
Determination of the Gas Temperature in a Low Pressure DICP Discharge 
used for Plasma Sterilization

N Bibinov (1),(n), H Halfmann (1), P Awakowicz (1)

(1) Inst. for Plasma Technology, Ruhr-Universität Bochum, 

Universitätsstraße 150, 44801 Bochum, Germany

nikita.bibinov@rub.de

The gas temperature is an important parameter in different applications of low-
pressure plasmas. In the purpose of sterilization of materials used in the medical branch, 
thermolabile  materials  like  ultra-high-molecular  polyethylene  (UHMWPE) 
polyethylenterephthalat  (PET)  or  polyvinyl  chloride  (PVC)  do  not  tolerate  material 
temperature  higher  than  60° C.  The  temperature  of  the  walls  of  the  low-pressure 
discharge reactor depends on the gas temperature inside the discharge,  the treatment 
duration and the efficiency of  the thermal  conductivity.  For the optimization  of  the 
sterilization process the control of the gas temperature is required.

Optical emission spectroscopy (OES) and probe measurements are often used for 
the purpose of gas temperature measurements. But these methods not always determine 
a  reliable  result.  Determination  of  adequacy  range  to  apply  these  methods  is  an 
important task.

To  determine  the  gas  temperature  in  the  inductively  coupled  RF discharge  in 
mixtures  of  helium  or  argon  and  nitrogen  the  rotational  distribution  of  molecular 
nitrogen emission bands of N2(C-B) (2nd positive system) and of N2

+ (B-X) (1st negative 
system)  are  used.  These  bands  are  characterized  by  a  high  Einstein  coefficient  for 
emission  of  AC-B=τem

-1=2.4*107 s-1  [1] and  AB-X=τem
-1=1.7*107 s-1  [2],  spectroscopic 

constants of both upper and lower molecular states of these emission transitions are well 
known [1,2,3,4]. Therefore, emission spectra of nitrogen can be modeled and compared 
to experiments. The steady state rotational and vibrational distribution in the excited 
states of nitrogen can be determined by the fitting procedure with the measured spectra 
of the corresponding plasma parameters.

Additionally,  we  compare  the  gas  temperature  derived  from  the  rotational 
intensity  distribution  to  temperature  measurements  done by  Luxtron I652 Industrial  
Monitor Fluoroptic Thermometer for temperatures up to 525 K. The I652 measures the 
temperature dependend decay of phosphor fluorescence excited by laser pulses.

The temperatures measured using three different methods are in a good agreement 
at low electron densities (figure 1) where all three methods are most reliable.
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At high RF power these three methods provide different results  (figure 2). The 
reasons for this effect are acceleration of molecular ions in the electric field and too fast 
quenching of phosphor fluorescence at probe measurements at high gas temperatures.

By applying of nitrogen molecular spectroscopy for the purpose of gas temperature 
measurements in the plasma discharge the change of angular momentum during electron 
impact and difference of spectroscopic constants in ground and excited states of nitrogen 
molecules  are  taken  into  account.  The  influence  of  excitation  of  nitrogen  molecules 
during chemical reactions with metastable rare gas atoms are considered.
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Figure 1: The rotational temperature 
measured in Ar:N2 (100:1 sccm) at  
p=5 Pa and P=500, 750 , 1000 W.  
Measured via N2(C-B) (dashed), N2

+(B-
X) (full) and by probe (dotted).

Figure 2: The rotational temperature 
measured in Ar:N2 (100:1 sccm) at  
p=20 Pa and P=500, 750 , 1000 W.  
Measured via N2(C-B) (dashed), N2

+(B-
X) (full) and by probe (dotted).


