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For the identification and optimization of elementary processes in a low pressure 
discharge  the  knowledge  of  the  electron  energy  distribution  function  (EEDF)  is 
mandatory. Radiation, photodesoprtion and echting are processes which are important 
for  many  plasma  applications.  The  EEDF  and  the  electron  density  allow  for  the 
calculation of the fluxes of species (photons and radicals) to the samples which cannot 
be measured. These information are used to optimize the plasma for applications.

Measuring the electron energy distribution function with the Langmuir probe is 
limited usually in a radio-frequency discharge to energies below 11 eV. This is caused 
by  mainly  a  worse  signal  to  noise  ratio  measuring  high  energetic  electrons  and 
additionally a passive band pass filter setup. The optical emission spectroscopy (OES) 
allows for measuring the EEDF from 1.5 eV up to 30 eV in a rare gas mixture of He:N2. 
This  is  proofed  by  Bibinov  et  al.  [1] in  a  DC-discharge  and  used  for  an  electron 
cyclotron  resonance  (ECR)  discharge  [2].  Here,  the  feasibility  in  an  low  pressure 
inductively coupled plasma is presented.

We measure EEDF in an ICP plasma in He:N2 mixture by means of OES (see 
figure 1). Electronic and vibrational distributions in the emission spectrum of He atoms 
and nitrogen molecules allow to determine the electron energy distribution function in 
the  kinetic  energy region  from 1.5 to 30 eV.   The  trial  and  error  procedure  is  used 
according  to  [2].  The  errors  of  the  determined  quantities  are  estimated  in  a  fitting 
procedure,  where we vary the EEDF until  calculated emission intensities distinguish 
from the measured ones not more than the experimental error. We compare the EEDFs 
determined by means of OES with the electron energy distribution functions measured 
using  the  Langmuir  probe  (see  figure  2)  and  a  good  agreement  is  found.  Some 
discrepancies between EEDFs measured using these two methods reveals itself at low 
ICP powers.  The  reason for  these  discrepancies  is  to  low electric  current  by probe 
measurents and ambiguous determination of plasma potential especially in the case of 
ICP-CCP (capacitive  coupled  plasma)  transition  at  low power  near  the  wall  of  the 
chamber [3].
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This  comparison  shows  us  that  the  both  experimental  methods  provide 
comperable EEDFs and can supplement each other. In gas mixtures without nitrogen we 
cannot determine the EEDF in the low electron kinetic energy region by using OES. In 
this case we measure the EEDF applying the probe in the range up to 10 eV and using 
OES above 10 eV (figure 3).
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Figure 1: The determined EEDF of a 
He:N2 discharge at p=10 Pa and 
P=1000 W (full) and P=1500 W 
(dashed).

Figure 3: The determined EEDFs of Ar  
(full) and Ar:N2 (slash-dot) discharges 
at P=750 W and p=10 Pa. Results  
determined via Langmuir probe 
measurements without error bars and 
determined via OES with error bars.

Figure 2: Comparision between EEDFs 
derived from Langmuir probe 
measurements and simulations.  
Measured in He:N2 (100:3) at p=10 Pa 
and different input powers: P=1700 W 
(top, full), P=1500 W (top, dashed),  
P=1250 W (dotted), P=1000 W (slash-
dot), P=750 W (bottom, full) and 
P=500 W (bottom, dashed).


