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Abstract 

      In this work the planer magnetron sputtering device was used. As well as a 1mm copper diameter and 3 mm length 

Langmuir probe was used a diagnostic device to investigate electron temperature, electron density and Deby length 

under different pressure at distance 0.7 cm from the anode surface was measured.The effect of the pressure on plasma 

parameter was studied at this distance.The result of this work shown that, when the pressure increased the electron 

temperature and Deby length will decreased while the electron density increased. 

 

 قياس طول ديباي باستخدام المجس المنفرد

 علاء جبار غزاي               عماد عبد الرزاق سممان 

 جامعة ذي قار -كمية العموم  -قسم الفيزياء 

 الخلاصة
متم  وطتو  1في هذا البحث تم استخدام منظومة الترذيذ المغناطيسي المستوية المستتمر  باضاتافة ىلتل ذلت  تتم توتميم وتوتنين مجتس منفترد ب طتر          

 سطح الآنود  سم  عن 0 7مم  مونوع من مادة النحاس لتشخيص درجة حرارة اضلكترون, كثافة اضلكترون وطو  ديباي وباغوط مختمفة وبمسافة تبعد  3 
اضلكتترون وطتو  ىن تأثير الاغط عمل معممات البلازما بتم  المسافة تتم دراستتأ ضياتا  ىن نتتاذه هتذر الدراستة بينتت ضنتأ عنتد زيتادة الاتغط فتأن درجتة حترارة 

 ديباي ي لان بينما كثافة الالكترونات تزداد 
 

Introduction 

      Cold plasma technologies have found extensive 

application in material processing for over 30 years and 

they are now widely used in the manufacture of thin 

film material, magnetic media, special glasses, and for 

metal coating, etc. In the last decade, great attention has 

been devoted to a reactive dc magnetron sputtering. Its 

technology has covered a vast range of industrial 

applications [1- 3].The use of plasma for material 

deposition is widely used in technological and 

industrial process. Magnetron sputtering is the most 

popular for thin film deposition [4]. Noble gases are 

commonly used to generate the plasma because they are 

almost inert. Generally, plasmas are characterized by 

external parameters such as direct current (DC) input 

power, substrate bias, pressure, and gas flow rate. 

However, knowledge of these external parameters does 

not provide adequate understanding of the sputtering 

process. More insight relating to the film composition 

and growth rate, for example, is provided by 

investigating the internal plasma parameters. Many 

diagnostic techniques, such as Langmuir probe [5], 

Optical emission spectroscopy (OES) [6], and mass 

spectrometry[7], are used to characterize plasma. 

Among these techniques, Langmuir probe is widely 

used to measure plasma parameters such as electron 

density (ne), ion density (ni), electron temperature (Te), 

etc.The Langmuir probe consists of an electrode whose 

potential is varied to obtain an I –V characteristic which 

is used to calculate different plasma parameters [8].  

aa
Typewritten text
website : http:// jsci.utq.edu.iq                                                   Email: utjsci@utq.edu.iq



 

64 

 

J.Thi-Qar Sci.                         Vol.4 (4)                                   July/2014 

 

The interactions between these particles and the process 

gas molecules result in momentum and energy 

exchange between the colliding particles and gases may 

result in excitation, ionization and dissociation of the 

process gas as well as other neutrals. 

 

Debye Length 
      Debye length is one of the important parameter of 

plasma. If an electric field is created in the plasma, the 

charged particles will react to reduce the effect of the 

field. The lighter, more mobile, electrons will respond 

fastest to reduce the electric field. If plasma had an 

excess of positive or negative particles, this excess 

would create an electric field and the electrons will 

move to cancel the charge.The response of charged 

particles to reduce the effect of local electric fields is 

called Debye shielding and the shielding gives the 

plasma its quasi-neutrality characteristic. Let assume 

that an electric potential is applied between two 

surfaces immersed in plasma. The surfaces will attract 

equal amounts of charged particles of opposite sign. 

The concentration of charged particles near the two 

surfaces will shield the charged surfaces from the 

plasma bulk, which will remain neutral. The applied 

electrical potential will therefore develop mostly near 

the surfaces, over a distance D , called the Debye 

length and defined by [9]. 

 
 

Where en
 is the density of the electrons

)( 3cm
, 

eT
 electron temperature in eV.  The first condition for 

plasma existence is the Debye length should be very 

small when compared with the system dimension (L) 

i.e. 
LD 

. 

 

Langmuir Probe Construction    
The Langmuir probe composed with copper wire was 

inserted into the vacuum chamber. The tip is not 

covered with glass house for insulation as shown in 

Fig.(1). Cylindrical probe was used for single probe 

measurements. The diameter and length of the copper 

probe out side the glass house are 1 mm and 3 mm, 

respectively. Further more this probe is operating by 

sweeping mode, which changes from 80 volt to -80 

volt. 

