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Effects of gas compositions and post treatment on
the catalyst-assisted growth and properties of
CNTs by ECR-CVD

Student: Shu-Hsing Lee Advisor: Dr. Cheng-Tzu Kuo

Institute of Materials Science and Engineering
National Chiao Tung University

ABSTRACT

Effects of gas compositions and post-treatment on the catalyst-assisted
growth of carbon nanostructures via ECR-CVD were investigated. The reactant
gases include CH, + H,, C;H,; + Ho,,CH, + CO, and CH4 + NHj;, respectively.
The catalysts are Co, Ni or.Fe. The post-treatments of the as-grown CNTs
include H-plasma, O-plasma and electroless Ni plating. The nanostructures and
their properties under various process conditions and parameters, including
substrate temperature, gas ratioideposition time, different plasma pretreatment
and post-treatments, were characterized by SEM, TEM, Raman spectroscopy
and field emission J-E measurements. The following conclusions can be drawn
from these studies.

Effect of H-plasma pretreatment is essentially to etch the film catalyst to
become the well-distributed nano-particles for CNTs growth. The results show
that the substrate temperature above ~ 600°C during pretreatment is required to
obtain the nano-particles with semi-spherical shape, which are favor for CNTs
growth.

As to the carbon gas source, the nanostructures are depending on the carbon
concentration in the gas mixture. A lower carbon concentration has a greater
tendency to grow CNTs but at a lower growth rate; and a higher one is more
favor to form rattan-like nanostructures with carbon sheets around the tubes. In
other words, at the same gas ratio, the tendency of C,H, to form the carbon
sheets around the tubes is higher than CH4due to two carbons in a molecule of
C,H,. Effects of CO, as a reactant gas are essentially to act as a carbon source
and to supply the oxygen to etch amorphous carbon preferentially. As a
consequence, the competition between carbon deposition rate and etching rate of
H-plasma or O-plasma determines the final nanostructures. Therefore, CH,4 has a
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higher concentration tolerance than C,H, to form CNTs without carbon sheets
around the tubes.

In addition to etching effect of H-plasma on amorphous carbon, hydrogen
can keep catalyst surface clean to prolong the CNTs growth. In other words, a
higher H concentration generally gives rise to a longer tube length, especially
for Co catalyst. Furthermore, due to etching effect of H-plasma, the growth
selectivity of CNTs on a substrate with catalyst pattern will be higher under a
higher H concentration.

Effect of ammonia gas is basically to supply nitrogen, which has a greater
tendency to form nitrides and a higher bombardment effect than hydrogen due to
a greater mass. Consequently, the tube number density and CNTs length are
generally smaller under CH4 + ammonia atmosphere. This may be in agreement
with greater poisoning effect of nitrogen due to nitride formation. The evidence
of nitride formation may be demonstrated by a tremendous decrease in system
current under ammonia atmosphere, where nitrides may cause an increase in
system electrical resistance. Similar conclusions can be applied to oxide
formation due to presence of CO,.

Regarding field emission«(FE) properties of the nanostructures, the results
indicate that FE propertiessunder the present conditions are generally poor.
However, FE properties of the'CNTs grown under CH, + ammonia atmosphere
are slightly better. It is found that the-€NTs grown under CH4 + CO, gas sources
can be much better by extending the deposition time to 30 min. Further study is
required to clarify the reasons.

Effect of H-plasma post-treatment on morphology of the as-grown CNTs
is essentially to preferentially etch the top parts of CNTs to become a shorter
cone-shaped CNTs after a long etching time. The H-plasma may also damage
the stems of CNTs at longer etching time. In contrast, effect of O-plasma is
basically to react with the carbon on the tube surface layer by layer. Therefore,
the tube diameter gradually decreases by prolonging O-plasma post-treatment.
Consequently, the aspect ratio of CNTs become higher after O-plasma treatment,
and inter-tube distance becomes larger to reduce the screening effect of field
emission.

After the electroless Ni plating post treatment, the results show that
morphologies of the as-grown Ni-assisted CNTs can be changed from the well
aligned tube arrays to agglomerated CNTs bundle arrays; and the FE properties
are improved.  Agglomeration of tubes seems to be due to chemical attraction
between Ni catalyst and Ni coating. Therefore, the tube agglomeration
phenomenon was not found for the Co-assisted CNTs after Ni plating.
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2% +
= 5 %

a-C 2t & B B¢ (Amorphous carbon)

B H-4v 5 F]+ (Field enhancement factor)

CNTs F % ¢ (Carbon nanotubes)

CVD it 53 4p /T ## (Chemical vapor deposition)

ECR-CVD T+ K JR 1Y BT 4p T ## (Electron cyclotron resonance

chemical vapor deposition)

E T (V/um)

Elocal ® 5Bk IREA(V/m)=PE

FED 3% &t kot % (Field emission display)

F-N Fowler-Nordheim(equation)

o 7 3 #ic(Work function)(eV)

J 3% 5+ % v % A (Current density) (A/cm?)
MWNTs 5 & #¢ 2 5F ¥ (Multi-walled carbon nanotubes)
OM & B kg pr 4 (Optical microscopy)

SEM #F 4 % & F B #céi(Scanning electron microscopy)
SIMS = =& 3+ B ¥ R (Secondary ion mass spectroscopy)
SWNTs H & mt 7 5t ¢ (Single-walled carbon nanotubes)

TEM 7 % 3\ 7§ 3 B 4 (Transmission electron microscopy )
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