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1. Introduction

Carbon nanotubes (CNTS)[1] are promising for future
high performance electronics such as field effect transistors
(FET) owing to their various unique properties[2][3]. Much
has been done to achieve high performance p-type nanotube
FETs but progress on n-FETs has been slow[3]. Various
experimental and theoretical works have been done to
investigate contact properties between different metal
electrodes such as Ti, Al and Pd and CNTSs[4]. Recent
experiment shows that Scandium (Sc) can make a good
performance contact with CNT to fabricate n-FETS[8]. In
this paper, for the first time, we explore Sc and
semiconducting CNT contact properties using first principle

calculation.

2. Physical Model and Computational Methods

To demonstrate our calculation, we first calculate Pd
and CNT contact (Pd-CNT) which has been studied by Zhu
et al.[5]. Then we will calculate Scandium and CNT contact
(Sc-CNT).

(8,0) single-wall CNTs(SWCNT) is used for both
metal-CNT systems. The configuration of Pd-CNT is shown
in Fig.1(a) and 1(b). The CNT is covered by Pd atoms
[5].The whole system includes 160 C atoms and 32 Pd
atoms. In Sc-CNT shown in Fig.1(c), the Sc (110) surface is
chosen as the electrodes which end-contacted with a (8,0)
single-wall CNT. The whole system includes 160 C atoms
and 88 Sc atoms.

The structural optimization and the corresponding total
energy calculations are performed by using VASP[9].
Plane-wave cutoffs from the PW91-GGA[10] ultrasoft-
pseudopotential[11] are used for Pd, C and Sc. The
optimized atomic geometries are obtained until all the forces
are smaller than 0.03eV/A. The Monkhorst-Pack[12]

method is employed for Brillouin zone sampling.

3. Results and Discussion

The relaxed structures of metal-CNT contact systems
are shown in Fig.1. The diameter of the optimized CNT is
6.28A, which is consistent with Ref.[5] of 6.37A. Fig.1(a)
and 1(b) show the views of relaxed structures of Pd-covered
(8,0) CNT along and perpendicular to the nanotube axis.
Note that in Fig.1(c), interactions between Sc electrodes
and the CNT are quite strong, resulting in the large
distortion of the CNT at the interface of the contacts.

Fig.2 shows the self-consistent electrostatic potential
distribution for metal-CNT contact systems. The Fermi
level is about -2eV and 3.1eV in Pd-CNT and Sc-CNT,
respectively. Contours shaded gray indicate that the
electrostatic potential is lower than Fermi level. Contiguous
gray areas extending from the CNT to Pd and Sc indicate
that there is no electrostatic potential barrier between the
CNT and metals for conduction electrons near the Fermi
level in the region of contact.

Now we consider the possible formation of a Schottky
barrier. A p-type Schottky barrier is defined as the energy
difference between the Fermi level of the metal and the top
of the valence band of the semiconductor. To align the
energy levels, we follow the method of potential profile
lineup[13]. In this approach, a C atom is chosen far away
from the metal as the reference. The reference C atoms for
the two systems are indicated by arrows in Fig.1(a) and
1(c).

Fig3.(b) and 3(c) show the local density of states
(LDOS) of the reference C atoms for the two structures,
respectively, in which the energy levels are aligned with the
ideal (8,0)CNT. It can be seen that the Schottky barrier of
Pd-covered CNT system is about 0.34eV, which is in
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agreement with the experimental measurement of about
0.4eV[6]. The p-type Schottky barrier between Sc and
(8,0)CNT is about 0.45eV. Note that the Fermi level of Sc is
closer to the bottom of the conduction band of CNT,
indicating that the Sc end-contacted with CNT system may
form an n-type CNT-FETS[8].

Fig.1 Views of relaxed structures of Pd-covered (8,0) CNT(a)
along and (b) perpendicular to the nanotube axis are shown. In(c),
the view of relaxed structure of Sc end-contacted with (8,0)CNT is

shown.

Fig.2 Self-consistent electrostatic potential distribution for Fig.1(a)
and (b)Pd-covered (8,0) CNT system along two representative
cross sections and (c)Sc end-contacted (8,0) CNT along the CNT
axis, indicated by the dashed lines in Fig.1(a), (b) and (c).

4. Conclusion

We have studied the contact between Pd and (8,0)CNT,

and Sc and (8,0)CNT. The p-type Schottky barrier of
Pd-covered CNT system is 0.34eV, which is close to the
experimental value of 0.4eV. The p-type Schottky barrier
for end-contacting between Sc and (8,0)CNT is about
0.45eV. The Fermi level of Sc is close to bottom of the
conduction band of CNT which may be responsible for
forming n-type CNT-FETSs.
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Fig.3 (a) Density of states of an ideal (8,0) CNT and Local density
of states of the reference C atoms for (b)Pd-covered CNT and
(c)Sc-contacted CNT. The area between the dash lines is the band
gap of the ideal (8,0)CNT. The solid line shown in (b) and (c) is
the Fermi level for the two systems, respectively.
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