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ABSTRACT 
This paper reports the measurement of electron temperature (Te) and electron density (ne), Debye length (  ) and 

plasma frequency(  ) in a low pressure DC glow discharge in air using Langmuir double probe. Three different 

methods namely: Double slope, Dote and Interception  were used to evaluate the electron temperature (Te) and mean 

value of Te obtained from the above three methods was used to calculate the electron density, Debye length and 

plasma frequency.The main objective of the study is to investigate the effect of discharge voltage and pressure on 

the plasma parameters at low pressure and low voltage. Experiment showed that (Te), (ne) and (  ) gradually 

increased but (  ) decreased on increasing the voltage from 550V to 700V respectively. Similarly, on increasing the 

pressure from 0.10 to 0.16 mbar, there were decrease in electron temperature and Debye length whereas increase in 

electron density and plasma frequency.  

 

Keywords: Langmuir Double Probe, Electron temperature, Electron density, Debye length, 

Plasma frequency etc. 

INTRODUCTION 

The DC glow discharges have been extensively used in the gas laser, thin film deposition, 

etching and surface modification of the materials [1,2]. For understanding, developing and 

maintaining such processes, it is desirable to determine the basic plasma parameters [3]like 

electron temperature, plasma density and their dependence on the discharge voltage and 

operating gas pressure. One of the most widely used method for the plasma diagnostic in the 

electrical method is the Langmuir single probe and it was used by Irvin Langmuir in 1924. 

However, to overcome the limitations caused by the single probe, Johnson and Malter in 1950, 

introduced double probe method for the plasma characterization over a wide range of plasma 

densities [4,5]. In which electron current is completely controlled by the ion saturation current so 

that probe draws very little amount of current without disturbing the plasma condition. It also 

enables the performing of the time as well as the space resolved measurements of plasma 

parameters and even it can be used to the electrode less discharge like microwave discharge. 

Other importance of the double probe is that it measures local parameters of studied plasma but 

almost all other techniques give information averaged over a large volume of plasma [6,7] and 

the simplicity of the used equipment that allows us to receive result quickly, without high 
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experience. In the double probe method, we have used three different methods namely: Double 

derivative, Dote and Intercept method to measure the electron temperature and their average 

value is used to evaluate the electron density, Debye length and plasma frequency. 

 

MATERIALS AND METHOD 

The photograph of the plasma reactor used for the characterization of the low pressure dc glow 

discharge in air is shown in Fig.1 in which vacuum is created at 0.10, 0.14 and 0.16mbar  

pressure and voltage is changed from 550V to 700V. Two identical cylindrical probes are 

inserted in the discharge region and it is powered by the digital voltage sweep of      over 

2500 points. The data are taken from Tektronix TDS 2014C oscilloscope and it is transferred to 

the personal computer through data storage device for the further analysis.All other 

specifications of the double probe for its operation is given in Tab.1. 

 

Tab. 1 Specifications of the double probe system 

S.N Specifications 

1 Probe material: Tungsten 

2 Length of the probe: 6mm 

3 Diameter of the probe: 0.5mm 

4 Diameter of the electrode:  10 cm 

5 Distance between two electrodes: 8cm 

6 Maximum voltage across electrodes: 1000V 

7 Biased voltage range: -30V to +30V sweep over 2500 points 

8 Current sensing resistor: 10KΩ 

9 Maximum probe current:500µA 

 

Fig.1 Photograph of low temperature plasma 

reactor with langmuir double probe. 

Fig.2 Measurement of electron temperature 

from double slope method 
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 In the double slope method, one tangent is drawn at the point of inflection and another tangent 

in the ion saturation current region. The ordinate of the intercept gives the ion saturation current. 

The electron temperature (Te) can be obtained by using the relation [8] 
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In Dote method, electron temperature can be obtained by using following relation[9] 

   
∑   

 [(
  

   
)
    

      ]

            

where, (
  

   
)
    

 = slope of the current voltage characteristic at the point of inflection 

S= slope at the positive ion saturation current  

And  ∑      total ion saturation current 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, in the Intercept method the electron temperature can be obtained by using following 

relation [4] 
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In our experiment we have chosen   
  and   

  as around 2V and 5V respectively 

Fig.3 Schematic diagram of the double 

probe characteristic to determine Te in Dote 

method 

Fig.4 Schematic diagram of the double 

probe characteristic to determine Te in 

Intercept method  
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While the electron density can be measured from the ion saturation current and electron 

temperature using the following equation. 

