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Abstract: In this work, plasma parameters can be accurately calculated when the intensities of two spectral lines are experimentally
known. The magnetic field effect on the plasma parameters and the intensity spectrum for glow discharge in argon at low pressures has
been investigated by using optical emission spectroscopy technique .The longitudinal magnetron system used in this work, where the
open field unbalanced magnetron was employed at the cathode and anode electrode. The plasma parameters have been studied in
presence of magnetic field of 855 Gandargon gas pressure ranges from (0.25 to 0.85) mbar. Applying a longitudinal magnetic field
yields confining the plasma near discharge electrodes .This confining corresponds to the maximum enhancement of the spectral lines
intensity (Arl 750.3nm and Arll 434.7nm) and the electron density is a maximum. In the presence of the magnetic field, the values of
the electron temperature T, are smaller than that without magnetic field. An increase in gas pressure, rustling slightly decrease of
plasma density at low gas pressure (0.33 mbar) but it increased at higher gas pressure. Also, results show that the electron temperature
drops slowly as pressure is increased from (0.25 to 0.5) mbar, but is relatively drops rapidly at higher pressures of 0.85 mbar and the

maximum values of this parameter are obtained at 0.33 mbar pressure.
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1. Introduction

Radio-frequency (rf) plasma is widely used as a low
temperature plasma processing medium for material
processing in many fields including microelectronics,
aerospace, and the biology [1, 2]. As a result of energetic
ions, chemically active species, radicals and also energetic
neutral species, rf discharges are widely used in etching,
deposition and surface treatment, particularly in the
semiconductor industry. Although, much processing is done
on an empirical basis for a particular device, a full
characterization is desirable for reproducibility, consistency,
better understanding the process, and more importantly
transformation of process from one device to another
[3,4].The Penning Discharge was a first step towards
theconstruction of a magnetron [5]. The development of
high performance magnetron sputtering sources allowed
sputtering to be performed at higher deposition rates [6], and
can be used for high-purity thin film fabrication in
semiconductors or for large-area coatings of structural
materials such as the glass windows. One of the main
advantages of magnetron sputtering over the other
competing physical vapor deposition techniques is the
additional kinetic energy of the sputtered atoms. This kinetic
energy can lead to a more adherent coating and better
conformal coverage. It also benefits the formation of many
different compound thin films at much lower temperature,
which is a great advantage when the temperature-sensitive
substrates are used [7, 8]. Magnetron sputtering is somewhat
different from general sputtering technology. The difference
is that magnetron sputtering technology uses magnetic fields

to keep the plasma in front of the target, intensifying the
bombardment of ions. Highly dense plasma is the result of
this PVD coating technology. Nowadays, Magnetically-
sported dc discharges as magnetron sputtering systems are
widely used for depositing the nanostructures thin films and
high temperature superconducting materials [9-11].
Magnetron sputtering allows charged particle bombardments
can have a large effect on deposition efficiency and quality
of the sputtered films by changing the magnetron
configuration. Electrons and ions with high energy
bombarding the film change the nucleation characteristics,
the mobility of sputtered particles on the substrate and the
crystallographic structure of the film [12]. Before applying
the plasma discharges for any purpose, it is necessary to
determine the basic discharge parameters like electron
temperature and plasma density and to understand their
dependence on the discharge parameters such as discharge
voltage and operating gas pressure. Various methods, such
as emission or absorption optical spectroscopy, microwave
interference, mass spectroscopy and Langmuir probe have
been used to diagnose the plasma. Optical methods such as
emission, absorption, laser scattering, or fluorescence
spectrometry are proven techniques for probing various parts
of the plasma without disturbing its state and composition
[13]. Among these techniques, there is the optical emission
spectroscopy. This technique is based on the measurement
of the optical radiation emitted from the plasma as it reflects
the properties of the plasma in the immediate environment
of atomic, molecular, and ionic radiators. Radiation is a
result of the electron or ion interaction with other molecules
in the plasma. Four plasma models were suggested by MC
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Whiter criterion which is dependent on the mechanism of
electron interaction. Three methods are available for electron
temperature measurement, these are [13,14]:

1) The ratio of two lines’ intensity;

2) The ratio of a line to continuum intensity;

3) The ratio of two parts of continuum intensities.

The first method will be used in this paper for the estimation
of the mean electron temperature in the argon DC glow
discharge .The intensity of these spectral lines depends on
(KT,), and always proportional to the population density of
excited states. Hence, (kT,) can be determined using these
spectral line intensities and well-know Boltzmann plot [15]:

I1A19242] 1
KT, = (B, — Ey) [1n 2222222 (1)

12229141

The indices 1 and 2 refers to the first and second spectral
lines, I is the intensity, k is the Boltzmann constant, g is the
statistical weight, E is the excited state’s energy and A is the
transition probability. The Boltzmann plot method is only
valid if the discharge plasma under study is in complete
local thermodynamic equilibrium (LTE). In this spectrum,
the argon emitted lines are observed in the range of 200-900
nm and kT, is determined by selecting two Ar-I spectral
lines.In calibration, the E, g and A for selected lines is taken
from the National Institute of Standards and Technology
NIST Atomic Spectra Datasheet[16,17]. The n. can be
determined using the relative intensities of atomic and ionic
spectral lines in Boltzmann -Saha equation [15].

