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Abstract

In this work the diode planer magnetron sputtering device was designed and
fabricated. This device consist from two aluminum disc (8cm) diameter and (5mm)
thick. The distance between the two electrodes is (3cm).

Design and construction double probe made from tungsten wire with (0.1mm)
diameter and (1.2mm) length, to investigate the electron temperature under different
argon gas pressure. The probes was situated in the center of plasma between anode
and cathode.

The effect of the argon gas pressure on electron temperature was studied as this
distance.

The result of this work shown that, when the argon gas pressure increased, the
electron temperature will decreased.

Aaadall
Faglaiall oa (55 paiasall Ay sienall esalabisall 133 il e pliie gy apanal o3 Janll 128 3

(¢3) (o Lo Joaii A Allasall g (pa5) lansr 5 (piB) s o sasal¥) (1o (obid Sl

Gl 3ale (e g sian (pde 1.2) Jsbas (ple 0.1) oty (S (e gtieal s pana o3 s ) ALYl

O el 38 5e (8 amall g g g (0 9S Y Slad Adlide Jn ghucay 5 5 KI5l s Ao (il

oSSV 8 )y Ay (e 9SOV Sle Jaraa ails A o Caaall acat SIS Qi) 5 o gall pudadl)

8 05 I3 ) s da o b Jaacall 30l ) aie 4] Cugy Al all a2 il ) Baasall ddludll Nie

Introduction

The glow discharge owes its name to the fact that plasma is luminous. The glow
can be produced by applying a potential difference between two electrodes in a gas.
The potential drops rapidly close to the cathode, vary slowly in the plasma, and
change again close to the anode. The electric fields in the system are restricted to
sheaths at each of the electrodes.

The sheath fields are such as to repel electrons trying to reach either electrode.
Electrons originating at the cathode will be accelerated, collide, transfer energy, leave
by diffusion and recombination, slow by the anode and get transferred into the outside
circuit. [1,2]

The luminous glow is produced because the electrons have enough energy to
generate visible light by excitation collisions. Since there is a continuous loss of
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electrons, there must be an equal degree of ionization going on to maintain the study
state. The energy is being continuously transferred out of the discharge and hence the
energy balance must be satisfied also. Simplistically, the electrons absorb energy from
the field, accelerate, ionize some atoms, and the process becomes continuous.
Additional electrons are produced by secondary emission from the cathode.

These are very important to maintaining a sustainable discharge. Three basic
regions are describe below, the cathode region, the glow regions and the anode region.

Several practically important configurations of glow discharge are shown below.
[3.4]
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Fig.(1): Voltage distribution in a DC glow discharge process.

The fluorescent light bulb type of an arrangement is an evacuated glass tube with
circular disc electrodes at either end, connected to a high voltage DC power supply.
Once a sustainable DC glow discharge is established, it has a striking appearance of
alternating light and dark spaces.

Double Langmuir Probe Theory

One of the earliest plasma diagnostic techniques was the electrostatic probe, first
described and analyzed by Langmuir. Langmuir probes are used for localized
measurements of plasma electron densities (I’le), electron temperatures (7 e)’
floating potential and plasma potential.

In other situations, the plasma potential may change with time, which will create
difficulties in maintaining a constant voltage difference between a probe and the
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plasma potential. In these situations single Langmuir probes are not readily
applicable, Johnson & Malter (1950) developed a technique that overcomes some
limitations of the single probe [5,6].

It involved the use of two Langmuir probes biased with respect to each other and
isolated from ground. This allows the probes to electrically float with regard to the
plasma therefore allowing the probes to follow the changes in the plasma potential

[11].

Double probe method was widely used to study the plasma properties. Most of the
probe theories consider the case of a plasma at rest [7,8,9].

However, in some plasmas the electron drift velocity in the axial direction, which
is principally responsible for carrying the discharge current, may reach an appreciable
fraction of the thermal velocity, altering the electron drift velocity distribution from
maxwellian to drift-maxwellian form. Under these circumstances, it is important to
recognize the signature of the drifting electrons in the double probe characteristic
[10,11].

