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Carbon films were deposited by an ion beam sputter deposition technique at room temperature. An electron-
bombardment ion source was employed. Si(111) or fused quartz plates were used as the substrates, and a graphite disk
was used as the target. The target and the substrate were located so that the ion beam sputtered the target and also
bombarded the substrate surface at a low angle. The properties of the deposited carbon films were influenced by the ion
species bombarding the film during growth: argon ion bombardment made the film hard, and hydrogen ion bombardment
made the film transparent, insulating, and uniform. Especially, simultaneous bombardment of argon and hydrogen ions
activated the growth of diamond crystal in the deposited amorphous carbon film. It was confirmed by electron diffraction
analysis that diamond particles were grown on the substrate held at room temperature. According to the incident angle of
the ion beam to the substrate surface, the deposited diamond particles took two types of crystalline form: cubic diamond
was grown at a very low angle, and hexagonal diamond was grown at a relatively high angle.

1. Introduction

It is well-known that cubic diamond is synthe-
sized by the catalyst-solvent method” and that
hexagonal diamond is synthesized by the shock-
quench method”. These diamond syntheses are
carried out under high temperature and high pres-
sure conditions so that diamond is thermodynami-
cally stable. It has been desired to synthesize
diamond under low temperature and low pressure
conditions.

Bundy and Kasper reported in 1967 that graphite
starts to transform into hexagonal diamond at
room temperature when well-crystallized graphite,
in which the c-axes of the crystallites are parallel to
each other, is compressed in the direction parallel
to the c-axes”. Their report suggests that hex-
agonal diamond can be synthesized under low-
temperature conditions.

On the other hand, diamond syntheses by chem-
ical vapor deposition (CVD) methods have been
progressing in this decade” ™. These can be re-
garded as syntheses under high temperature and
low pressure conditions, because the substrate
temperature is kept at several hundred degrees
centigrade and the deposition chamber is kept at
reduced pressure.

Based on the foregoing studies, we confirmed
that both cubic and hexagonal diamonds are syn-
thesized under low temperature and low pressure
conditions by an ion beam sputter deposition
technique® . In this paper, we consider hexagonal
diamond which is deeply related to non-thermal
equilibrium syntheses, and we report on diamond
and diamond-like carbon films deposited by this
technique.

2. Cubic and hexagonal diamonds

Diamond is constructed of carbon atoms cova-
lently bonded with four other carbon atoms. In
this case, all carbon atoms take the sp’ hybrid
orbital function (sp’C). Depending on the state of
the covalent bond, diamond takes the cubic or
hexagonal form.

Figure 1(a) shows configurations of graphite
(G), hexagonal diamond (hD) and cubic diamond
(cD). Figure 1(b) shows the states of the covalent
bonds in cD and hD. The difference between cD
and hD is, in short, that the bond of one sp3C and
another sp’C along the [111]cD direction, which
corresponds to the [0001]1hD direction, rotate 60°
with each other. The periodicity of hexagonal
diamond along [0001]hD is twice as large as that
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nucleation and growth of diamond. The nucleation
of diamond is attributed to the modulation of the
already deposited arrangement of carbon by the
argon ion bombardment. Argon and hydrogen
ions play physical and chemical roles in the activa-
tion, respectively. The deposited diamond particles
took two types of crystalline form: cubic diamond
and hexagonal diamond. Physical activation en-
hances the growth of hexagonal diamond, while
cubic diamond is grown where the chemical activa-
tion is dominant.
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