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Abstract: This paper presents a comparison of the rotational and vibrational temperatures 
obtained by processing integrated and respectively local emission spectra of a RF nitrogen 
generated plasma jet with cylindrical symmetry. It shows the utility of using Abel inverted 
spectra when detailed information is necessary, while for obtaining indicative values of tem-
peratures integral spectra can be used as well. 
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1. Introduction 

Expanding radiofrequency jets at low or atmospheric 
pressure are plasma sources widely used for material 
synthesis, as carbon nitrides [1] or carbon nanostructures 
[2], or for surface modification [3]. The knowledge of 
local plasma properties is important to understand the 
growth or modification mechanisms. Optical emission 
spectroscopy technique provides information on the emit-
ting species as atoms, molecular species, radicals formed 
due to precursor decomposition and/or chemical reactions 
between the plasma species [4]. Still, in primary meas-
urements the recorded data are related to an integrated 
spatial region of the plasma extended along the line of 
sight determined by the light collecting optics (lenses, 
fibers). The reasoning on plasma processes based on the 
direct use of primary data is difficult in case of highly 
non-homogeneous plasmas. For such plasmas it is desir-
able to deconvolute the integrated data in local data.  

In particular in axi-symmetric plasmas, like laser cre-
ated plasmas [5] or expanding plasma jets [6], the plasma 
homogeneity is poor both in the radial and axial directions. 
Therefore, for precise and correct interpretation of the 
spectral data specific procedures must be considered for 
obtaining the local emissivity from the integrated, primary 
measurements. Such procedures have been previously 
developed for various situations and are known as inverse 
Abel transforms for plasmas presenting a radial symme-
try. 

The present contribution deals with the determination 
of the local rotational and vibrational temperatures in a 
low pressure expanding RF plasma generated in nitrogen. 
In the attempt to estimate the importance of errors while 
using integral data instead of local data for temperatures 
determination it is provided a comparison of rotational 
and vibrational temperatures obtained by direct fitting of 
the integral “line of sight” emission spectra, and respec-
tively of temperatures obtained by fitting the local emis-
sion spectra.  

 

2. Experimental 
 
2.1 Plasma source 
A double chamber RF (13.56 MHz) plasma system [7] 

working in nitrogen (flow 1100 sccm, RF power 250W) 
was used in the study. The discharge generated in a closed 
small interelectrodic space (discharge chamber) fed with 
nitrogen expands through a hole (nozzle) in the low pres-
sure chamber (a stainless steel cylinder of 0.2 m internal 
diameter and 1.2 m length), as a plasma beam. The ex-
pansion takes place along the chamber axis. The gas ex-
citation is mainly localized in the interelectrodic space but 
is not restricted here; plasma sheaths may be visible also 
on the internal walls of the low pressure chamber which is 
grounded. The visual examination showed that the geo-
metric aspect ratio (diameter over length) of the low 
pressure jet is strongly dependent on pressure, power and 
mass flow rate. In particular, at high mass flow rates 
(1000-2000 sccm), high pressure (over 1 mbar) and far 
from nozzle (distance over 4 cm), the jet has almost cy-
lindrical shape with a sudden radial border towards the 
background gas, because these conditions favor high 
plasma velocity in expansion with dominance of convec-
tion over diffusion and extinction of the luminous sheaths 
on the chamber wall. The measurements were realized in 
such conditions which insure that the collected light 
originates from the jet and the non-homogeneities are 
large. 

An image of the plasma jet as is seen in the first part of 
expansion is presented in Figure 1. 

Figure 1. Image of the plasma jet in the early expansion 
( 1500 sccm, 250 W, 2.5 mbar) 



 
2.2. OES measurement geometry 
The experimental setup used for optical emission spec-

troscopy measurements is presented in Figure 2. The light 
emitted by plasma is collected using an optical system 
composed of a f = 65mm positive fused silica lens, a 15 
mm optical diaphragm and a 600µm optical fiber OF, all 
mounted axially in a black metallic tube. The dimension 
of the optical diaphragm is a compromise between the 
field of depth of the light collecting lens and the optical 
signal intensity. Placing the lens at a distance of 18 cm 
from the plasma jet axis, the optical system collects the 
integral optical emission from a chord of around 1.5 mm 
diameter. Optical scanning was performed by moving the 
collecting light system in the Ox direction, with a 1.25mm 
step, for a fixed position (z = 8 cm) from the plasma 
source nozzle, by means of a 2D translation stage. Each 
recorded spectrum contains the integral emission of the 
axisymmetric plasma along a chord, as shown in Figure 2.  

The collected light was analyzed by using a Bruker 
spectrograph of 500mm focal length, 1200 mm-1 grating 
and a 25µm entrance slit. The spectrograph is equipped 
with a CCD camera (Andor Idus DV420A) which allowed 
a good signal noise ratio in the recorded spectra. 

The integrated plasma emission was recorded in the 
spectral range 345-381 nm corresponding to the emission 
of sequences ∆v= -1 and ∆v= -2 of the Second Positive 
Spectral System of nitrogen (SPS, transitions C3Π-B3Π ).   

 
3. Data processing 
3.1 Abel inversion 
When an axisymmetric radiation source is observed in 

the lateral direction, the measured spectral radiance I(x) 
represents the path integral (integral signal) of the plasma 
emissivity ε(r) (local signal) along the chord delimited by 
the optical axis of the imaging optical system (Figure 2). 
If the source (the plasma jet in our case) is assumed to be 
cylindrically symmetric and optically thin, then the lateral 
observed signal can be written as: 
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where y0 is the coordinate of the plasma edge for every x 
value where plasma scanning is performed . Using the 
Abel’s transformation, this equation can be transformed to 
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where R represents the plasma slice radius and I’(x) is 

the derivative of the integral signal I(x). By Abel inver-
sion (2), the integral observed signal I(x) is transformed 
into the radial profile of plasma emission coefficient 
(plasma emissivity, ε(r)). Several methods were devel-
oped for performing the Abel inversion (deconvolution); a 
short review of them is presented in [8]. 