          √
   

  
            

The factor 0.6 is due to the reduction of the ion density in the presheath region over which the 

ions areaccelerated up to the Bohm velocity[10,11]. 

 

Similarly, Debye length      and the plasma frequency    ) can be obtained by using following 

relations respectively 
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RESULTS AND DISCUSSION 

In Double derivative, Dote and Intercept method the electron temperature is evaluated by using 

Eq.1, Eq.2 and Eq.3 respectively and the graphical representation of the mean value of electron 

temperature obtained from above mention three methods as a function of the discharge voltage at 

different constant pressure is shown in the Fig.3. It is observed that with the increase in discharge 

voltage at a fixed pressure, the (Te) graduallyincreases. The increasing trend in Te under the 

influence of rising discharge voltage might be due to increase in kinetic energy of the electrons 

gained from the electric field [12,13]. Fig.3 also shows that there is decrease in Te on increasing 

the pressure at constant voltage. The reason behind it can be explained from the Eq.7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.3Variation of mean value of the electron 

temperature as the function of the discharge 

voltage at different constant pressure. 

Fig.4 Variation of the electron density with 

discharge voltage at different constant 

pressure. 
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The mean energy of the electron is given by, 

 ̅       
    

 
              

where, V is the discharge voltage, d the inter-electrode gap, E the electric field strength and    is  

the mean free path of the electrons. 

When the discharge pressure inside the discharge chamber increases, electron collision frequency 

with neutral atoms also increases and the mean free path between two successive collisions 

decreases. Which shows that rather than gain of energy by the electrons from the electric field, 

more and more energy is transferred to the neutral species as a result Te decreases. 

Fig.6 shows that electron density decreases on increasing the discharge voltage as well as 

pressure. On increasing the pressure or voltage, there is increasing the ionizing activity inside the 

plasma during the inelastic collision between electrons and neutral species due to the decrease in 

mean free path of the electrons or by the increasing the kinetic energy of the electrons as a result, 

more and more energy is transferred to the neutral species and electron temperature increases 

[14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Debye length is a characteristic scale length in plasma and it is a measure of the distance that 

the potential of a charged object penetrates into the plasma. It depends upon the electron 

temperature and electron density. On increasing the voltage, electrons becomes energetic and 

some of the fast moving electrons can inter inside the positive sheath region and reduces the 

number of positive ions which leads to increase the Debye length but on increasing the pressure, 

electron density increases. The increase in electron density increases the shielding effect at short 

distance. The variation of Debye length with applied voltage and filling pressure is shown in 

Fig.5 Variation of the Debye length with 

discharge voltage at constant pressure 

Fig.6 Variation of the plasma frequency 

with discharge voltage at constant pressure 
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Fig.5. Overall, the decrease in Debye length in both cases is due to the increase in electron 

density. 

 

The plasma frequency is the fundamental property of the plasma and represents the frequency at 

which the electron cloud oscillates with respect to the ion cloud and it entirely depends upon the 

plasma density. The variation of the plasma frequency with discharge voltage or pressure is 

shown in Fig.5. Both increase in voltage or pressure increases the electron density and hence the 

plasma frequency.  

 

CONCLUSION 

Langmuir double probe device is successfully used to evaluate the plasma parameters in the low 

pressure DC glow discharge in air.  Result indicates that electron temperature, electron density, 

and plasma frequency increases but Debye length decreases on increasing the discharge voltage 

from 550 to 700V at different pressure 0.10, 0.14 and 0.16 mbar respectively. Similarly, on 

increasing the pressure from 0.10 to 0.16 mbar at different constant voltage 550V, 600V, 650V, 

and 700V, it is found that there is decrease in electron temperature and Debye length whereas 

increase in electron density and plasma frequency. The measured value of the plasma parameters 

is in good agreement with the expected value of the DC glow discharge and result shows that 

Langmuir double probe is the suitable tools to measure the plasma parameters 
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