A double probe consists of two electrodes that are inserted into a plasma. The
spacing between the probes must be small enough that the properties of the plasma
can be taken to be constant over that interval. In the case of a cylindrical double
probe, the electrodes are nothing more than two exposed lengths of wire [11].

Figure (2) shows the electrical circuit for double probe and the voltage — current
characteristic is shown in figure (3).
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Fig.(2): Basic double probe circuit [12].
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Fig.(3): Schematic diagram of the double probe characteristic [10].

Results and Discussion

The electron temperature has been determined from the way in which 7, (the
probe current) varies with V, (the probe voltage) by floating double probe method of

Dote [10] which was modified from the equivalent resistance method by Johnson and
Malter [5].

The expression for electron temperature (Te) is given by [10]:
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Where, Te=electron temperature,
€ =charge of the electron,
K=Boltzmann constant,
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Slope from the current — voltage characteristics at the inflection.

S=Slope at the positive ion saturation characteristic.

The planer magnetron sputtering device was designed and fabricated. This device
consist from two alumina disc 8 cm diameter and 5 mm thick. Figure (4) shows
photograph of the probes used in this work and figure (5) shows the experimental set
—up of this device.

The principle operation of this device is glow discharge. In addition this device is
operate in constant mode (where the external constant applied voltage 1 kV).

The distance between the electrodes (3 cm) long, so that, the planer magnetron
sputtering in our design can be named (diode planer magnetron sputtering).

Figure (4): photograph of the probes used in this work.
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Figure (5): experimental set — up.

To investigate the electron temperature in positive column region, Langmuir
double probe was situated in the center of plasma between anode and cathode. Figure
(6) illustrated current voltage (I-V) characteristics of double probe in pressure ranges

2x 10 mbar, 3x10  mbar ,4x10" and5x10" ' mbar.

The electron temperature can be calculated by using equation no.(1) [10]. Figure
(7) shows the electron temperature as a function of pressure, this figure illustrated that
the electron temperature decrease with the increase of gas pressure.

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
loss.
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Fig.(6) I — V characteristics of double probe in different pressure ranges.
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Figure (7): The relation between temperature of electron as a function
to the pressure.
References

1- Michael A. Lieberman and Allan J. Lichtenberg, "Principles of plasma discharges
and materials processing", John Wiley and Sons, Inc., New York, 2005.

2- A. Dinklage, T. Klinger, G. Marx, L. Schweikhard, "Plasma physics confinement
transport and collective effects", Lect. Notes in phys. 670, Springer, Berlin
Heideelberg, 2005.

3- Raoul N.Franklin, "Plasma phenomena in gas discharge"”, Clarendon Press,

Oxford, 1976.
4- Lennart S. Hultgren and Daveid E. Ashpis, “Demonstration of separation delay
with glow-discharge plasma actuators”, NASA/TM-2003-212204/Rev1, 2004.

5- E. O. Johnson and L. Malter, "Physical Review", 80, 58, 1950.

6- F.F.Chen,"Plasma diagnostic Techniques",Academic,NewYork, 1965.

7- G. Petraconi and H. S. Maciel, Brazilian Journal of Physics, 33,4,2003.

8- S.S.Pradhan and D.C.Jana, Journal of Physical Sciences,10,158, 2006.

9- C.Das, D. C. Jana, A. K. Hui, Journal of Physics, 208, 012127, 2010.

10- Toshihiko Dote, Japan J. Appl. Phys., 7,964,1968.

11- Lawrence Thomas Byrne, “Langmuir probe measurements in the plume of

apulsed plasma thruster”, M.sc. Thesis, Worcester Polytechnic Institute, 2002.

12- Chang-jun Liu, Jia-xin Wang, Kai-la Yu, Baldur Eliasson, Qing Xia, Bingzhang

Xue and Yu-hang Zhang, Journal of Electronics, 54, 149 — 158, 2002.

61




