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1. Introduction

Carbon nanotube (CNT) is the ussful dement for
the future nano devices such as a CNT FET,
biologicd sensorswith high sengtivity, etc. For these
goplications, the determination of the energy gap
(Eg) Of CNT is quite important because Eg,
influences the device peformances An Eg, of
semi-conducting nanotube is so far, mainly meesured
using a photo-luminescence (PL). In this measuring
method, however, it is necessary to set CNT isolated
from the subgtrate. Therefore, PL technology cannot
be gpplied to the CNT devices for the measurement
of the Eg, in which CNT directly contects on the
substrate. Another method to determine the Egg, isto
measure a diameter of CNT by aomic force
microscope (AFM). The diameter of CNT isdirectly
related to the Eg, by the smple formétion. In the
present paper, we have established new gpproach for
the determination of the Eg, of individuad CNT by
measuring the temperature dependence of the CNT
current from room temperature to 900°C.

2. Experiments

The sample for the messurement of Eg, wes
prepared asfollows, Al,Os was used asthe subdtrate.
The layered dectrodes of Ti / Pt and catdyst of Mo/
Fe were paterned on the subdrate using the
photo-lithography and lift-off process. The CNT was
grown between two dectrodes by the thermd
chemical vapor deposition using bubbled ethanol and
hydrogen. After the growth of CNT, the sample was
then, set in an dectric furnace, and two dectrodes
were connected to the bias source as shown in Fig.1.
The furnace is heat up from room temperature to
900°C in Ar gas @mosphere. DC bias of 100 mV
was gpplied between two dectrodes and the CNT
current was monitored.
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3. Resultsand Discussons

During the heat-up process, the CNT current darts to
increese dradticaly around 700°C. The CNT current in
logarithm scde is dmogt linearly proportiond to the
inverse of the temperature as shown in Fg.2. Thisis
owing to dectrons directly excited by the thermd
energy from the vaence band to the conduction band.
The Eg, was then obtained from the dope of the CNT
current in Fg.2, and it was found to be Eg, = 0.57 eV.
After the messurement of CNT current, the diameter of
CNT was confirmed by aomic force microscope
(AFM) and shown in Fig.3. The diameter of the CNT
isd = 141 nm. Therefore, the energy band gap of the
CNT can be cdculated from the CNT diameter usng
the sSmplerdation, Eg, =2 gy ../ d ™, where gy isthe
CC tignt-binding ovelgp enegy, a. the
nearet-neighbour C-C digtance (0.142nm) and d isthe
diameter. ¢y and a. are the congtant, and Eg, was
celculated to be Eg, = 0.563 €V which dmost coincide
with that obtained from the temperature dependence.
Fg. 4 shows the comparison of mesasured data from
the temperature dependence of the current with the
cdculated one from the CNT diameter The Eg,
obtained from the temperature dependence of CNT
current and from the diameter are wdl coincided.
Therefore, it was confirmed thet the Egg, of CNT cen
be determined from the temperature dependence of
CNT current.

4. Condluson

We have succeeded in edablishing the new
technology to determine the energy gep of individud
carbon nanotube.
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Cpimd

Fig. 1. Schematic diagram for the messurement of
CNT current & high temperature. The sample was set
in an dectric furnece and two dectrodes ae
connected to bias source.
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Fig. 3. (& Scanning eectron microscope image of
£.0x 10" messurement sample. The white lines ae CNTs
Pt between eectrodes. (b) The AFM image in souare area
: of SEM image () The line profile on the CNT and
§6-0x10 1 AlL,O; surface. The diameter of thisCNT is1.41nm.
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Fig. 2. Dependence of CNT current on inverse of 5 061
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Fig. 4. . The dependence of energy gap of CNT on
diameter. The cross points shows the measured
vaues. The solid line shows the cdculated one

from Egy =2 &/ dwithgy =27 eV.
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