel and the 
*-binding
channel, and quantum interference between two
channels will then take place.

The conductance G of the SWNT system can
be calculated by using the Landauer formula G =
(2e2/h)T, with T the transmission coefficient,
expressed as follows [7,8]: r a

L C R C
T Tr G G( )� � �

where r

C
G , a

C
G�1A5�C85�A5C1A454�1=4�14E1=354��A55=LB

functions of the SWNT, respectively, and �
L
, �

R
 are

the coupling of the SWNT to the left(right)lead. The
�A55=LB�6D=3C9>=�>6�C85�'+#(�31=�25�5G?;939C;H
written as G

C
(	) =(	-H

c
-�

L
-�

R
) -1, where

L LC L LC
h g hJ� � , 

L LC R LR
h g hJ� �  are the self-energy

terms due to the semi-infinite leads [7,9].
We have calculated the conductance of metallic

SWNT electron resonators with Landauer formalism
of different coupling strength at zero temperature
and zero bias. Since the transport property of
armchair SWNT system and zigzag SWNT system
are different, so we choose the armchair SWNT
(5,5)tube and the zigzag SWNT as representatives
of our calculation. First we calculated the
conductance of (5,5) and (9,0) tubes with ideal
electrical contacts(the coupling coefficient �= 1.0),
the obtained results are plotted in Fig. 1, since there
are two channels (
-binding and 
*-binding channel)
around the charge neutrality point, so the quantum
conductance is 2G

0
. As the energy is driven far away

from the charge neutrality point, new energy band

Fig. 1. Conductance G vs Fermi energy with ideal contacts � =1.0.

will enter the observation window and the quantum
conductance steps appear.

However, the actual electrical contacts are not
exact transparent, then the coupling coefficient
�<1.0, electron will be scattered at the interface
and thereby reduces the conductance, the system
behaves as fabry-Perot electron resonator. At
stronger coupling strength (we choose � = 0.80 for
representative), the calculated results can be seen
in Fig. 2a for the armchair type (5,5) SWNT resonator
and Fig. 2b for the zigzag type (9,0) SWNT resonator,
which illustrate several characteristics shared by
all metallic SWNTs resonators: all metallic SWNT
electron resonators can show the slow oscillations
except the zigzag ones and the slow oscillation
period is inversely proportional to Fermi energy E,
which is driven by the gate-voltage V

g
. Also all the

metallic SWNT electron resonators exhibit
pronounced fast oscillations with the maximum
conductance approaching 2G

0
. The fast conductance

oscillations period �E �0.018 eV for the length L =
100 nm have been obtained, coinciding very well to
the experimental data and the previous theoretical
prediction �E = (hV

F
)/(2L) � (1.68eV.nm)/L [1,2]. It

is the manifestation of electron scattering only at
the SWNT-electric contact interface and passing
through SWNT ballistically. The ratio of the slow
oscillation period to the fast one is independent of
the coupling strength between the SWNT and
electric contacts, but is relevant to the SWNT length
L. Since now neither disorder nor defect exist in the
central SWNT, the slow and fast conductance
oscillations can only be manifestations of the
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Fig. 2. Conductance G vs Fermi energy with coupling coefficient � = 0.80.

Fig. 3. Conductance G vs Fermi energy with coupling coefficient � = 0.40.

intrinsic quantum interference in the conducting
SWNTs.

The weaker the contacts coupling strength, the
stronger the electron interfacial scattering, the
quantum conductance will decrease as the coupling
strength decreases. As the Fermi energy is driven
far away from the charge neutrality point, the strong
contacts interfacial scattering will make the electron
have the probability hop to the higher energy subband
and result in the conductance decrease [1,2,6] as
the energy being far away from charge neutrality
point and show complicated background for armchair
system (as seen in Fig. 3a for �= 0.40). And the
zigzag system has relative simple result (see Fig.
3b with � = 0.40).

We also studied SWNT system with very weak
contacts coupling (�= 0.01 for representative), the
results can be seen in Fig. 4, it is found that the
SWNT system demonstrates well defined resonant
peaks, showing resonant transmission and it
behaves like a quantum dot which is the limit of
conductance oscillations.

3. CONCLUSION

In conclusion, our numerical calculations
demonstrate the quantum conductance of the
SWNTs system with different coupling strength
between electrical contacts. Our numerical
calculations demonstrate that at strong coupling
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Fig. 4.  Conductance G vs Fermi energy with  coupling coefficient � = 0.01.

strength between electrical contact and central
SWNT, the system behaves as Fabry-Perot electron
resonator, which can show distinct quantum
conductance oscillations. For very weak contacts
coupling strength, the system presents well defined
resonant peaks, which is the limit of the quantum
conductance oscillations.
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