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Raman microspectroscopy is routinely used for characterizing carbons. Structural information can be 
obtained thanks to previous works by coupling with other techniques. The shape of the Raman spectra 
depends on the excitation wavelength and, from IR to near UV, is sensitive to the sp2 content of the 
material, the G and D band parameters being strongly dependent on their nanostructure. Raman 
analysis can give an estimation of how the material is disordered: sp2/sp3

 ratio, %H… can be estimated. 
We focus here on several Raman parameters: the G band wavenumber σG, the G and D band widths ΓG 

and ΓD together with their relative intensities R=HD/HG. We extend some properties known for 
nanocrystalline graphite to amorphous carbons, such as the Raman diffusion cross-section dependence 
with the excitation wavelength, and also some properties known for amorphous carbons to 
nanocrystalline graphite, such as the cluster size estimation (La) using various excitation wavelengths. 
We also give evidence for the importance of the electron-phonon coupling on the D band width of a 
large range of disordered carbons. 
 
To interpret Raman signals of a large variety of carbons (graphitic, nc-G, a-C:H, …) we have 
investigated carbonaceous samples from the plasma facing components of the Tore Supra tokamak 
(referred as TS samples), both the virgin C/C composite and the carbon deposits formed during plasma 
operation. Figure 1-a displays typical Raman spectra obtained for these samples with λL=514.5 nm. C/C 
samples are graphitic carbons. TS spectra are more heterogeneous: some are similar to a-C spectra 
with broad G and D bands while some either are similar to nc-G spectra with well separated G and D 
bands or look intermediate, between nc-G or a-C spectra. We have analyzed a great amount of data, 
focusing on relations between σG, ΓG and ΓD, and the D and G band relative intensity, R, and we have 
emphasized the similarity of nc-G and a-C properties revealed by the continuous clouds formed by 
Raman parameters, as shown for example for ΓG in figure 1.b. 
Data, recorded with λL=325.0, 514.5 and 785.0 nm, have been interpreted in the framework of laws 
linking Raman parameters together known from the literature. For nano-crystalline samples, these laws 
are the Tuinstra relation [1] and the λL dependence of R [2]. These studies have also shown that ΓG 
could be approximated for such materials by a linear law with R. For a-C data, we have used the 
relations proposed by Ferrari and Robertson [3,4] for R and ΓG for the green excitation wavelength. 
Then, we have assumed first, a similar fourth power λL dependency for a-C than for nc-G and second, 
continuity between nc-G and a-C at La = La0. With these simple assumptions, and defining the scaled 
intensity ratio Rλ = R × (514.5/λL)4, we succeed in fitting a-C data for the three λL used in this study. 
Figure 1.b displays experimental (points) and fitted (lines) Raman parameters in the (Rλ, ΓG) plot in the 
case of λL= 325 nm (blue) and 514.5 nm (green) data. The good fit obtained indicates that the λL 

dependency of R is shared by both a-C and nc-G.  
Nevertheless a lot of green data are still not reproduced using this modeling and we divide TS samples 
in three groups: pure nc-G, pure a-C, and intermediate samples, these latter samples being those not 
correctly described by the previous laws (grey lines of figure 1.b). We propose to interpret these spectra 
as the sum of two sets of bands: one nc-G set composed of three bands, G, D and D', and one a-C set 
composed of two bands, G and D. The ratio between these two sets of bands. This choice is supported 
by the spectral decomposition usually made in the literature [5, 7]. Our method thus consists in first 
building simulated spectra by adding these two sets of bands using realistic parameters (with the “s” 
exponent, meaning “simulation”) and second analyzing these simulated spectra with their raw Raman 
parameters exactly in the same way as the experimental spectra. The curve of figure 1.b at low ΓG (ΓG < 
80 cm-1), referred to as simulation S1, is obtained by only taking into account the nc-G set of bands. For 
larger ΓG, a deviation from the grey line appears which qualitatively reproduces the experimental trend. 
This origin of the deviation from a straight line is thus merely the apparent broadening of the G band 
due to the presence of the D' band. To reproduce the experimental trends at larger ΓG, introducing the 
a-C set of bands is needed, as shown with simulation S2. Finally, to correctly simulate spectra with ΓG > 
80 cm-1

 an additional broadening Γadds is needed for the G and D bands of nc-G, (simulation S3). 
 



Figure 2 displays ΓD versus ΓG (experimental and simulated data). Graphitic and pure nc-G, 
intermediate and a-C sample widths have been displayed for the green excitation wavelength. C/C data 
points are localized on the straight line corresponding to ΓD = 2 ΓG. All the TS data points are distributed 
around this straight line, S-shaped. According to [8] the natural broadening of the G band for graphene 
is proportional to <DΓ

2>F  which is called the electron-phonon coupling at the Γ point of the Brillouin zone 
(EPC, see [9]). These authors have also shown that < DΚ

2>F/< DΓ
2>F =2 where <DΚ

2>F  is the electron 
phonon coupling at the K point of the Brillouin zone. As the phonons at this K point are involved in the 
existence of the D band of disordered carbons this is an indication that electron-phonon coupling plays 
a similar role for all types of carbon. 
 

To conclude, we have shown that fundamental properties such as the λL dependency of the Raman 
cross-section and the electron-phonon induced broadening could be used to interpret nc-G as well as a-
C data, indicating common trends and a continuum of properties among these types of carbons. We 
thus get a consistent description of the Raman properties of both types of carbon. 
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Figure 1. Raman data corresponding to C/C and Tore Supra samples (green for λL = 514.5 nm, blue for 
λL = 325.0 nm). (a) Typical Raman spectra of C/C and TS samples. (b) Raman parameters compared to 
simulations. Simulation S1 is obtained with a pure nc-G component. Simulations S2 is obtained by 
adding to a nc-G component an a-C component with the introduction of an additional broadening for S3 
simulation. (c) is the same as (b) but in the (ΓG,ΓD) plot. 
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