CONTROLLED MICROSTRUCTURE DIAMOND FILMS—SYNTHESIS AND

SELECTED APPLICATIONS

K. V. RAVI, L. S. PLANO, M. PINNEO, M. PETERS, and S. YOKOTA

Crystallume 125 Constitution Drive, Menlo Park, California 94025, U.S.A.

In order to utilize CVD diamond films in the potentially large range of applications in a variety of commercial products,
an understanding of the processes that control the microstructure and chemical purity of these films is required. The
microstructures that are potentially available to be exploited in product applications range from amorphous films to
single crystal films. In between these two extremes are a wide range of polycrystalline structures which find use in specific
product applications. In this paper the synthesis of thin (<1 x#m), high quality polycrystalline diamond films is briefly
discussed. High quality films exhibiting controlled microstructures have been synthesized over large area (10 cm diameter)
substrates. The use of such films in X-ray optics, tribology, dielectric films in intergrated circuit processing and electronics
are discussed with examples of specific products and functional properties of the films.

1. Introduction

The ability to grow polycrystalline diamond
films utilizing plasma enhanced CVD techniques
has been generally proven. In order to derive the
benefits of thin diamond films in a variety of
industrial applications control of the structure of
the film is required. In analogy with other materials
of industrial significance such as structural mate-
rials like steel or aluminum and semiconductors
such as silicon, the physical properties of the
diamond films will be governed by their micro-
structure and the impurity content. Control of
microstructure in diamond film growth has been
found to be a function of a number of variables
including the characteristics of the hydrocarbon
plasma, the type of substrate, the temperature and
the methods of substrate preparation. The wide
range of potential applications of diamond films is
dependent upon the ability to tailor the structure
of these films to yield the desired microstructure.
In Fig. 1 is shown a relationship between the
structure of diamond films and some key potential
applications of the films as a function of the
microstructure. The films have been characterized
according to the microstructure, extending from
amorphous films, which are typically diamond-
like carbon films, to single crystal diamond films.

In between these two extremes a variety of poly-
crystalline structures are possible, which are ex-
pected to have unique characteristics that can be
exploited in specific applications. The technology
that is required to be developed involves the
creation of diamond films which exhibit a range of
microstructures and the attendant physical proper-
ties in order that the favorable properties of these
films can be successfully exploited for the manu-
facture of products. In this paper we discuss the
issues relating to the growth and selected applica-
tions of high-quality thin diamond films.

2. Nucleation of polycrystalline diamond films

A key uncertainty in the growth of diamond
films is the difficulty of nucleating diamond on a
variety of substrates. Typically, in order to pro-
mote nucleation, the substrate is abraded with
diamond or silicon carbide powder so as to provide
a high density of energetically favorable nucleation
sites on the substrate surface.'”” There are several
drawbacks to this approach. Abrasion damages
the substrate surface, since the objective of abra-
sion is to provide locally damaged regions on the
substrate to promote diamond film nucleation.
Whereas this approach to film nucleation may be
acceptable in those applications that are not
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