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Ar/H2 plasmas find widespread application in diverse fields of material science, where they 

are employed for sputtering, surface cleaning and processing [1,2]. They are also widely used for 
elemental analysis, where the addition of H2 to Ar glow discharges has been found to have a 
number of advantages [3]; consequently there is much interest in the understanding of the basic 
processes determining the properties of these plasmas [4]. 

In this work, low pressure (≈ 0.005-0.02 mbar) plasmas of H2 + Ar mixtures produced in a 
hollow cathode DC discharge reactor were experimentally studied and modelled. Relative 
concentrations of H2 and Ar have been varied from 0% to 100%. Special attention was paid to the 
detection of charged species by double Langmuir probes and mass spectrometric methods, 
including energy resolution for the ions. A simple zero order kinetic model, has been applied for 
the study of the non-equilibrium ion chemistry. It is based on the numerical integration of a 
system of coupled differential equations accounting for the time evolution of the various plasma 
species (H, H2, Ar, H+, H2

+, H3
+, Ar+, ArH+, Ar++) from the ignition of the discharge to the steady 

state [5]. The kinds of reactions included in the model are H2 dissociation by electron impact, 
heterogeneous recombination of H, single or double ionization of neutrals by electron impact, ion 
neutralization in the wall, charge transfer reactions, and most notably, very efficient protonation 
processes of the type: XH++Y→X+YH+. 

For the various plasmas considered, the pressure range investigated includes the transition 
from a collisionless to a collisional sheath, which is manifest in the broadening and shifting to 
lower energies of the otherwise narrow ion energy distributions [6]. In plasmas with collisionless 
sheaths, the measured ion flows reflect the ion composition in the discharge and provide valuable 
information about the ion molecule chemistry. On the other hand, in the collisional regime, the 
main elastic and charge transfer sheath processes can often be inferred from the measured energy 
distributions. The analysis of the ionic compositions allows the identification of the electron 
impact ionization and protonation reactions most relevant for the various plasmas. Pure hydrogen 
plasmas show competing concentrations of H2

+ and H3
+ ions,  that depend critically on the 

particular influence of the homogeneous H2 + H2
+ → H3

+ + H reaction [5] for a given discharge. 
Analogously, Ar + H2 plasmas display pressure dependent concentration ratios of Ar+ and ArH+ 
ions, based on reactions  like Ar  + H2

+ → ArH+ + H, Ar+ + H2 → ArH+ + H  and Ar + H3
+ → ArH+ 

+ H2. See figure 1. All these processes are barrier-less and have very large rate coefficients, k > 
10-9 (cm3molec-1s-1), practically independent of temperature.  

 
Appreciable Ar++ concentrations were detected in the experiments. Ar++ ions in the plasma 

are formed in collisions of Ar atoms with the tail of high energy (>50 eV) electrons present in the 
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discharges [7,8]. The relation between the concentration of these ions and those of Ar+ and ArH+ 
in conjunction with the model calculations are used to estimate a lower limit for the concentration 
of high energy electrons.  Under the low pressure conditions prevailing in our experiments, no 
Ar2

+ ions were observed. 
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 Fig. 1 Relative ion concentrations in H2 + Ar (7%) discharges at 0.01 mbar, 150 mA, 400 V. 
            Residence time: 2 s. 
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