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INTRODUCTION: Multi-functional coating of 

hydrogenated amorphous carbon (a-C:H) including 

diamond-like carbon (DLC) can be produced by 

various deposition techniques. Recent  advance of 

a-C:H film for medical devices succeeded in blood 

interfacing applications such as artificial heart 

valves, blood pumps, and stents. Further, a-C:H 
film has been studied to apply for a wide variety of 

biologically compatible materials as potential cell 

culture matrix for bio-medical applications. 

However, it has not been established to specify the 

characteristics of the a-C:H films and to optimize 

deposition method to guarantee those requested 

performance on biomedical applications [1-2]. 

Several recent attempts were made to modify the 

characteristics of a-C:H film coating by doping 

elements, such as silicon, nitrogen, and fluorine, 

into the films for each application [3-5]. In this 

study, we investigated relationship between 

nitrogen contents and cellular properties of a-C:H 

films in vitro. 

METHODS: Nitrogen containing of a-C:H (a-

C:H:N) film was deposited by radio frequency 

(r.f.) plasma chemical vapour deposition (CVD) 

method with mixture gas (CH4 + N2) at 30 Pa. The 

r.f. power and N2 flow rate was 100 W and 60 % of 

50 sccm, respectively. Surface composition of a-

C:H:N films was analyzed using X-ray 

photoelectron spectroscopy (XPS; JPS-9000MC, 

JEOL Ltd., Japan). Analysis of constituent bonds 

in a-C:H:N films against the carbon 1s signal was 

performed using non-monochromatized radiation 
(MgKα source, 10 mA, 10 kV) to acquire signals 

for the five constituent bonds of C-C, C-O, C=O, 

O=C-O and C-N. Additionally, the film structure 

was measured by Neutron Reflectometor 

“SHARAKU” (BL17) in MLF J-PARC. For the 

analysis of cell behaviour, NIH-3T3 cells were 

used to monitor cellular responses on a-C:H:N 

films which were deposited on polystyrene dish (φ 

35 mm). The cells were seeded on the a-C:H:N 

film surfaces and incubated at 37 °C in an 

atmosphere consisting of 5% CO2 and 95% air 

with a relative humidity of 100 %. The cells were 

cultured in the D-MEM/F-12 for 72 hours.  

RESULTS: a-C:H:N film coating was changed to 

hydrophilic side by nitrogen containing (C-N 

bond). Additionally, XPS analysis showed that 

C=O ratio increased at the film surface layer by 

nitrogen containing. The results of neutron 
reflectivity on the a-C:H:N film showed that the 

scattering length density of the a-C:H:N was 

different with the a-C:H, and we found that a layer 

with a large scattering length density was formed 

on the surface. As for cell behavior, the results 

indicated that the a-C:H:N film coating had a 

facilitatory effect on cell growth, compared with a-

C:H film. 

DISCUSSION & CONCLUSIONS: We here 

demonstrated that nitrogen content of the a-C:H:N 

film has potential to modify the film structure and 

surface conditions, leading to improve biological 

affinity such as compatibility for cell growth. The 

nitrogen containing enhanced cell growth on the a-

C:H films, and regulated the cell growth depend on 

the type of film structures. The nitrogen containing 

in a-C:H film induced the film density and 

controlled enhancement of cell migration. As a 

result, it has been demonstrated that addition of 

selective elements into a-C:H films is possible to 

advance of the characteristics of a-C:H film 

coating for biomedical applications. 
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