]

Where, (1, 2) denote the neutral and ionized atoms, E is the
energy of the emissive levels, Eis the ionization energy of
the neutral atoms and AE is the lowering of ionization
energy [14, 15].
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2. Experimental Setup

Fig.(1) shows a schematic diagram of the main parts of the
longitudinal magnetron system used in this work, where the
open field unbalanced magnetron was employed at the
cathode and anode electrode. Magnetic field strength is
equal to 855 G. The belljar vacuum chamber made of glass ,
was used with length 35 cm and diameter 14.5 cm.
Electrodes were made of stainless steel and each was a disk
of 7.25 (cm) in diameter and 4 mm in thickness. Two
annular concentric magnets were placed behind each
electrode to form the magnetron configuration. The outer
diameters 6 cm and magnet diameter from the inside is 2.5
cm. The electrodes were connected to a DC power supply to
provide the electrical power required for discharge. The
lower electrode (anode) could move vertically with respect
to the fixed upper electrode (cathode).Pure argon gas was
used to produce the discharge plasma. A DC power supply
(up to 3 kV and 100mA) was used for electrical discharge
between the electrodes and breakdown voltages and
discharge current were monitored by digital voltmeter and
ammeter, respectively. A current limiting resistor of 6.8 kQ
was connected in series to the discharge circuit in order to
control the current flowing in the circuit. The discharge
chamber was evacuated by a two stage (16 m*/h)Leybold
Hearers rotary pump and the vacuum inside the chamber
was measured by pirani gauge connected to a vacuum
controller from China -ZDZ-52. Argon gas was supplied to
the chamber through a fine-controlled needle valve (0 - 100
sccm) to control the gas pressure inside the chamber.
Spectrum measurements were obtained by using the
spectrometer of spectrum VS2100, optical fiber and
collimating lens as showing Fig.(1)
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Figure 1: The schematic diagram of longitudinal magnetron system

3. Results and Discussion

The emission spectra of the plasma argon produced between
electrodes at pressure from 0.5 to 0.8mbar, with and without
magnetic field are shown in Figures 2 and 3.The intensity of
the lines increases by increasing the gas pressure, where the
intensity of the lines has been found to be proportional to p®,

where o is constant, which varies between 0.2-0.5,
depending on the wavelength [14].Figs. (4 and 5) represent
the intensity of 750.3 nm lines and 434.7 nm lines
respectively as a function of the gas pressure in DC power
with and without magnetic field, where intensity increases
by increasing gas pressure (p) and the intensity increases
with magnetic field in two lines. Two suitable lines, one for
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Arl and other one for Arll are chosen and an electron  Arl (750.3 nm), A; = 4.45x10°S*,g; = 3, E1 = 11.828 eV
temperature is estimated using the lines intensity ratio  Arll (434.7 nm), A, = 1.17x10° S g, = 6, E2 = 16.643 eV
method. Considering Ar I line of wavelength 750.3 nm and For the measurement of electron temperature use Eqg. (1).
Arll line with wavelength 434.7 nm by using NIST we get:
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Figure 2: The emission spectra for plasma argon at different pressures without magnetic field.
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Figure 3: The emission spectra for plasma argon at different pressures with magnetic field
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Figure 4: Intensity of 750.3 nm line varying with pressure with and without magnetic field.
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Figure 5: Intensity of 434.7 nm line varying with pressure with and without magnetic field.

The effect of the argon pressure on the electron temperature
with and without magnetic field is shown in Fig. (6). It is
obvious that the electron temperature drops slowly as
pressure is increased from (0.25- 0.5) mbar, but is relatively
drops rapidly at higher pressures 0.85 mbar. At higher
pressures there is a greater energy transfer between the
electrons and the surrounding argon atoms. The electron
temperature drop may be due to the decreased of the drift
velocity of the electrons with increasing of collisions with
increasing gas atoms density. On other hand, the electron
temperature curve is shifted to down at using magnetic field.
It could be explained as follows: the presence of longitudinal
magnetic field will cause the electrons to move with helical
path which increases the probability of collision with atoms
and ions; this will reduce the effective free path and hence
decreasing the kinetic energy of the electrons and electron
temperature [17].

It is obvious from eq. (2) that there is inverse relation
between electron temperature and electron density so

decrease in electron temperature means to increase the
electron density. Figure 7shows the dependence of plasma
density on argon pressure. By the increase of the gas
pressure, the plasma density decreased slightly at low gas
pressure (0.33 mbar) while it increased at higher gas
pressure. The variation of electron density in Fig.7 shows a
linear increment of density with pressure, which is obvious
due to the increment of collisions with increasing pressure.
The parameters T, and n, are obtained from OES and the
pressure dependence comparison with other results
[18]generally shows good agreement. As longitudinal
magnetic field is used the electron density increases
compared without magnetic field. The electrons moving
through a longitudinal magnetic field have helical paths
around longitudinal magnetic field thus it may gain enough
acceleration to ionize gas atoms leading to increasing
electron density by inelastic collision with another particle
(ion and atom argon) [10].
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Figure 6: Variation of the electron temperature (T,) with the pressure with and without magnetic field.
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Figure 7: Variation of the electron density (n,) with the pressure with and without magnetic field.

4. Conclusions

We studied the pressure dependence of characteristic plasma
parameters in longitudinal magnetron system. The optical
emission spectroscopy method is used to characterize the
low pressure DC glow discharge. A magnetic field and
working gas pressure dependent increase in lines intensity,
which presents at ~855G, is observed at gas pressure up to
0,2mbar. It is found that electron temperature gradually
decreases with the increase in working pressure while
electron density increases at low gas pressure. Similar trends
also have been observed in case of electron temperature and
densityin presence of longitudinal magnetic fields
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