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Neutral metastable excited species play an important role in low-temperature plasmas as carriers 
of internal energy in excess of several electron volts. The two metastable states in the 3p54s 
configuration (3P2 and 3P0) of argon with energies of about 11.6 eV determine the population of 
the next excitation level (13 eV) and the ionization (15.8 eV). Therefore, the population of 
upper levels due to step-like excitation in collisions between metastable excited atoms and 
electrons from lower part of electron energy distribution function has significant influence on 
the discharge and observed emission lines.  

Diode laser absorption spectroscopy at 772.4 nm [1] was used to measure axially resolved 
density profiles of metastable excited argon atoms, Ar(³P2), in an asymmetrical capacitively 
coupled argon rf plasma (ccp, 13.56 MHz) generated between two parallel circular electrodes 
(stainless steel, 90 mm diameter and 25 mm gap). The gas pressure was varied from 20 to 100 Pa 
at gas flow rate of 5 sccm and rf power from 30 to 130 W, respectively.  

A significant maximum of metastable excited atoms was found nearby the mean rf sheath 
boundary with an absolute density in the order of 1017m-3. Here, the population of metastable 
levels is caused by rf sheath electron heating and electron impact excitation. Furthermore, the 
normalized axial profiles show raising density of metastables towards the powered electrode with 
increasing power and pressure (figure 1). 

 

 
 
Fig. 1 Normalised axial density profiles of the metastable argon atoms in 3p54s configuration 3P2 at 

80 Pa with increasing power (powered electrode at 0 mm axial position). 
 



Additionally, the axially resolved optical emission intensity from lines at 738.4 nm, 763.5 
nm, and 840.8 nm as well as 750.4 nm and 751.5 nm was studied and compared with the 
measured metastable density. Besides the intensity maximum at the sheath boundary, for higher 
power and pressure it was found another intensity maximum in front of the powered electrode, but 
only for transitions  at 738.4 nm, 763.5 nm, 840.8 nm, etc.. These emitting states were populated 
out of the metastable argon levels Ar(³P2), see figure 1, and Ar(³P0) with excitation energies of  1 
to 2 eV. On the other hand, the often used argon emission line at 750.4 nm for actinometry in 
oxygen plasmas [2] as well as the line at 751.5 nm shows not such an increasing optical emission 
towards the powered electrode [3]. These atomic states can not populated by step-like excitation 
via the metastables (forbidden transition).  
 

 
 
Fig. 2 Axial emission intensity profiles for different wavelengths at 80 Pa and 150 W. Emission 

intensity maximum 2 mm in front of the powered electrode only for transitions connected with 
the metastable argon states (Ar(³P2), Ar(³P0)). 

 
In other discharge plasmas such intensity maximum in front of electrodes has been observed as 
well. The excitation mechanisms in this region are in relation to the acceleration of positive ions in 
the plasma sheath. Therefore, excitations due to heavy particle collisions between background gas 
and positive ions [4] or fast neutrals due to charge transfer collisions [5] as well as reflected 
neutrals from the electrode surface [6] were assumed.  
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