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Nanocrystalline diamond (NCD) films consist of randomly oriented 

diamond crystallites interconnected by an amorphous carbon matrix. The 

properties of this structure are determined by the characteristics of the 

crystalline and non-crystalline carbon phases and the grain boundaries. 

Raman spectroscopy is a routinely used tool for the characterization of 

carbon based materials, including nanodiamond. It gives information on the 

bonding properties of the diamond crystallites and the intergrain structure 

including the amorphous carbon phase and the grain boundaries. By using 

different excitation energies the selective enhancement can be utilized to 

characterize particular structural units (being excited resonantly with the 

given excitation photon energy) in more detail [1,2].  

 
Fig.1. Evolution of the G peak position with nitrogen content in the Raman spectrum 

of nitrogen containing nanodiamond thin films recorded with different excitation energies. 

 

In this work multi-wavelength Raman spectroscopy was used to study 

the effect of nitrogen concentration of the feed gas on the structure of nitrogen 
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containing NCD films. Samples were prepared using microwave-enhanced 

chemical vapor deposition from precursor gas mixture containing methane, 

hydrogen and nitrogen with content of the latter ranging from 0% to 20%. 

Micro-Raman spectra were recorded with 244, 488 and 85 nm excitations. 

In general, Raman spectrum of NCD contains five peaks: the diamond 

Raman band around 1333 cm
-1

, the amorphous carbon D and G peaks 

(corresponding to breathing vibrations of six-fold sp
2
 rings and stretching 

vibrations of sp
2
 carbon atoms) around 1350 and 1580 cm

-1
 respectively, and 

the nanodiamond fingerprint bands around 1150 and 1450 cm
-1

, related to sp
2
 

carbon vibrations on the grain boundaries. 

Fig. 1 shows the evolution of the G peak position with nitrogen content 

for the different excitation energies. It is known that the incorporation of 

nitrogen promotes the graphitization of the diamond structure. This causes the 

shift of the G peak in the Raman spectrum to higher wavenumbers, and this 

can be seen in the spectra recorded with 488 and 785 nm excitations on Fig. 1. 

However, a completely different behavior was observed for 244 nm 

excitation, where the G peak has a U-shaped dependence on the nitrogen 

content: it decreases from 1597 cm
-1

 to 1576 cm
-1

 between 0-10% of nitrogen 

content, then increases to 1590 cm
-1

. This is caused by the contribution of 

different structural units to the Raman spectra excited with different 

wavenumbers and indicates the non-uniform incorporation of nitrogen atoms 

into the diamond structure. 
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