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ABSTRACT:

This paper investigates the characteristics some of argon plasma parameters of glow discharge under axial magnetic field. The DC
power supply of range (0-6000) V is used as a breakdown voltage to obtain the discharge of argon gas. The discharge voltage-
current (V-I) characteristic curves and Paschen’s curves as well as the electrical conductivity were studied with the presents of
magnetic field confinement at different gas pressures. The magnetic field up to 25 mT was obtained using four coils of radius 6
cm and 320 turn by passing A.C current up to 5 Amperes. Spectroscopic measurements are employed for purpose of estimating
two main plasma parameters electron temperature (T.) and electron density (n.). Emission spectra from positive column (PC) zone
of the discharge have been studies at different values of magnetic field and pressures at constant discharge currents of 1.5 mA.
Electron temperature (T¢) and its density are calculated from the ratio of the intensity of two emission lines of the same lower
energy levels. Experimental results show the abnormal glow region characteristics (positive resistance). Breakdown voltage versus
pressure curves near the curves of paschen and decrease as magnetic field increases due to magnetic field confinement of plasma
charged particles. Also the electrical conductivity increases due to enhancing magnetic field at different gas pressures. Both
temperature density of electron and the intensities of two selected emission lines decrease with increasing pressure due decreasing
of mean free path of electron. Electron density increase according to enhancing magnetic field, while the intensity of emitting lines

tends to decrease.
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1. INTRODUCTION

Many kinds of material processing and surface modification
applications can be carried out through the plasma of argon
gas discharge. Since argon is a type of inert gas and has a
convenient atomic mass amongst noble gases. The plasma
diagnostics involves many techniques as electric probes and
optical emission spectroscopy. But almost electric probes is
favorite for measuring the parameters of plasma (Beck,
2000). Spectroscopic method is preferred as plasma
diagnostic in case the plasma under the influence of magnetic
field without the use of invasive probes that can perturb the
behavior of the plasma. By using this technique one can
calculates excitation, rotational, and vibrational
temperatures, in addition to that temperature and density of
others plasma species(Laux, 2001). Numerous empirical and
theoretical works were carried out about with the presence of
axial magnetic field upon the glow discharge at different
argon pressures (Hassouba, 2001), (Makrinich, 2009), (Gao,
2017) and (Wais, 2011). Empirical works taking in to
consideration the effect of experimental conditions
(discharge current, voltage and magnetic field strength) upon
the intensity of radiation emitted from the negative region of
a direct- current glow discharge (Toma, 2005), (Michael,
2015), (Rézsa, 1995) and (Eizaldeen, 2012). A first attempt
to use the cylindrical coaxial magnetron discharge (CCMD),
obtained in air, as a light source to realize a high efficiency
of conversion of electric power to visible light and to
minimize the cost of the light source (Toma, Rusu, &
Dorohoi, 2008). The ion beam current in an end Hall-type ion
source with a magnetic mirror field are investigated
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regarding magnetic gradient (Tang, 2007). The plasma
parameters of a hollow cathode arc discharge (HCAD ), have
been calculated by employing optical emission spectroscopy
under magnetic field (Avaria, 2009). This is for nitrogen gas and
used (200-1100) nm (Kolpakova, 2011). (Mondal, 2012),
performed study of the discharge current (DC) current density in
glow discharge (GD) in an axial magnetic field, also the shape of
counter-rotating ion and electron fluids in imposing upon a
negative glow discharge(NGD) under action of axial magnetic
field. Also, (Galaly, 2014), studies the cathode fall thickness
exerted by the magnetic field using two different methods for
Helium plasma. Investigation of electron temperature and
electron density of helium gas plasma at low pressures (0.05, 0.1,
0.2, 0.3) mBar, have been done under the action of both
longitudinal and transversal magnetic fields (Munther, 2015).
The effects of magnetic field strength (MFS) and the distance
between the poles for argon discharge current (DC) electrical
discharges on the Paschen's curves are studied for magnetic field
strengths (0, 400, 855) Gauss and distances (2, 4, 6, 8)cm
(Khalaf, 2016). (Ohno, 2019), have made a detailed description
of discharge structure around the recombination front region
(RFR).In the present work, investigation and characterization of
argon glow discharge plasma exerted by axial magnetic is
concerned. The principle aim is to explain the variation of plasma
parameters due to the application of external axial magnetic field,
and eventually gas pressure. Furthermore the present study
describes experimentally the main features of DC hollow
electrodes discharge in the positive region, with and without
effect of axial magnetic field. As well as study this influence on
the calculated temperature and density of electron from the ratio
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of two lines intensity method as well as from the Stark Third make comparison with the reference data taken from the
broadening of argon spectral line (811nm). handbook of the NIST Atomic Spectral Data (Kramida, NIST

