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A  double  inductively  coupled  low  pressure  plasma  (DICP)  is  used  for  the 
sterilization [1,2] of bio-medical materials. Because of short treatment times and low 
gas pressure also heat-sensitive materials can be sterilized. For the optimization of the 
sterilization process, correlations between the fluxes of photons, atoms and radicals to 
the surface of the objects to sterilize and RF-power, gas mixture and gas pressure are of 
a  great  interest.  To study these  correlations,  we determine  the  electron  distribution 
function (EEDF) fE and gas temperature Trot using optical emission spectroscopy (OES). 
Additionally, the gas temperature is determined by a probe (Luxtron I652) measuring 
the temperature TLuxtron of a fiber via the decay time of laser induced fluorescence. The 
fluxes of photons and chemically active species (atoms and metastable molecules) to the 
surface  of  objects  are  calculated  at  different  plasma  conditions  using  Monte-Carlo 
algorithm.

The sterilization of bacterial spores (B. atrophaeus) and fungal spores (A. niger) is 
performed in the DICP setup in less than 20 s (see figure 1). The total process time is 
much shorter than those of common sterilization processes used in the medical field, 
which makes the process interesting for industrial application.

To characterize and optimize the discharge, the EEDF is measured using OES at 
different  discharge  parameters  (see  figure  2).  The  EEDF allows  for  calculating  the 
generation of resonance emission (e.g. argon resonance line emission at 104.8 nm and 
106.7 nm) and for calculation the production of various species. 

For  treating  heat  sensitive  materials,  the  knowledge  of  the  gas  temperature  is 
required. The gas temperature is measured via the rotational temperature of nitrogen 
molecules  and nitrogen molecular  ions.  Figure 3 shows the result  at  10 Pa.  The gas 
temperature  is  higher  than  the  melting  point  of  heat  sensitive  materials  to  treat. 
Nevertheless,  low  heat  conductivity  at  low pressure  conditions  and  short  treatment 
times  (see  figure  1)  allow  for  treating  these  materials  as  it  is  verified  in  various 
experiments.
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The  discharge  parameters  are  optimized  as  a  consequence  of  the  correlation 
between fluxes, emission and sterilization experiments and lead to a reduced treatment 
time by more than a factor of two as presented in figure 1.

Reference
[1] H Halfmann and N Bibinov and J Wunderlich and P Awakowicz, 2007, 
Journal of Physics D: Applied Physics 40 4145-4154
[2] H Halfmann, B Denis, N Bibinov, J Wunderlich and P Awakowicz, 2007, 
Journal of Physics D: Applied Physics 40 5907-5911

Figure 3: Gas temperature measured by 
N2(C 3πu-B 3πg) (−−−), N2

+(B 2Σu
+, v'=0-

X 2Σg+, v''=0) (—) and by Luxtron 
Fluoroptic Thermometer () in Ar:N2 at  
p=10\ Pa.

Figure 2: EEDF derived from OES 
measurements and simulations.  
Measured at p=10 Pa and P=500 W 
(—), P=750 W (– – –), P=1000 W ()  
in Ar:N2.

Figure 1: Time dependent reduction of  
B. atrophaeus (□) and A. niger (▵)  
spores. Treatment (lines are fits to data,  
symbols are measured data points) in  
Ar:H2:N2:O2 at P=1000 W and 
p=20 Pa. The limit of the reference  
samples is reached after 20 s.


