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Measuring the Electrical Conductivity of Carbon
Nanotubes Grown on Sodalime Glass Substrates
using Cu as Catalyst

A. MAHMOODI* AND M. GHORANNEVISS

Plasma Physics Research Center, Science and Research Branch, Islamic Azad
University, Tehran, Iran

We have studied the electrical resistance of carbon nanotubes (CNTs) grown on sodalime
glass using Cu as catalyst at 580°C temperature. The conductivity was measured at room
temperature using four point probe technique. The Cu catalyst was coated on glass
substrate by using dc magnetron sputtering system and etched by hydrogen (H;) gas in
order to form nanometer sized catalytic particles. Mixture of C,H,/H,/Ar (20:80:100
standard centimeter cubic per minutes) gases were heated at 580°C for growth of
CNTs on a glass substrate by using Thermal Chemical Vapor Deposition (TCVD). The
temperature dependence of sheet resistance and current-voltage characteristics of the
film were measured by a four point probes method. The morphology of the catalyst
surface was probed by Atomic Force Microscopy (AFM), and the growth behavior of
CNTs was investigated by scanning electron microscopy (SEM).

Keywords Carbon nanotube; four-point probe; low temperature

Introduction

Nanomaterials based on carbon nanotubes (CNTs) have been widely studied for various
applications due to their unique characteristics including small diameters, high electrical
conductivity, high surface area to volume ratio, and outstanding mechanical and thermal
properties [1,2]. The electrical properties of CNTs are of significant scientific interest and
are relevant for many proposed and realized applications [3-6]. One of the most attractive
applications of CNTs is an electron emitter for flat panel displays such as field emission
display (FED) [7]. Sodalime glass is commonly used as a low-cost substrate for the display
panel; it is highly desirable to grow CNTs directly on the sodalime glass substrate [8].
However, the glass substrates are covered by a thin film of a metal film (Ni, Fe, Cu) in order
to catalyze the CNTs growth and to avoid bare glass inhibiting the CNTs formation [9]. For
many years, copper has been used as a conventional material for interconnects of ultra-large
scale integrated circuits (ULSI), due to its excellent electrical conductivity. However, with
the feature size of interconnects in ULSI decreasing gradually to nanometer scale [10], it
becomes difficult for Cu to work for nano-interconnects due to the effects of electron surface
scattering and grain boundary scattering from Cu electrodes. CNTs can be considered as
an ideal candidate to play the role of “incorporating element” in composite interconnects,
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because of its one dimensional structure, as well as unique electrical, mechanical, and
thermal properties [11-16]. Therefore, we measured the electrical conductivity of Cu
catalyst coated on glass substrate before and after growth of CNTs.

Experimental

A sodalime glass substrate of 20 x 30 mm? was used. A thin film of copper was used as
a cathode electrode and was deposited on glass substrate by a cylindrical Dc magnetron
sputtering system. The apparatus consists of a glass cylinder vacuum chamber with a rotary
vacuum pump, an oil vapor diffusion pump and pressure gauge. This system consists of
two coaxial cylinders as cathode (inner one) and anode (outer one). The diameter of the
outer and the inner cylinders are 10 cm and 3 cm, respectively and the height of the inner
and the outer cylinders are 20 cm. The sputtering target mounted inside the glass chamber.
The deposition conditions were as follows: direct current Ar plasma, gas purity 99.995%,
discharge power of 120 W, Ar flow approximately 10 sccm and a sputtering time of 3 s.
The thickness of cu film is 30 nm, and It is deposition of cu film was performed under
1.1 x 1072 torr of Ar pressure at room temperature. The TCVD (Thermal Chemical Vapor
Deposition) set up in our experiment is an electric furnace composed of a horizontal quartz
glass tube with an internal diameter of 75 mm and a length of 1000 mm which was operated
in atmospheric pressure. Argon (Ar) Gas with a flow rate of 200 sccm was supplied into the
CVD (Chemical Vapor Deposition) reactor to prevent the oxidation of catalytic metal while
raising the temperature to 400°C. The sample was annealed under H, ambient at 580°C for
10 min. During the annealing process, cu film was found to break up into nanoparticles.
Subsequently, CNTs were grown on the catalyst at 580°C using a mixture of acetylene,
hydrogen, and Argon with a flow rate of 20 sccm, 80 sccm, and 100 sccm respectively for
30 min. After growth, the system was cooled down to room temperature at Ar atmosphere.
The electrical properties of thin films were examined by using a micro fabricated four-point
probe before and after growth of CNTs. The size and density distributions of cu catalyst was
investigate using atomic force microscopy (AFM). Scanning electron microscopy (SEM)
was used to characterized the morphologies and profiles of as- grown CNTs.

