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INTRODUCTION:  Diamond-like carbon (DLC) films 
have attracted much attention because of their excellent 
mechanical properties. However, the properties strongly 
depend on the microstructure of the films which is varied 
by the deposition conditions and methods. Recently, DLC 
or carbon films are categorized from type I to VI, which 
includes graphite-like carbon (GLC) and polymer-like 
carbon (PLC). 
The thermal stability of the films is of importance for 
practical applications. However, the thermal stability is 
not always enough at high temperature. It is considered 
that the degradation of the properties should be caused by 
the changes of the microstructure at high temperature. 
The structural changes may be related to hydrogen (H) 
desorption and the creation of defects at high temperature. 
Many studies have been carried out on the thermal stabil-
ity of DLC films. However, the principal phenomena, 
such as defect behavior, are not always clear. Therefore, 
to make clear the behavior of defects is necessary for 
every type of DLC films (type I to VI) because of differ-
ent microstructure and hydrogen content. The positron 
annihilation spectroscopy (PAS) is one of the useful 
methods to clarify the defect behavior of materials. The 
aim of this study is to examine the relationship between 
the thermal stability and the behavior of defects in several 
types of DLC films by PAS measurement. 
It is known that the thermal stability of DLC films may 
be improved by the incorporation of Si element into the 
amorphous network of the films (Si-DLC). However, the 
reason is not always clear. In this study, Si-DLC and 
Si-PLC films are prepared and annealed up to 800oC, and 
the samples are examined by PAS measurement. 

EXPERIMENTS:  Si-DLC and Si-PLC films were 
deposited on Si (100) substrates by bipolar-type plasma- 
based ion implantation and deposition (PBII) system. A 
mixture of trimethylsilane (TMS) and acetylene gases 
was used. Negative pulse voltage (Vn) was changed from 
-0.4 to -5 kV to change the structure from polymer-like to
diamond-like in the films. The details on the PBII system
were reported elsewhere [1].
Samples were annealed at 400oC and 800oC in vacuum
by an infrared image furnace. In the PAS measurement,
the S-parameter was obtained at different positron ener-
gies ranging from 0 to 30 keV. The S-parameters of sin-
gle crystal diamond, Si wafer and highly oriented pyro-
lytic graphite (HOPG) were also measured as a reference.

RESULTS:  Figure 1 shows the change in S-parameter 
obtained from the PAS spectra of the samples prepared at 

different Vn (a), and the samples after annealed (b). The 
sample of -0.4kV is categorized to Si-PLC and the others 
of -2.6 and -5kV are categorized to Si-DLC. The Si and 
H concentration was decreased with increasing Vn. The 
S-parameters of the references, diamond, Si and HOPG
were ~0.48, ~0.51 and ~0.47, respectively. It is clearly
seen in the Fig.1 that the S-parameters of ~0.51 at higher
energies correspond to Si substrates. The S-parameters of
the films should correspond to the low energy portion at
least less than 5keV. The S-parameters of Si-PLC reaches
~0.53 which is higher than that of Si wafer. With in-
creasing Vn, the parameters decrease to ~49, possibly due
to densification by ion bombardment. Further increase of
Vn may cause the increase of defects in the films so that
the S-parameter slightly increases to ~0.5. On the other
hand, thermal annealing causes the S-parameters decrease
to ~0.51 in the sample of Si-PLC. It was noted that the
S-parameter of PLC was like that of DLC and decreased
from ~0.49 to ~0.475 after annealed at 800oC (not
shown). These results suggest that Si incorporation may
promote to increase porosity in the films and prevent
structural changes due to H release by ion bombardment
at high Vn or thermal annealing at high temperature.
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Fig.1. The change in S-parameter of samples at (a) dif-
ferent negative pulse voltage and (b) different annealing 
temperature. 
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