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Recently, carbon nanotubes (CNTs) are expected as promising materials for electron emitter compared with other materials, such as the diamond film or diamond-like carbon films, because they have suitably narrow structures to enhance the electron emission due to enhanced electric field.  Among various techniques, the plasma CVD is an attractive method to grow CNTs directly on the substrate, differently from dc arc discharge or laser ablation methods.  However, to grow CNTs, it is generally required to heat the substrate at high temperature, say 500°C or more.    

In this study, we aimed at investigating the possibility to grow the nano-structured carbon materials at room temperature.  Here, we studied the effect of catalytic Ni-C clusters to grow the CNTs using surface-wave plasma(SWP) CVD.  The effect of ion bombardment on synthesis of CNTs on the catalytic material-evaporated Si substrates has been studied using low-pressure SWP at room temperature.

Surface-wave plasma CVD device having 400 mm in diameter was used in the experiment. In the carbon film deposition, the launched microwave power was typically 750W and total gas pressure was 30～300 Pa, where He and CH4 gas mixture was used.  The Si substrates were placed on the substrate stage at 200mm below the quartz window and the deposition was carried out at room temperature.  A negative bias voltage was applied to the substrate stage.  With Ni-C nanoclusters as catalyst, we synthesized nano-structured carbon materials on the negatively biased Si substrates, after the pretreatment of substrates with Ar plasma irradiation.  FE-SEM images show that the textured structure with diameters of several tens nm are involved.  The film characteristics measured with TEM will be presented and discussed.