X: 1.0um
Z° Y: 1.0um
Z: 7.4nm

Figure 1. 2D (a) and 3D (b) AFM images of Cu nanoparticles coated on glass substrate.
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Figure 2. (a) SEM micrograph of CNTs grown on Cu/sodalime glass (20 x 30 mm?) at 580°C (b)
magnified top view of the CNTs.

Result and Discussion

Figure 1 shows the AFM image of copper which coated on glass substrate as a catalyst. The
image shows smooth surface with mean square (RMS) roughness of 5.19 A and average
roughness of 3.71 A which support the 2D and 3D image of AFM observations. The image
was loaded into J Micro Vision analysis tool (J Micro vision: Image Analysis Toolbox, www.
jmicrovision.com) for measuring the size and shape of the nanoparticles in the samples.
It is seen that the average size of Cu nanoparticles are 14 nm and mostly have spherical
shape. Figure 2(a) is the SEM micrograph of the sample and shows that the CNTs are grown
homogeneously on a large area of sodalime glass. Figure 2(b) is the high magnification of
grown CNTs. The measurement of electrical sheet resistance (Rs) uses Rs = (V/I) x CF,
where V is the measured DC voltage across the two voltage probes and / is the DC current
passing through the two current probes. The value of CF for samples of various sizes and
shapes can usually be found in a reference book. Figure 3 displays the /-V characteristics of
the surface of Cu/glass and the surface of Cnt/Cu/Glass measured at room temperature [RT].
The I-V curve at RT is strictly linear so that Ohm’s law is valid at low electrical field. The
measurement was performed at a pressure of about 1072 torr to minimize the influence of
atmospheric humidity and to prevent oxidation of surface when increasing the temperature

15
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Figure 3. Current-voltage characteristic of surfaces measured at room temperature (RT) (a)
Cu/Glass(V/I) (b)Cnt/Cu/Glass(V/I).



Downloaded by [Xian Jiactong University] at 13:22 11 December 2014

Electrical Conductivity of Carbon Nanotubes 89

000000 3000
*

2500000 2500 *
) g
3 00000 B 2000
§
£ 1500000 = 1500
T E >
3 1000000 3 1000
H 2 &

500000 500 *

+
1 b iy ' =
] 40 60 80 10 120 140 160
0 50 100 150 200

Annesling Tempratuse(®C) Annealing temprature (°C)

(a) (b)

Figure 4. The dependence of the electrical sheet resistance on the annealing temperature: (a) Cu/glass
(b) cnt/cu/glass.

to 150°C. The annealing temperature dependence of the electrical sheet resistance for as-
deposited CNTs/Cu/glass films and Cu/glass films are shown in Fig. 4. Figure 4(a) shows
that the electrical sheet resistance of Cu/glass film increases as the annealing temperature
increases which is similar to metallic surface and Fig. 4(b) shows that the sheet resistance
of the CNTs/Cu/glass film decreases with increasing temperature to 150°C which is typical
of semiconductors at this temperature range.

Conclusions

In summary, we have successfully grown CNTs on sodalime glass substrate, by using
thermal CVD. The CNTs were obtained at 580°C using Cu catalyst. The electrical sheet
resistance of cu/glass films increases, as the annealing temperature increases, the behavior
expected for metals. Our results reveal that the surface of CNTs/Cu/glass is semiconductor
due to the decrease of the sheet resistance with increasing temperature to 150°C.
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