
































































































































Growth Rate Summary

Enhancement only observed at
lowest setting when catalyst is
‘aged’

New catalyst showed negative
effect due to water addition

Additional discoveries:

— Quality of precursor gas (Ethylene)
has strong impact on growth
* 99.9% vs 99.999% matters!

— Continuous purging of CVD reactor
enhances growth significantly

— Aging of catalyst has significant
impact

From other studies

— Enhancement of growth rate may
be observed when “base case”
growth is poor (e.g. < 1 um/min)

— Enhancement may only be
noticeable at long times when
growth curve ‘saturates’ (e.qg.
catalyst deactivation)
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» Growth rate increases with sample aging over several days
 Optimum aging appears to be around 2 days
» Effect levels out or decreases at longer times



Aging Effect on Catalyst

Thickness of Surface Carbon
layer increases over time

— Water may remove surface
carbon build-up

Diffusion of Oxygen into
sample from ambient is
apparent from increasing
extent of O in Al layer

— May enhance catalysis

Formation of Alumino-Silicate

Layer at Al/Si interface is

observed after several days
— In some cases, this may be

observed sooner, depending
on preparation

Increase in O concentration
within Al layer may lead to
formation of Al oxide at long
time
— Appears to correlate with
reduced growth rate
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Summary

e Summarized advancements in CNT growth

— Control of catalyst particles allows for control of growth densities
and diameter distributions

— Electric field application during growth enhances growth rate,
density and induces alignment

— Efficiency of catalyst increases with aging

— Some enhancement in growth rate and CNT quality observed
with addition of small amounts of water during the growth
process

e Some applications

— Thermal Interface Materials

— Electron Sources/Field Emitters

— Many more than can be discussed here...
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