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The study of the electroless NiP deposition on silicon and the

application for the growth of carbon nanofibers
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ABSTRACT
The deposition behavior; deposition mechanism, deposition rate and
crystalinity of the electrolessNiP with 10.7 - 20.3 at P deposited on Si
substrate are studied using transmission electron microscope (TEM), field
emission scanning electron microscope (FESEM), atom force microscope
AFM and energy dispersive X-ray spectrum (EDS). The carbon
nanofibers CNFs were grown on an electroless NiP catalyst with 20.3 at
P deposited on Si substrate in a microwave heating chemical vapor
deposition MHCVD system. The growth morphology, graphite structure
and field emission properties of the NiP catayzed-CNFs have been
studied.

Combining cross-sectional and surface observations show that the



reaction mechanism of electroless NiP on S is an electrochemical
mechanism and the deposits are composed of a columnar structure grown
aong the vertical direction of the substrate surface. The phosphorus
content does not have influence on the deposition behavior but affects the
crystallinity of the deposits. The as-deposited NiP with 10.7 at% P
consists of Ni nanocrystal about 3~8 nm distributed randomly in the
deposits and the activation energy is 16.66 Kcal mole™. The deposition
rates for the deposits with 10.7 at% P plated at 65,70,80 and 90 are
5.62, 7.09, 15.37 and 26.02 wm/hr, respectively. The size of nanocrystal
in the deposits with 15.2 at% P'is about 2~5 nm and the activation energy
of the deposit is 18.99 Kcal ‘mole”. The deposition rates for the deposits
with 15.2 at% P plated at 65,70,80 and 90  are 2.56, 4.97, 10.37 and
18.72 um/hr, respectively. The deposit with 20.3 at% P has a smaller
order range under 1.5 nm and the activation energy of the deposit is 22.13
Kcal mole™. The grain size of the deposit decreases as its phosphorus
content increases. The deposition rates for the deposits with 20.3 at% P
plated at 65,70,80 and 90 are 1.37, 1.84, 5.08 and 12.49 um/hr,
respectively.

The CNFs catalyzed by the electroless NiP is not vertically aligned

v



but randomly tangled. There are many bubble voids at the inside of CNFs.
The growth rate of the CNFs decreases and the diameter of the CNFs
increases as the thickness of the NiP catalyst film increases. The
observations of Raman and HRTEM reveal that CNFs have a multiwalled
structure and are composed of parallel graphite planes with defects tilted
from their axis. Field emisson measurement indicates that the NiP
catalyzed-CNFs have excellent field emission properties. It is showed that
there is a strong correlation between the diameter, growth rate and field
emission properties of the CNFs and the thickness of the electroless NiP

catalyst film.
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