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1. Introduction 

In the last few years, plasmas operated at atmospheric pressure have be
increased attention due to their potential and current use in various applicat
elemental analysis, purification of noble gases, hydrogen production and 
sterilization of medical instruments. To ensure that the industrial and technologi
of plasmas are employed with a maximum effectiveness, it is necessary to k
(parameters) that for the most part govern the ability of the discharge t
microscopic processes (discharge kinetics). This ability depends on the densitie
of the different plasma species that it contains and the energy available in
(temperatures). 

Among the different species in the plasma, the electrons transfer energ
to the plasma through collisions with the rest of the particles which constitute
density (ne) is one of the most important plasma parameters. Metastable atoms pl
role in the internal mechanisms that take place in plasmas due to their energy
mean life. On the other hand, the possibility that the different processes 
ionization) in the plasma have of being carried out will depend on the energy 
discharge, fundamentally in the form of the kinetic energy of the elec
temperature, Te) and heavy particles such as atoms and ions (gas temperature,
much of the effort in experimental and theoretical research in plasmas is devo
developing and proving techniques for the measurement of these parameters. F
values of these parameters are quite suitable for testing the models used to explai
of discharges generated under specific operative conditions.  

In plasmas at atmospheric pressure, passive spectroscopy techniques are
measure plasma densities and temperatures. The well-known scattering Thoms
for measuring electron density and temperature and the scattering Rayleig
temperature, these methods are quite difficult and require access to a powerful la
make them costly. In contrast, passive spectroscopy methods are based on the
light coming from the plasma itself in the form of spectra (atomic spectral line
bands). So, these techniques do not perturb the internal kinetics of dischar
measurement process. In order to develop new diagnosis methods and the
applications and verifications as well as to improve well known ones, dif
discharges can be used. Discharges created and maintained by a surface-wav
special type of microwave discharge, characterized by the plasma extension out
device of the microwave energy. From an experimental point of view, these d
several advantages with respect to other discharge types (RF and ICP) th
especially suitable for research on spectroscopy diagnosis methods of plasma
advantages, one can point out: a) the possibility of using different atomic (Ar, H
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molecular (N2, H2, O2, …) gases and their mixtures, with flows equal to or less than 0.5 l/min 
and b) the absence of significant fluctuations combined with very good reproducibility. 
 

2. Shape and width of a spectral line 
 Spectral lines recorded experimentally have a distribution of intensity around their 
central wavelength (line profile). The profile shape together with its width and the area under 
this profile (intensity) are of great importance, since they depend on the internal processes 
taking place in the discharge. In particular, the area is related to the atom populations emitting 
them and so a variation in this value indicates that the population density of the level is varying 
too, which leads us to infer that the internal kinetics of plasma is being modified. The total 
width of a spectral line is due to the different processes taking place in the plasma contributing 
to this width in an independent manner.  

The main mechanisms contributing to the width of the spectra profile: a) Natural 
broadening due to the fact that each quantum state of an atom does not have perfectly defined 
energy and this can be considered negligible for most of the lines considered for applications of 
spectroscopy diagnosis techniques, b) Doppler broadening (∆λD) is caused by the movement or 
thermal agitation of the emitting particles and depends on the kinetics temperature of the heavy 
particles of the plasma (gas temperature, Tg), c) Stark broadening (∆λS) is produced by 
collisions between the emitter and the charged particles surrounding it (electrons and ions), d) 
van der Waals broadening (∆λW) is due to the interaction of the excited atoms with the dipole 
induced in the neutral perturbers and depends on the value of Tg, e) resonant broadening occurs 
for transitions involving a level that is dipole-coupled to the ground state but it is negligible for 
the methods that are going to be described in the next section, f) broadening from self-
absorption is produced by the absorption of the radiation emitted from an atom by another of 
the same species present in the plasma , and it can be avoided by a proper choice of spectral 
lines. Moreover, the experimental device induces another broadening of the line profile 
(instrumental broadening), which depends solely on the device used in the radiation register.  

At high pressure, the spectral line profile can be approximated to a Voigt function 
(Voigt profile), characterized by its broadening ∆λV (full width at half maximum, FWHM). This 
function is the result of the convolution of a Gaussian function (instrumental and Doppler 
broadenings) with a Lorentzian function (Stark and van der Waals broadenings). In order to 
separate each one of these broadenings that contribute to the total width of a spectral line, a 
deconvolution process is necessary. 
 

3. Spectroscopy methods applied at high pressure 
Today, classical methods applied to measure plasma parameters at high pressure can be 

found in the literature. But these same methods have been improved and new methods are being 
developed for this purpose, the majority based on the use of spectral line characteristics: the 
profile area and the different broadenings contributing to its total width. 
 

3. 1 Gas temperature 
Gas temperature (Tg) is a measure of the energy acquired by the heavy particles (atoms 

and ions) of the discharge, essentially by means of electron collisions. Molecular species like 
N2

+, N2, CN and OH can be used for this purpose, OH being the most common. In this way, the 
gas temperature is obtained from the slope of the plot of log (Iλ/A) as a function of the transition 
upper state energy; I is the maximum value of line intensity, λ the wavelength and A the 



corresponding transition probability. However, in some cases the emission intensities of the OH 
band are too weak. Another possibility is to determine Tg from Doppler or van der Waals 
broadening of spectral lines emitted by the discharge itself. However, in general, the Doppler 
broadening is small compared to the instrumental contribution to the Gaussian width of the 
profile. So, the van der Waals broadening can be considered the most appropriate tool to be used 
for this purpose. In this last case, the contribution of the Stark broadening to the Lorentzian part 
of the profiles has to be smaller or negligible. This can be achieved by using lines from low-
lying levels close to the ground state [1]. 
 

