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Figure 1. AFM images showing catalytic nanoparticles formed at different temperatures. (a) 700°C, (b) 750°C, (c)
800°C, and (d) 850°C. Insets are magnified images. SEM cross sectional images of vertically grown CNT
at different temperatures. (a) 700°C, (b) 750°C, (c) 800°C, and (d) 825°C. (i) Catalytic particle size versus
growth temperatures. Left inset is AFM image of CNT at 800°C and right is the corresponding height
profile. (j) CNT height versus growth temperature. (k) Raman spectra of vertical CNT on Cu foils at different

growth temperatures.
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Figure 2. Cross sectional SEM images show CNT height change with prolonged growth time. (a) 1 min, (b) 5 min,
(¢) 20 min, and (d) 60 min. (e) CNT height versus growth time under different growth temperatures of
725, 750, and 800°C. Inset is arrhenius plot used for estimation of an activation energy. (f) Raman spectra
of CNTs grown on Cu substrates with different growth time.
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Figure 4. (a)~(c) AFM images showing catalytic nanoparticles and (d) ~ (f) cross sectional SEM images of vertically
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Carbon nanotubes (CNT) have been attracted much attention since they have been expected
to be used in various areas by virtue of their outstanding physical, electrical, and chemical
properties. In order to make full use of their prominent electric conductivity in some areas
such as electron emission sources, device interconnects, and electrodes in energy storage
devices, direct growth of CNT with vertical alignment is definitely beneficial issue because
they can maintain mechanical stability and high conductivity at the interface between
substrates. Here, we report direct growth of vertically aligned CNT (VCNT) on Cu foils
using thermal chemical vapor deposition and characterize the field emission property of the
VCNT. The VCNT’s height was controlled by changing the growth temperature, growth
time, and catalytic layer thickness. Optimum growth condition was found to be 800°C for
20 min with acetylene and hydrogen mixtures on Fe catalytic layer of 1 nm thick. The
diameter of VCNT grown was smaller than that of usual multi walled CNT. Based on the
result of field emission characterization, we concluded that the VCNT on Cu foils can be
useful in various potential applications where high conductivity through the interface between

CNT and substrate is required.

Keywords : Carbon nanotube, Copper foil, Chemical vapor deposition, Conductivity, Field

emission
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