UNCLASSIFIED

Defense Technical Informatipn Center
Compilation Part Notice

ADPO12146

[TTTLE: Synthesis of Vertically Aligned Carbon Nanofiber Films by RF
Magnetron Sputtering

[DISTRIBUTION: Approved for public release, distribution unlimited

This paper is part of the following report:

TTTLE: Materials Research Society Symposium Proceedings. Volume 675.
Nanotubes, Fullerenes, Nanostructured and Disordered Carbon. Symposium
[Held April 17-20, 2001, San Francisco, California, U.S.A.

To order the complete compilation report, use: ADA401251

The component part is provided here to allow users access to individually authored sections
ol proceedings, annals, symposia, etc. However, the component should be considered within
the context of the overall compilation report and not as a stand-alone technical report.

The following component part numbers comprise the compilation report:
ADP012133 thru ADP012173

UNCLASSIFIED




Mat. Res. Soc. Symp. Proc. Vol. 675 © 2001 Materials Research Society

Synthesis of Vertically Aligned Carbon Nanofiber Films by RF Magnetron Sputtering

K. -Y. Lee, K. Fujimoto, S. Ohkura, S. Honda, M. Katayama, T. Hirao,! and K. Oura
Department of Electronic Engineering, Faculty of Engineering, Osaka University,

2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

'Department of Electrical Engineering, Faculty of Engineering, Osaka University,

2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

ABSTRACT

The aligned carbon nanofibers were synthesized on Si substrates using RF magnetron
sputtering with a hot filament. The hot filament was made of tungsten wire and its
temperature was up to 2000°C during the deposition. Nitrogen was used as the sputter gas at
a relatively low pressure of 2x107 Torr. The sputtering deposition was carried out at a
substrate temperature of 700°C. The nanofibers were grown vertically on the substrates. The
diameters and the density of the fibers were about 30-45 nm and 10° cm™, respectively.

INTRODUCTION

Since the carbon nanotube was discovered [1], there have been many reports study on the
aligned carbon nanotubes [2-5]. For fundamental research and applications, the alignment of
carbon nanotube is important, especially in cold-cathode flat panel displays, vacuum
microelectronics, chargeable batteries, and so on [6-8]. In the application of the field
emission displays (FEDs), the alignment of the carbon nanotubes is of great important
because of the enhancement and uniformity of the field emission [9-11].

In this study, we report a novel method of formation of aligned carbon nanofibers on Ni/Si
substrates by RF magnetron sputtering with a hot filament. The carbon nanofibers grew with
high density and perpendicularly to the substrates.

EXPERIMENT

The aligned carbon nanofiber films were deposited by a hot-filament-assisted RF
magnetron sputtering system, as shown in figure 1. P-doped n-type Si(100) wafers were used
as substrates. The substrates were patterned with Ni films by electron beam evaporation.
Moreover, the patterned Ni deposited substrates were treated by dipping in a HF solution for
8 minutes, and then annealed at 700°C for one hour.
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Figure 1. Schematic diagram of RF magnetron sputtering system.

The target was a high-purity graphite (99.999%) with a 50-mm diameter. The base
pressure of the chamber was below 5.0x10”7 Torr evacuated by a turbo molecular pump.
Nitrogen was flowed into the chamber to create a plasma by applying a RF power of 100W at
a relatively low pressure of 2.0x107 Torr. The films were deposited at 700°C for 3 hours. The
hot filament, which was made of 99.95% tungsten with 0.3 mm of the diameter, was set
between the target and substrate. The distance between the substrate and target was 5 cm, and
the distance between the filament and substrate was 3 cm. 6 amperes of filament current was
applied and filament temperature was about 2000°C. The characterizations of the carbon
nanofiber films were investigated by scanning electron microscope (SEM), and X-ray
photoelectron spectroscopy (XPS). The electron field emission property of the film was
measured at a pressure about of 10® Torr. The distance between the cathode (sample) and the
anode was 200 1 m. The activation time for the measurement was 60 minutes.

RESULTS

The carbon nanofibers are perpendicular to the Ni/Si substrate surface and are uniform in
height. The diameters of the fibers range from 30-45 nm in diameter and about 370 nm in
length, respectively. The Ni particle is on the tip of each fiber. The density of the carbon
nanofibers is about 8.2x10° cm™.,

From XPS spectrum of the film (figure 2), the peaks of binding energy of Cls is
approximately 284.6 eV and N1s is approximately 400eV were observed. There are not any
tungsten peaks in the XPS spectrum.
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Figure 2. XPS spectrum of the film reveals the peaks of binding energy of Cls and Ns.

The current density-electric field (J-E) characteristic of this a-C film was obtained at a
pressure of 5.0x10 Torr. The J-E plot shows that the electrical field emission current reach
as high as 1.0x10™* A/cm? at about 15 V/ i m.
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Figure 3. The current density-electric field (J-E) characteristics of this a-C film.
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CONCLUSIONS

We have successfully synthesized the well-aligned carbon nanofibers on Ni/Si substrates by
RF magnetron sputtering system at temperature of 700°C. The diameter and length of the
fiber are about 30-45 nm and 370 nm, respectively. The density of the carbon nanofibers can

reach as high as 8.2x10° cm?,
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