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* Abstract

Ultrananoerystalline diamond/hydrogenated amorphous carbon composite (UNCD/a-C:H) films were prepared by using a coaxial arc plasma gun at different repetition rates of
arc discharge. The influence of the repetition rate on the growth were structurally studied. With an increase in the repetition rate from 1 to 5 Hz, the UNCD crystallite size.
increased from 1.9 to 2.6 nm. The sp?/(sp? + sp?) value estimated from the X-ray pho_toemnssaon spectra also increased, which might be attributed to the enlarged UNCD
crystallites. While the deposition by arc discharge occurs in pulsed process, the growth of UNCD crystallites takes place not independently but continuously.

1. Introduction

L ystalline di amorphous carbon compasite (UNCD/a-C:H) thin
films, wherein non-oriented UNCD l:rvstallrtes with diameters of approximately 5 nm were
embedded in an a-C:H matrix [1], have attracted considerable interest from the physical and
technological viewpoints, because of the following features; (a) some physical properties are
similar ta those of diamond and diamend-like carbon (DLC) due to sp? bonds; (b} a surface
morphology is extremely smooth, which is similar to that of DLC and opposite to that of a
polycrystalline diamond film; (c) they are thermally stable up to 550 °  C; (d) unigue optical and
electrical properties that might originate from a large number of grain boundaries (GBs) between
UNCD crystailites and between UNCD crystallites and an a-C:H matrix.
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2. Coaxial arc plasma deposition (CAPD)

UNCD/a-C:H films have mostly been fabricated by chemical vapor deposition (CVD), we have
succeeded in fabricating them by coaxial arc plasma deposition (CAPD) wherein a coaxial arc
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3. Aim

In this study, we prepared UNCD/a-C:H films using a coaxial arc plasma gun at different repetition
rates of arc discharges, and on the basis of the structural evaluation results, the influences of the
repetition rate on the film formation is discussed

4. Experimental
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6. Result and Discussion
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The experimental results that the UNCD crystallite growth is influenced by the repetition rate
indicates that the UNCD crystallite growth keeps an activated state in interval periods between
pulsed depesitions caused by arc discharge. At a low repetition rate such as 1 Hz, the activated
state must be lowered by a long interval time between arc discharges. Thus, the UNCD crystallite
growth must be suppressed. On the other hand, at a high repetition rate such as 20 Hz, the UNCD
erystallite growth after the nucleation might not afford to be progressed due to a short interval
time {for example 50 ms for 20 Hz). In addition, a deposition amount of 1.33 nm/discharge
corresponds to a huge effective deposition rate. This situation might also impede the crystallite
growth after the nucleation.

8. Conclusion

We i gated the infl of a repetition rate of arc disch on the growth of UNCD/a-C:H
films. The UNCD crystallite size has a large value at 5 and 10 Hz. At smaller repetition rates, the
UNCD crystallite growth including the nucleation might be inactivated due to a long interval time
between arc discharges. On the other hand, at a higher repetition rate, the growth that
successively occurs after the nucleation might be suppressed due to a short interval time and huge
effective deposition rate.
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