 

 

 

 

 

 

 

 

 

 
The electrical circuit is shown in fig.(2). From the plot 

of probe current versus voltage which is called the I-V 

characteristic, the plasma parameters can be calculated. 

The pressure varied within the range of 1x10-1 - 6x10-

2mbar by adjusting the pumping speed through the 

opening control of throttle. The plasma was excited by 

combination of DC voltage supply working up to 5000 

V and maximum DC current of 500 mA. The probe was 

situated near from the target (distance z =0.7 cm from 

the target). 

 

 

 

 

Result and Discussion 
      This section includes the results and the analysis of 

the experimental measurements of plasma characteristic 

by single Langmuir probe and studies the influence of 

gas pressure on the plasma characterization. The plasma 

chamber where formed by DC planar magnetron 

sputtering, as well as the construction and the probe 

device were used for studying the plasma diagnostic (to 

obtain electron temperature, electron density and Debye 

length). To investigation plasma properties in a region 

near from the anode, Langmuir probe was located at 0.7 

cm distance from the anode. Figure (3) illustrated I – V 

characteristics of probe in pressure ranges 

Fig.(1) Shows Langmuir probe design 

 

Fig.(2) Electrical circuit for the Langmuir probe  
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From this figure we can show the electron current is 

grater than ion current because the electron mass is less 

than ion mass. As well as, the electron saturation 

current decreases with pressure. 

 

 

 

 

 

The electron temperature can be calculated by take the 

(Ln I) and drown as a function to probe potential and 

shown in figure (4). The slope of transport region with 

give to T in eV [10].  

 

 

 

 

 

Figure (5) shows the electron temperature as a function 

to pressure, this figure illustrated that the electron 

temperature decrease with pressure. This decreasing in 

temperature behavior with pressure because of the 

Langmuir probe located in the anode sheath which there 

is no collision in this region and with the increase of 

gas pressure, electrons mean free path will become 

short. This will result in increased electronic inelastic 

collision and make the electron energy less. 

 

Fig. (3): The relation between current probes as a 

function to the voltage probe. 

 

Fig.(4): The relation between Ln (I) as a function 

 to the voltage probe. 
 

Fig.(5): The relation between temperature of electron as a 

function to the pressure. 
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The electron density )( en  can be calculated by using 

figure (3) and figure (4) with equation below:  

 
 

   Where A is the area of probe =
20942.02 cmrl  , K 

Boltzman constant, eM  mass of electron and e  

charge of electron. The behavior of such densities are 

shown in figure (6). From this figure, we noted that the 

electron density will increase with pressure, because of 

the electron temperature will decrease with pressure. So 

that, the electron will escape of this region as a results 

to their temperature decreasing. Consequently the 

electron current and density will be increased.    

 

 

 

 

We can calculate the values of Debye length for all 

different pressures by using equation (1) and listed in 

table below.  

 

 

 

 

 

   

References                                  

1- R.Barni, C. Riccardi, E. Selli,M Massafra, B. 

Marcandalli, F.Orsini and  G.Poletti " Plasma 

Process Polymer ",Vol. 2, (2005),P.64. 

2- A. Belkind, A. Freilich, R.A. Scholl, J. Vac. 

Sci.Technol, Vol.A 17 (1999),P.1934. 

3- P.J. Kelly, R.D. Arnell,“Vacuum”Vol.56 

(2000),P.159. 

4- J. Kong, H. Shen, B. Chen, Z. Li, W. Shi, W. Yao, Z. 

Qi, Thin Solid Films,Vol. 207 (1999), P. 51. 

5- V. Kaeppelin, M. Carrere, J-M. Layet,“J. Vac. Sci. 

Technol.”Vol. A 20 (2002), P.2. 

6- K. Teii, J. Vac. Sci. Technol. Vol.A 17 (1999),P. 1. 

7- C. Muratore, J.J. Moore, J.A. Rees, Surf. Coat. 

Technol., Vol.12 (2003),P.163. 

8- F.F. Chen, Phys. Plasmas, Vol.8 (2001),P. 6. 

9- Daniel A. Herman and Alec D. Gallimore, Rev. Sci. 

Instrum. Vol.79 (2008), 013302. 

10- F.F Chen"Lecture Notes on Lagmuir Probe 

Diagnostic",Academic, New York,(2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(6):The relation between the density of electron 

 as a function to the pressure. 
 

Table (1): The values of Deby length at different gas 

pressure.  
 


