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Structural and Field—emissive Properties of Carbon Nanotubes
Produced by ICP-CVD: Effects of Substrate—-Biasing

AR MR S A GO R NSO
(C. K. Park-J. P. Kim-S. J. Yun - J. S. Park)

Abstract - Carbon nanotubes (CNTs) are grown on Ni catalysts employing an inductively-coupled plasma chemical
vapor deposition (ICP-CVD) method. The structural and field-emissive properties of the CNTs grown are characterized
in terms of the substrate-bias applied. Characterization using the various techniques, such as field-emission scanning
electron microscopy (FESEM), high-resolution transmission electron microscopy (HRTEM), Auger spectroscopy (AES),
and Raman spectroscopy, shows that the structural properties of the CNTs, including their physical dimensions and
crystal qualities, as well as the nature of vertical growth, are strongly dependent upon the application of substrate bias
during CNT growth. It is for the first time observed that the prevailing growth mechanism of CNTs, which is either due
to tip-driven growth or based-on-catalyst growth, may be influenced by substrate biasing. It is also seen that negatively
substrate-biasing would promote the vertical-alignment of the CNTs grown, compared to positively substrate-biasing.
However, the CNTs grown under the positively-biased condition display a higher electron-emission capability than those
grown under the negatively-biased condition or without any bias applied.

Key Words : Carbon nanotubes (CNTSs), Substrate-bias effect, Nanostructure, Field-emissive property,
Inductively~coupled plasma vapor deposition (ICP-CVD).
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Fig. 1 Process flowchart of CNT-based field emitter device.
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Fig. 2 Picture of CNT-based field emitter device.
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Fig. 3 The FESEM cross-sectional images and the variation
of diameter pictured from the nanotubes, as a
function of the various bias conditions.
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Fig. 4 The AES spectra of the CNTs grown under (a)

=550V, (b) OV, and (c) 300V.
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Fig. 5 The HRTEM images of CNTs formed with the bias
voltage of (a) -550V and (c) 300V. The magnification
of the HRTEM micrographs of CNTs grown (b) and
(d), respectively.
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Fig. 7 The current density (J)-electric field (E) characteristics
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the Fowler-Nordheim (F-N) plots.
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