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The Vertical Growth of CNTs by DC Bias-Assisted PECVD and Their Field
Emission Properties.
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Abstract

The vertically well-aligned carbon nanotubes(CNTs) were successfully grown on Ni coated silicon
wafer substrate by DC bias-assisted PECVD(Plasma Enhanced Chemical Vapor Deposition). As a
catalyst, Ni thin film of thickness ranging from 15~30nm was prepared by electron beam evaporator
method. In order to find the optimum growth condition, the type of gas mixture such as CoHy;-NH;
was systematically investigated by adjusting the gas mixing ratio at 570C under 0.4Torr. The
diameter of the grown CNTs was 40~200nm and the diameter of the CNTs increased with increasing
the Ni particles size. TEM images clearly showed carbon nanotubes to be multiwalled. The measured
turn-on field was 39V/xm and an emission current of 1.4X10™*A/cm® was 7V/pm. The CNTs grown
by bias-assisted PECVD was able to demonstrate high quality in terms of vertical alignment,
crystallization of graphite and the processing technique at low temperature of 570C and this can be

applied for the emitter tip of FEDs.
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Fig. 1. Schematic diagram of PECVD.
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Table 1. Typical deposition conditions.

parameter condition

Ni thin film thickness| 15, 20, 25, 30 nm

RF power 200 W
DC bias power 20 W
I':tlll())n ne(Cette - NG 100 = 200
working pressure 04 Torr
temperature 570 C
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Fig. 3. SEM images of Ni layer : (a) 15nm and (b)
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Fig. 4. SEM images of carbon nanotubes de-
pending on Ni layer thickness (a) 15nm,
(b) 20nm, {(c¢) 25nm and (d) 30nm.
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Fig. 5. SEM images of carbon nanotubes de-
pending on Ni layer thickness : (a) 15nm,
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Fig. 6. TEM images of carbon nanotubes by
different processes : (a) and (b) : 200W
of RF power (c) and (d) : 200W of RF
power and 20W of DC biased power.
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Fig. 7. Raman spectra of carbon nanotube (Ar
laser A=488nm).
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Fig. 8. Field emission property.
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