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Over recent years the understanding of discharges in electronegative gases has proceeded 

apace. The knowledge that they were structured came early with the computational work of 

Ferreira et al. [1] and the experimental work of Volynets et al. [2].  This was verified by 

theoretical and computational work by Franklin and colleagues [3], [4], [5], [6].  But 

electronegative gases are in general molecular and that leads to there being a multiplicity of ion 

species both positive and negative and several competing processes in the volume for negative 

ions these are attachment, detachment and recombination.  It is now well established for oxygen 

that recombination dominates at low pressures and detachment at medium pressures. But oxygen 

is a weakly electronegative gas.  Chlorine is strongly electronegative but gives rise to one species 

of positive ion and one negative and so the treatment is relatively straightforward [7].  Carbon 

Tetrafluoride is much used in etching applications and has the attribute that there is one dominant 

positive ion CF3
+
, two negative ions F

-
 and CF3

-
 with F

- 
dominating.  The more mobile F

-
 ions are 

concentrated in the centre and the plasma has two cores surrounded by a conventional electron-

positive ion plasma (So et al. [8] and Franklin [9]  Here we give a first attempt to treat CF4 diluted 

by Argon; chlorine being so diluted having been treated by Franklin [10] and by Lampe et al. [11].  

The problem is more complex in that we have to consider Ar
+
, CF3

+
, F

-
, CF3

-
 and electrons and 

that the ions are moving in a mixture of gases of variable composition and not all the mobilities 

are known.  The plasma balance equation can be given for the outermost conventional plasma 

with two positive ion species at medium pressures (Franklin [12]). 

We begin by considering the degenerate case when all the charged particles are born and 

die in essentially the same location; for known rates for the processes involved that gives a 

limiting value of the electron temperature Te as a function of the dilution factor f = 

nAr/(nAr+nCF4).  We then set out the generation and loss equations for the ions.  Our initial hope 

had been to link up with the simulations performed by Donko [12], but that work is at lower 

values of pressure x gap size (2pL) when the ion motion is not mobility controlled. 

The basic equations for a one dimensional plasma with co-ordinate x, 0 � x  � L  are– 

          d(np1vp1)/dx = kiz1nengf – krecnp1(nn1+nn2)               (1) 

          d(np2vp2)/dx = kiz2neng(1-f) – krecnp2(nn1+nn2)         (2) 

          d(nn1vn1)/dx = kattneng(1-f) – krecnn1(np1+np2)          (3) 

          d(nn2vn2)/dx = kattneng(1-f) – krecnn2(np1+np2)          (4) 

The notation is as follows – ne, np1, np2, nn1, and nn2 are the densities of electrons Ar
+
, CF3

+
, 

F
-
 and CF3

-
 respectively, kiz1 is the ionization rate coefficient for Ar and kiz2 for CF4, katt is the 

common attachment rate for the formation of F
-
 and CF3- and krec is the assumed common 

recombination coefficient for all positive and negative species. 

With kiz1, kiz2 and katt known functions of Te taken from [13], one can find Tec(f) the limiting 

value when the electron flux is zero, for different dilutions f and this gives the asymptote of the Te 
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vs pL characteristic for higher pressures.  Solving (1-4) together with the quasi-neutrality equation 

np1 + np2 = ne + nn1 +nn2 involves five simultaneous equations and for values of the mobilities of 

ions in the gas mixture we have to rely on classical theory and on Blanc’s Law [14].  This yields 

values of the central quantities �1 = nn1/ne, �2 = nn2/ne, �1 = np1/ne, and �2 = np2/ne.  Assuming ‘top-

hat’ distributions i.e. constant values in each of the cores for these quantities, and integrating (3) 

and (4) from 0 to L, where the negative ion fluxes vanish, allows one to determine the size of the 

inner core X1L and the outer X2L, where 0< X1 < X2 < 1.  We also verified that the electron flux 

and the positive ion fluxes are everywhere positive and that the negative ion fluxes are everywhere 

negative. 

We have obtained meaningful results covering the pressure range from 30 Torr-cm upwards 

and they are consistent with the earlier work quoted above.  Thus we conclude that in CF4 diluted 

by Ar there is structure with F
-
 concentrated in the centre, CF3

-
 extending further with these cores 

surrounded by a conventional plasma containing Ar
+
 and CF3

+
.   This outer most plasma 

determines the plasma balance equation and gives a Te vs pL similarity plot which is a function of 

both the degree of ionization ne/ng and of the dilution f. 

At lower pressures it is necessary to take into account ion inertia, and that was done for pure 

chlorine by Franklin and Snell  [15]. 
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