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Abstract

Synthetic diamond films have been envisioned for a wide variety of industrial applications
due to the superior properties of diamond. However, a breakthrough in the use of chemical
vapor deposited diamond in many of these applications has been limited by relatively high
production costs. At present, process optimization is mostly empirical, and little is known
about the chemistry controlling nucleation and growth. This thesis presents the development,
use, and characterization of a novel supersonic, direct-current hydrogen arcjet system for
diamond synthesis. This novel diamond growth method combines a number of significant
advantages, both from an economic and a scientific point of view. The economic merits
include high diamond growth rates, due to the high species fluxes, and excellent diamond
quality even at lower deposition temperatures. Much of this success can be attributed to the
copious amounts of atomic hydrogen that are generated in the hot arc discharge and
transported to the substrate in a near frozen flow plasma plume. From a scientific viewpoint,
the low-pressure supersonic plasma is a suitable environment to study diamond growth
chemistry for a number of reasons. The low pressures (down to 300 mTorr) and the
supersonic expansion (arcjet exit plane velocities in excess of 10 km/s) provide a well defined
gas phase environment (near frozen flow conditions) that enables us to optimize the type of
species incident on the diamond growth surface. More importantly, the transport properties
of this flow are such that the supersonic arcjet system is sensitive to surface reactions (not
species transport limited), making it ideal to study surface chemistry.

With this facility, high-quality diamond film synthesis from either methane or acetylene
source gases was demonstrated. A characterization of the supersonic arcjet process includes
diamond growth studies and the effect of deposition temperature. Results indicate that the
total diamond film thickness increases with increasing CyHy/H, flow ratios, but it appears that
the fractional composition of the diamond phase levels off, leading to greater fractions of
non-diamond content in the films for higher ratios. Efforts towards low-temperature
deposition resulted in the best diamond qualities reported for a pure C-H system at
temperatures of 400 - 500 °C. Chemical analysis of the diamond producing plasma is
provided by in-situ mass extraction through the substrate, emission spectroscopy, and UV-
absorption measurements of methyl radical densities. The diagnostics results provide very
strong evidence that acetylene is a likely growth monomer. Carbon transport efficiencies
amount to ~10% for acetylene and ~30% for methane, and respective qualitative diamond
growth efficiencies are Yo, =3.1x 10 and Yeu, =26x 10*. The results have allowed
speculations on the heterogeneous growth mechanisms for diamond synthesized from
methane and acetylene source gases, where common precursors (C,Hy or C,Hy) are taken to
be responsible for both diamond and non-diamond growth. A controlling step in both
mechanisms is the "transformation” of chemisorbed precursors to bulk diamond via reaction
with gas-phase atomic hydrogen. Temperature limits seem to be the decreasing active site
availability and increasing precursor coverage of the growth surface at lower temperatures,
and increasing precursor desorption at high temperatures.
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