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Neutron reflectometry analysis of nitrogen-containing DLC film structure
for cell compatibility
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1.  Introduction

Diamond-like carbon (DLC) is form of materials that structurally amorphous in nature with sp? and sp® bonded carbon and
hydrogen atom ['1. Additionally, DLC film has been well-known as biocompatible coating on medical applications, the knowledge of
surface properties of DLC film include the interest in terms of biocompatibility and the structural analysis of the film that causes the
enhancement to the properties of DLC film ). In our previous work, it was observed that the nitrogen-containing DLC film enhanced
cell adhesion. However, the relationship between the surface functionality with the nitrogen-containing and the cell affinity has not
been cleared yet. Biological response on DLC films are influenced by surface conditions associated with film structure. Therefore, it
is important to obtain information on the hydrogen content over a depth profile of the DLC film. Neutron reflectometry is a
nondestructive analytical technique with high sensitivity to light elements such as hydrogen. The objective of this research is to evaluate
the structure of nitrogen-containing DLC film by neutron reflectometry method for cell compatibilities.
2.  Experimental

Nitrogen-containing DLC films were deposited on Si substrate (@: 2 inch, thickness: 5 mm) by using 13.56 MHz RF plasma
discharge (RF CVD) at 100 W. The film was deposited by using a mixture of CHs and N2 gas (N2 flow rate: 0, 40, 60 %) as the source
gases at 30 Pa of gas pressure. The film thickness was kept around 100 nm. As for the neutron reflectometry measurement, polarized
neutron reflectometer, “Sharaku” (J-PARC MLF High-Intensity Proton Accelerator Facility, BL17) was used to analyze the nitrogen-
containing DLC at depth direction. For investigation of cell affinity of the nitrogen-containing DLC film, NIH-3T3 cells were used for
cell proliferation on the DLC films. The cells were prepared in D-MEM solution (0.5%10° cell/cm?) and incubated at 37 °C on the
nitrogen-containing DLC film surface in an atmosphere for 3 days (air: 95 %, COz2: 5 %, humidity: 100 %).
3. Results and Discussion

Figure 1 shows SLD depth profile of nitrogen-containing DLC
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Additionally, from the observation of cell affinity on the DLC
films, the cell proliferation on the DLC films was inhibited and
enhanced with increasing of nitrogen-containing in the DLC films of
40% and 60% flow rate respectively. The cell proliferation of the DLC films was influenced with nitrogen content. As a result, the
surface layer of the DLC film was also affected, and it was observed that the nitrogen containing of the DLC film showed high influence
to the cell proliferation with hydrogen content.

4.  Conclusion

The nitrogen-containing DLC film was deposited on Si substrates by RF CVD technique with mixture of CH4 and N2 gas (N2
flow rate: 0, 40, 60 %). During the film deposition, hydrogen was replaced with nitrogen and modified the surface layer of the DLC
film for cell proliferation. The results indicated that the nitrogen containing effected on hydrogen containing and cell proliferation of
the DLC film.
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Fig. 1 SLD depth profile of nitrogen-containing DLC
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