3.2 Excitation temperature 
The excitation temperature (Texc) is a measure of the excitation capacity of atoms within 

the plasma, the Boltzmann-plot procedure being the one used to obtain this temperature. This 
procedure utilizes the assumed linear dependence of log(Iλ/gA), among the atomic levels of the 
plasma atoms, as a function of the energy (Eexc) in the upper level of the transitions. Here, I is 
the corrected intensity from the total area of the spectral line, λ the wavelength, g the statistical 
weight of the upper level and A the probability of spontaneous emission. From the slope (-
0.625/Texc) of the straight line fitted through these points Texc is obtained. 
 

3.3 Electron temperature 
The electron temperature (Te) is the energy of the electrons and is a measure of a part of 

the available energy in the discharge. One possibility is to use the line-continuum ratio method 
[2] that utilizes the intensity I emitted and the adjacent continuum εc, I/εc being a function of Te 
in plasmas in Local Thermodynamic Equilibrium (LTE), but in plasmas in non-LTE, this ratio 
is a function of Texc and Te, Texc having to be previously calculated from Boltzmann-plot method. 
Plasmas in partial local thermodynamic equilibrium (pLTE) are characterized by the high lying 
levels of excited atoms that are involved in processes of ionization and recombination by 
collisions with plasma electrons. In this case, the population distribution of these levels is 
according to the Saha distribution and also implies a Boltzmann balance at equilibrium. 
Therefore, the excitation temperature (Texc) derived from the Boltzmann-plot is considered equal 
to the electron temperature (Te) [3].  
 

3.4 Electron density 
The Stark broadening of the spectral lines is the most popular tool to determine plasma 

electron density (ne) and it is based on the collisions of the emitter with the charged particles 
surrounding it (Stark effect). Hydrogen Balmer lines such as Hα, Hβ and Hγ are classically used 
for this purpose, since the Stark broadening of these lines is the strongest and very sensitive to 
electron density variations. The expression connecting this Stark broadening with electron 
density was derived by Griem [4], who did not take into account the influence of ion dynamics 
on the spectral profiles of Balmer lines. Computational methods have been developed taking 
into consideration the ion dynamics effect on Balmer line profiles. Among them, the Gigosos-
Cardeñoso model (GC) [5] provides a series of tables which relates electron density values to 
those of the Stark broadening of hydrogen lines. Using the GC model, the ne values are the same 
ones from the different Balmer lines [6]. When hydrogen Balmer lines are not intense enough, 
the use of the Stark broadening of non-hydrogenic spectral lines emitted by the discharge gas 
itself is another possibility to measure the discharge ne. In this case, the Stark broadening of the 
chosen lines has to be sensitive enough for the electron density variation.  
 



3.5 Population of metastable atoms 
Absorption methods have been used to measure the population of the metastable levels 

in the discharge. These methods are based on the interaction between the radiation emitted from 
an external source and the absorbing atoms. However, an external source is not needed when 
self-absorption techniques are used for this purpose, because the discharge acts simultaneously 
as a radiation source and absorbing atoms. In this method, the ratio of the total intensities of two 
lines partially self-absorbed by the discharge is used which is directly related to the absorption 
coefficient of the most self-absorbed line and provides the population of the absorbing species. 
At low pressure, the spectral line profile can be approximated to a Gaussian function and the 
absorption coefficient of the most self-absorbed line has an accurate analytical expression. 
Nevertheless, at atmospheric pressure the absorption coefficient depends on the a-parameter of 
the spectral line, which is the ratio between the Lorentzian and Doppler widths of the line 
profile (Voigt function). This method was recently applied to atmospheric plasmas in [7]. 
 

4. Other methods 
Other spectroscopic methods that use the broadenings of spectral lines have been recently 

developed. Calibration of Stark broadening of Hα and Hβ lines offer a simpler method to obtain ne 
when Hβ is not observable. This calibration is obtained experimentally by introducing a very small 
amount of hydrogen into the discharge in order to obtain the relationship between the Stark 
broadening of both spectral lines [8]. Another method to measure ne and Te simultaneously by 
using Stark broadening of the Balmer lines has been proposed by [9] using Hβ and Hγ and by [10] 
using Hα, Hβ and Hγ. In this method for a fixed value of Stark broadening for the three Balmer 
lines, it is possible to obtain curves whose crossing corresponds to the ne and Te values. Applying 
it to argon plasma, an uncertainty of 10% for ne and 30-40% for Te have been found. A new 
method proposed by [11] used the Lorentzian broadening of spectral lines for that their Stark 
broadening is comparable with the van der Waals one. The representation of the Lorentzian width 
for one of these lines versus the ne gives a linear fit. The origin ordinate correspond to the 
Lorentzian width for zero electron density and can be considered approximately equal to the van 
der Waals broadening which is used to calculate the gas temperature. 
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