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Abstract

Vertical and horizontal oriented carbon
nanotubes were synthesized by MPCVD and



ECRCVD, respectively. The deposited
nano-structures were characterized by SEM,
TEM, XRD, Raman spectroscopy, AES and
[-V measurements.

The catalytic growth of vertical
oriented multi-walled carbon nanotubes
(MWCNTs) was deposited on Si substrates
with and without interfacial layer, by
microwave  plasma  chemical  vapor
deposition (MPCVD) with CH4/H, (=
10/100 sccm) as the source gases, SiO; and
Ti as different buffer layer, and Co as
catalyst for growth of  CNTs.
Vertically-grown, dense MWCNTs attached
to a catalytic film reveal that many
MWCNTs penetrated the root particles. The
diameter of root particles, in the order of
100 nm, is larger than the tube diameters of
10 ~ 15 nm. Base-root growth and tip-root
growth are proposed as part of a new CNTs
growth model. The interaction between
catalytic film and the supporting interfacial
layer is suggested as determining whether
the catalytic particles are driven up or
pinned down on the substrate during the
growth.

Vertical oriented Bamboo CNTs were
synthesized by MPCVD with CH4/N;
(=10/100 sccm) as the source gases. Results
of show Co catalyst and Si substrate were
interacted for the formation of CoSi,.

The horizontal oriented multi-walled
carbon nanotubes were synthesized on
4-inch Si wafers by electron cyclotron
resonance  chemical vapor deposition
(ECRCVD) method with CH4/ H, (= 15/15
sccm) as the source gases. The Co catalyst
for CNTs growth was applied on Si wafer by
physical vapor deposition (PVD) method,
and followed by hydrogen plasma etching
treatment for 15 min to become
well-distributed nano-sized catalysts. To
produce the horizontal oriented CNTs, a Ti
foil about specimen size and ~ 2 mm in
thickness was placed 1 ~ 2 mm on top of the
specimen to guide the source gases to flow
parallel to the specimen surface. A heater
was provided in the specimen holder to
maintain the deposition temperature. The
deposition conditions for the CNTs growth

were: microwave power 800 W, -200 V
substrate bias, CH4/ H, ratio = 15/15 sccm,
deposition times 5 ~ 15 min, and deposition
temperature 600°C. The results show that
the vertical and horizontal CNTs can be
obtained by manipulating the electric field
of the substrate and flow direction of the
source gases. The horizontal oriented CNTs
show better field emission properties than
the vertical oriented CNTs, because of the
blocking effect of catalysts at the tips and
hiding of defect emission from the body of
the vertical CNTs. For horizontal oriented
CNTs, turn-on electric field (Ewm-on) defined
at J = 1 mA/um equal to 2 V/um, J > 40
mA/cm® (at 10 V/um); for vertical CNTs,
Ewmeon =3 V/um, J =30 ~ 35 mA/cm” (at 10
V/um). This is due to the fact that the field
emission of the vertical oriented CNTs is
more greatly restricted by the catalysts at the
tips and the defect emission from the body
of CNTs is effectively hided, in contrast to
field emission from the body instead of tips
for the horizontal oriented CNTs.
Keywords: Carbon nanotube ~ Electron field
emission ~ Plasma.
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