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Abstract

Diamond-like carbon (DLC) which has high content of sp® bonding is called a
tetrahedral amorphous carbon (ta-C). It is well known that a tetrahedral amorphous
carbon can be synthesized by filtered cathodic arc carbon plasma.  However,
diamond-like carbon film has highly electrical resistivity and in order to apply them in
some semiconductor applications it is necessary to have the resistivity decreased. To
decrease the electrical resistivity, a technique to dope certain metallic elements into
the carbon matrix structure was developed. This type of film was termed as metal-
containing (or doped) diamond-like carbon (Me-DLC, Me:a-C:H and ta-C:Me).
Some of the metals used as dopants to increase the electrical conductivity were W,
Mo, Cr, and Ti.

In this work, Mo-containing tetrahedral amorphous carbon were synthesized
by dual filtered cathodic vacuum arc with selective pulsed bias voltage (ion-species-

selective bias). Here, the negative pulsed bias was only applied to the substrate when



Vi

the carbon plasma was present, to remove sputtering effect during deposition with
metal ions. The aim was to deposit ta-C:Mo films whose conductivity is controlled
by the applied substrate bias voltage. The sheet resistivity was measured to studies
the electrical properties of ta-C:Mo films. These experimental found that the
electrical resistivity of ta-C:Mo films decreases quickly when the ratio of Mo/C
pulses is relatively insignificantly increased from 1/20 to 1/15. The distribution of
Mo in ta-C:Mo film was confirmed by the Ruther backscattering spectroscopy
technique. The visible Raman spectroscopy was used to investigate the structure of
amorphous carbon films. One may conclude that it is not the amount of Mo that
determines the conductivity but rather the changes in the structure of the carbon film
that was observed by the visible Raman spectroscopy. The results from the Raman
spectroscopy show that the electrical resistivity decrease can be attributed to an
increase in sp” bonding content and the sp” cluster size.

The design and construction of a dual cathodic arc deposition system were
under taken at the Fast Neutron Research Facility in Chiang Mai. The filtered
cathodic arc was characterized with the use of a graphite cathode. The cathodic arc
source was operated in pulsed mode with a 10-section, 0.7 Q, pulse forming network
(PFN) providing arc current exceeding 200 A which depends on the charging voltage.
The arc pulsed current and pulse duration were measured by a homemade current
transformer, to be 572 A with about -500 V charging voltage corresponding to the
pulse duration of about 120 ps. The pulse repetition rate was controlled by a PIC
program via computer control.

Finally, this work proposed the method to synthesize the metal-doped
diamond-like carbon film with reduced electrical resistivity using dual filtered
cathodic arc plasma sources using substrate bias, to control ions energy, and thus

avoiding the problem of carbon sputtering from metal ion
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