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Effect of an Al underlayer on the Growth of Carbon Manotubes and
Their Field Emission Characteristics
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Abstract

We studied the effect of an Al underlayer on the growth of carbon nanc:ubes (CNTs) and their
field emission characteristics. First of all, CNTs were grown on the Invar cata yst layers with different
thickness of 1 to 10 nm, showing that the CNT length was saturated for the :atalyst 5 nm or thicker.
The CNTs grown on the 5-nm-~thick catalyst were ~10 um long and ~30 nn in diameter. Second, an
Al underlayer was applied between the catalyst layer and the Ti diffusic1 barrier to reduce the
diameters of CNTs for better field emission properties by forming sphericii Al oxide particles on
which smaller catalyst nanoparticles would occur. The optimal thicknes: of an Al underlayer
underneath the 5-nm-thick catalyst was ~15 nm, producing the CNTs with th= length of ~15 um and
the diameter of ~15 nm. The field emission measurements, following the tap: activation, showed that
the thinner and longer CNTs gave rise to better field emission performance with the lower turn-on
and threshold electric fields.
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Fig. 10. Field emission current density-electric
field curves of CNTs grown at different
Ti layers which were heat- treated in
oxygen, Ar, or vacuum. All CNT
samples were grown on the catalyst 5
nm/Al 15 nm and were thinned out by
an adhesive tape before measurement.
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Table 1. Summary of field emission characteristics of as-grown and taped-:ff CNTs synthesized at

different Al underlayer conditions.

Average Average Turn-on | Tl.reshold Field
Samples length1 diameter” field® field® enhancement
(um) (nm) (V/pm) {/1m) factor, B

Sample (a) : As—grown ~ 10 ~ 30 4.1 ircing &19

catalyst 5 nm | Tape-off ~ 65 ~ 30 35 6.4 1,126

Sample (b) : As-grown ~ 9 ~ 15 41 st turated 851
catalyst 5 nm/

Al 10 nm Tape-off ~ 65 ~ 15 35 49 1,019

Sample (¢) © | Ag-grown | ~ 15 ~ 15 40 76 1,363
catalyst 5 nm/

Al 15 nm Tape-off ~ 55 ~ 15 2.8 4.2 1,450

1’2L63r1gths and diameters of CNTs were measured by

SEM and TEM, respecti ely.

*Turn-on and threshold fields are defined as the electric ficlds where the elect-on current densities of 1
pA/em? and 1 mA/cm? are produced, respectively.
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