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Abstract

This study investigated the growth characteristics of carbon nanotubes (CNTs) by changing a
period of annealing time and a C:Hx/H: flow ratio at temperature as low as 450 C with inductively
coupled plasma chemical vapor deposition. The 1-nm-thick Fe-Ni-Co alloy thin film served as a
catalyst layer for the growth of CNTs, which was thermally evaporated on the 15-nm-thick Al
underlayer deposited on the 50-nm-thick Ti diffusion barrier. The annealing at low temperature of 450
C brought about almost no granulation of the catalyst laver, and the CNT growth was not affected by
a period of annealing time. A study of changing the flow rate of CoH: and H2 showed that as the ratio
of the CoHo flow rate to the Ho flow rate was lowered, the CNTs were grown to be longer. With
further decreasing the flow ratio, the length of CNTs reached the maximum and then became shorter.
Under the optimized gas flow rates, we successfully synthesized CNTs with a uniform length over a

4-inch Si wafer at 450 T.
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Fig. 1. Cross-sectional SEM images of CNTs
grown at 450 T with different periods
of annealing time for (a) 1, (b) 3, (c) 5,
(d) 7, and (e) 10 min.
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Fig. 2. AFM topographic images of the 1-nm-
thick Invar catalyst layers annealed at
450 T for (a) 0 (as-deposited), (b) 1,
(c) 5, and (d) 10 min.

k3 1. ojd g Alzlel] w2 FujFe] FHAAY
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Table 1. Root-mean-square surface roughness of
the catalyst layers annealed for different
periods of time, measured with a
contact-mode AFM.

Anneahr.xg time 0 1 E 10
(min)

Roughness, Rme 166 | 155 | 152 | 152
(nm)
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Fig. 3. Cross-sectional SEM images of CNTs
grown with different Ho flow rates of (a)
50, (b) 100, (c) 150, and (d) 200 scem for
the constant C:Hy flow rate of 10 scem.
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Fig. 4. Length of CNTs as a function of H»
flow rates for the constant C:H: flow
rate of 10 scem.
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Fig. 5. Cross-sectional SEM images of CNTs
grown with different CoHz flow rates of
3, 5, 7, 10, 15, 20, and 30 scem for the
constant Ha flow rate of 150 sccm.
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Fig. 6. Length of CNTs as a function of CoH2
flow rates for the constant Hy flow rate
of 150 scem.
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Fig. 7. CNT length as a function of C:Hz/H:
ratio for the variation of either H: or
C:Ha.
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Fig. 8. Length of CNTs as a function of a
period of growth time for the C:H: flow
rates of 5 and 10 sccm.
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(a) A photograph and (b) a SEM image
of CNTs grown on the 4-inch Si
wafer with Ho (150 scem) and CoHo (5
scem) at 450 T.
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