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Introduction


The relationship of diamond film quality to growth rate is a critical issue for the chemical vapor deposition of diamond. Many applications for diamond are not feasible because current process growth diamond to slowly, of too poor quality that are too costly. Addressing and finding solutions to this issue will be critical if diamond is to find wide application in the market place.

The rate of the growth of heteroepitaxial diamond film is depend on the hetero-nucleation of diamond. On silicon substrate the intrinsic diamond nucleation density is only 104 cm-2  and special pretreatments are required to increase this density.

Many methods have been researched in order to enhance diamond nucleation such as scratching, biasing, various deposition conditions and so on. In this paper we try to use electric current to treat the substrate’s surface after chemical treatments. The electric current treatment allows us to affirm that the substrate’s surface is very clean and non-reconstructed. The nucleation density on Si (100) pretreated by electric current reaches a high value of 1010 cm-2.

Experimental 


Diamond films were deposited from the gaseous mixture of hydrogen and methane in a Hot-filament CVD apparatus. The substrates Si (100) were clean by ethanol, acetone, tricloroethane, nitric acid, HF, and de-ionized water before being put into the chamber. In chamber Electric current treated the substrate, which is used to grow diamond film. The filament temperature and the substrate temperature were controlled around at 20000C and 9000C and were measured by optical parameter and themocouple,  respectively. The processing pressure was maintained at 30 Torr. The nucleation and growth of diamond films carried out using 1 % methane concentration. Scanning electronic microscopy (SEM), Raman and X-ray photoelectron spectroscopy (XPS) were used to characterize the diamond film.

Results and discussions 

Fig. 1 shows the XPS of Si substrate with and without electric current treatment. Without electric current treatment the XPS shows peak of oxygen 1S at 533 eV very clear but in the XPS of substrate that was treated by electric current there wasn’t peak at that position that means the substrate’s surface is very clean and non-recontructed.

Fig. 2 shows the SEM photograph of diamond nucleation for 20 min deposition time. From the SEM photograph we see the nucleation density is very high, approximately 1012 cm-2, that means high nucleation density can be gained on the substrate treated by electric current
. 

The Raman spectrum of the growth of the diamond film after 1 h at 1% methane concentration is presented in Fig. 3. The diamond peak is located at 1332 cm-1. However from XPS of the growth of the diamond film (not shows here) shows that diamond grows on Si substrate through silicon carbide.
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Fig. 1  XPS of Si substrate with and without electric current treatment.
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Fig. 2. Photograph of SEM of diamond nuclei on silicon for 20 min.
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Fig. 3. Raman spectra of diamond film on silicon

Conclusion

The nucleation process of diamond film on silicon substrate in Hot-filament CVD has been studied. Compare with silicon substrate without electric current treating, the nucleation density of diamond is increased significantly on the silicon substrate with electric current treating.
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