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Process development and field emission properties of carbon

nanocones and other nanostructures by MPCVD

Student: I-Ju Teng Advisors: Prof. Cheng-Tzu Kuo

Department of Materials Science and Engineering
National Chiao Tung University

Abstract

In this work, processes to synthesize carbon nanostructures of
various tube-like, cone- and fiber-shapes on Si wafer with excellent field
emission properties were successfully developed by microwave-plasma
chemical vapor deposition (MPCVD), using CH, and H, as source gases,
Co, Ni and Fe as catalysts: The possible growth mechanisms were proposed.
The catalysts were first deposited on St wafer by physical vapor deposition
(PVD), and then followed byt H-plasma pretreatment to obtain
well-distributed nanoparticles of catalysts. The pretreated specimens were
then deposited with nanostructures ih MPCVD system. The nanostructures
and their properties after each processing step were characterized by
scanning electron microscopy (SEM), transmission electron microscopy
(TEM), Raman spectroscopy, Auger electron spectroscopy (AES) and field
emission J-E measurements. The following conclusions can be drawn from
these studies.

In the present deposition conditions, the following nanostructures can
be obtained by manipulating the process parameters: (1) Si nanocones
(SNCs)-embedded carbon nanocones (CNCs), (2) carbon nanofibres
(CNFs)-ended CNCs with the embedded SNCs, (3) carbon nanotubes
(CNTs) et al. The results indicate that the first two nanostructures possess
excellent field emission properties with turn-on field strength ranging from
0.53 — 0.63 atl mA/cm’, and 0.18 — 0.56 V/um, respectively. Where the
current densities at 10 V/um are beyond the instrument capacity of 35
mA/cm®. As far as my knowledge, these are the best field emission
properties in the literature. Furthermore, the bonding between the



nanostructures and the substrate exhibits good adhesion, which can be
estimated from more than 10-time repeated J-E measurements without
being damaged.

Regarding effects of process parameters, the favor conditions to
synthesize the second nanostructures with the best field emission properties
are: a lower CH4/H, flow ratio (~ 1/100 sccm/sccm) and working pressure
(~ 9 Torr), deposition time around 10 min, a higher substrate bias (>- 320
V), and using Fe as catalyst. Under a higher negative substrate bias and by
progressively decreasing the CH4 concentration from 100%, the results
indicate that the deposited nanostructures can be changed from CNTs, then
SNCs -embedded CNCs, amorphous carbon (a-C) -coated SNCs, and
finally to become SNCs only with no carbon source. By progressively
prolonging the deposition time, it reveals that the nanostructures can be
varied from SNCs -embedded CNCs to become CNFs -ended CNCs with
the embedded SNCs. Effect of system pressure is basically to promote the
CNFs-ended CNCs formation.

On growth mechanisms_of various nanostructures, the cone shape of
the nanostructures is essentially resultedfrom a progressive reduction in
catalyst particle sizes under the-conditions of higher etching rate than
deposition rate on the catalyst surfaces, which may be partially due to a
reduction in the catalyst meltingstemperature by the presence of carbon in
the catalyst matrix. In other .words, the ratio between etching rate and
carbon deposition rate may determine the morphology development of the
nanostructures. A decrease in the ratio from a higher value can vary the
morphologies from SNCs, amorphous-C-coated SNCs, SNCs-embedded
CNCs, CNFs-ended and SNCs-embedded CNCs, and finally to CNTs
morphologies. The structure of the CNFs-ended CNCs is essentially a
branched structure. The possible reason may be due to a strong
bombardment of the positive species in the reaction atmosphere to perturb
the catalyst surface to become few loosely attached extrusions, which acts
as the catalyst to grow CNFs. In other words, the favor process conditions
to form a branched structure are the conditions which can perturb the
catalyst surface more easily, such as, near nano-sized catalysts in soft
deformable state. This mechanism is supported by the facts that a higher
reaction pressure may result in a slightly higher temperature and higher
species density to cause a greater perturbation on the catalyst surface to
promote formation of a branched structure; by comparing the catalyst
materials of Ni, Co and Fe, the results indicate that a branched structure is
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more often found in nanostructures with Fe as catalyst due to a much
smaller particle size after H-plasma pretreatment to reach the soft
deformable state more readily. This mechanism is also supported by the
fact that the CNFs are tip-growth structures with catalysts on the tips. The
CNC:s structures are supported by ED examination, where no SNCs signals
can be detected due to missing of SNCs structure from TEM preparation,
because of a strong bonding between SNCs with Si wafer.
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