In our case the data processing is facilitated by the ob-
servation that the integral emission intensity distribution 
in the RF plasma jet section presents a Gaussian shape 
along the Ox direction for each wavelength. This is ex-
emplified in Figure 3, for the transition 0-0 at 337.1 nm. 
Such distributions are described by the dependencies: 

 
 
 
 
 
 
where w and A are the Gaussian width and area, respec-

tively.  
This allows an analytical solution for the Abel inversion, 

Figure 2. Sketch of the OES measurements geometry 
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Figure 3. Lateral distribution of intensity 
and the corresponding Gaussian fit 



given as [9]: 

 
which provides values for the local plasma emissivity 

as being the original gaussian function corrected with the 
well known erf function. 

 Integral spectra were recorded along lateral direction. 
Every integral spectrum (namely I(λ,xi), with λ the wave-
length and xi the horizontal scanning positions) consists 
of 1024 points separated by 0.04 nm, each point corre-
sponding to a consecutive wavelength. At each wave-
length the integral profile is processed by Abel inversion 
(as described above) and the radial (local) dependence at 
the respective wavelength is obtained. Finally, the local 
emitted spectra (each corresponding to a small volume 
placed at the distance r from centre) ελ(r) are recon-
structed. 

 
3.2 The simulation procedure and temperature calcula-

tions 
The rotational and vibrational temperatures were ob-

tained by simulation of the as recorded and Abel inverted 
spectra. The simulation was performed for the spectral 
sequence ∆v = -2 of the SPS of nitrogen (wavelength in-
terval 360-381 nm. The molecular rotational and vibra-
tional constants were taken from [10] and the 
Franck-Condon coefficients from [11]. A description of 
the simulation procedure is given in [12]. 

 
4. Results and Discussion 
 
Figure 4 presents an integral spectrum recorded from 

the chord passing at  x = 8.75 mm from the plasma jet 
center and the local emissivity spectrum corresponding to 
the position r = 8.75 mm obtained by Abel inversion cal-
culations. They have been shifted and multiplied to have 

comparable sizes. Even though the differences between 
the two spectra are not strong, they lead to different val-
ues of temperatures, as shown below. However at x values 
around zero (not shown here) no notable differences are 
observed for the integral and Abel inverted spectra. This 
shows that the contribution of the emission from the cen-
tral plasma zone is dominant in these conditions. 

Both integral spectra and inverted spectra were simu-
lated and the rotational and vibrational temperatures were 
obtained from the fitting procedure. An example of the 
fitting result of a local spectra deconvoluted for r=0, for 
plasma generated at 1100 sccm N2 mass flow , pressure 
2.5 mbar and 250W RF power, is presented in Figure 5. 
  In Figure 6 are shown the dependences of the rotational 

temperatures obtained from the simulation of local and 
integrated spectra upon the radius r and on the position x, 
respectively.  

  Similar, in Figure 7 are shown the dependencies upon 
the radius r and upon the position x of the vibrational 
temperatures obtained from the simulation of local and 
integrated spectra, respectively.  

The fitting of spectra is possible even for integral spec-
tra recorded from non-homogeneous plasmas because, 
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Figure 5. Simulation of local emissivity spectrum ελ(r=0); 
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Figure 6. Rotational temperatures obtained from integral 

spectra (open squares) and local spectra (full squares) 
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Figure 4. Integral spectra recorded at x =8.75 mm 

from the jet center (black line) and the Abel inverted 
spectra for radial position r = 8.75 mm (red line)



usually, more than one fitting parameter is used. The 
temperatures values (both rotational and vibrational) ob-
tained from non-inverted spectra are quite spread and do 

not show a monotonic behavior upon the distance from 
the jet axis (see Figures 6-7, black curves, dependence 
upon lateral position x). Moreover, the meaning of tem-
peratures obtained from comparison of integrated spectra 
with simulated ones is doubtful since the obtained values 
represent in fact a kind of average value, associated to the 
summation of contributions to emission coming from 
plasma zones having different temperatures. Nevertheless, 
in many experimental situations it is not possible to obtain 
local spectra and an indication of the correctness of using 
the fitting of integral spectra instead of local spectra is 
important. 

The rotational temperature obtained from the local 
spectra shows a regular trend upon radius and present a 
minimum in the center (see Figure 6, red curve, depend-
ence upon radius r). This minimum may be associated to a 
colder gas core due to the flow or to the proximity of a 
shock in the gas, as is observed visually in Figure 1. Such 
a detail cannot be obtained from the integral spectra. 

 
5. Conclusions 
Rotational and vibrational temperatures of a radiofre-

quency generated nitrogen plasma jet have been obtained 
either directly from the as-recorded integral spectra, or 
from the Abel inverted spectral emissivities. The obtained  

 
 
 
 
 
 
 
 
 
 

values are comparable especially for the central zone of 
the plasma jet, showing that the simulation and fitting of 
the integral spectra can be used as an indicative of the 
temperatures.  

However, details like the minimum in the central zone 
are not revealed by processing the integral spectra, prov-
ing that the use of integral spectra without deconvolution 
is of limited value. 
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Figure 7. Vibrational temperatures obtained from integral 

spectra (open squares) and local spectra (full squares) 