Atomic Spectra Database, 2019.).
2. EXPERIMENTS EQUIPMENT

Wire Vacuum Gage

L L

The discharge chamber is a Pyrex glass of cylindrical shape.
The chamber made as two parts, the first is 0.6 cm diameter
and 14cm length. The discharge chamber was provided with
two inlets, one of the inlet is used as inlet gas to chamber and OutletGas Pipe
the another is used as outlet gas connected with rotary pump,
both of 1.5cm outer diameter and 7cm in length. The second
part is the electrodes chamber of 3cm in diameter and of e
length 7cm as illustrated in figure (1).The discharge pipe has

two open ends are used to controlling the distance between
two electrodes to obtain best uniform plasma at fixed distance
14 cm. Both electrodes are fixed into the chamber by using
two cylindrical rubber stoppers to prevent gas leakage. The
electrodes are made of 0.5cm in diameter and 9cm in length
of brass metal’s hollow cylindrical shape to achieve the best
discharge in terms of stability and density within the
discharge tube. The system is evacuated to the required
pressure about 1 X 10™3mbar using mechanical rotary o
vacuum pump. Pure argon gases were introduced into the circuit.
system via a needle valve, also the pressure is measured by ;
using Pirani gage. DC power supply of range (0-6000) volt is
used and obtaining argon glow discharge for different
pressure. The voltage - current (V¢-Iq ) characteristics was
measured using a digital multi meter. Four coils of radius
6cm and 320 turn each one to make one coil of length nearly
14cm to produce magnetic field by passing A.C current of
values (0 to 5) Amperes. The magnetic field obtained was
ranged from (0 to 25) mT which is measured using Digital
Gauss/Tesla Meter (Model: CYHT201 from Chen Yang
Technologies), the hall probe is utilized to measure both
direct and alternating magnetic field strength. The discharge
tube was placed inside the magnetic field as shown in picture
of the system (2). The experimental starts when the chamber
was evacuated to an ultimate pressure and then feeding the
argon into the chamber, allowing the pressure to reach 100
mbar before pumping the gas out to the desired operating
pressure. This process of chamber flushing was repeated
three times prior to each experiment to pump out the residual 3
gases to ensure that the plasma-forming gas was pure argon. )
Once the desired pressure was reached, the applied voltage is
increased gradually until inception of glow discharge. With
each applied discharge voltage, the corresponding discharge The distribution of axial magnetic field through the discharge
current was recorded. Under different values of magnetic =~ chamber was carried out when the Hall probe is employed in
field strength (B), a range of discharge voltage and their different positions between anode and cathode. The nearly
corresponding currents were recorded. Two collecting lenses ~ uniform constant field strength (B) is obtained in horizontal
were arranged to collect and analyze radiation emitted from direction of discharge tube as shown in figure (3).
the discharge under experimental conditions through the

optical fiber with CCS spectrometer, (500-1000) nm (Model: . . . .

CCS175/M from Thorlabs) having grating of 830 Line/mm, 30
800 nm optical resolution of 0.6 nm full width half maximum //\_—\ |
(FWHM). The optical fiber can be fixed in horizontal
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Figure 1. Schematic diagram of glow discharge with electric

Figure 2. Picture of glow discharge system with magnetic field
RESULTS AND DISCUSSION

3.1 Axial variation of magnetic field:

|

direction to the plasma chamber for characterizing and E 24
collecting radiation to determine the plasma parameters. For % /—/\‘\ | B
all experimental measurements when using spectrometer, i 15+ EEEEEN
calibration is necessary. This can be carried out using g R S e S
emission sources with known wavelengths (such as spectral g™
lamps or helium-neon laser ) or for instance, one lines of the 5] w—n— —— 1
Balmer series belonging to a species present in the plasma
(Menmuir, 2007).To be sure that the line intensities 0 T T T T : :

0 2 4 6 8 10 12 14

represents the corresponding excited level. There are three
steps calibration process(Emission spectroscopy, Lab 57).
First using standard spectral lamp within the selected spectral  Fjgure 3. Variation of axial magnetic field through the discharge
range in which strong peaks appear. In our experiment, we chamber for various positions.

use a He-Ne gas laser as a standard lamp as shown in figure

3. Second identify the peak position along the X-axis and

then choose the maximum intensity of peaks in spectrum. 3.2 The (V4 - Iy) Characteristics of glow discharge

Distance (Cm)
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The (V4 - la) characteristics behavior of argon discharge
obtained for pressure (0.022 — 0.04) mbar, when the gap is 14
cm in length. These characteristics are represented abnormal
glow region (positive resistance) as shown in figures (4). The
remarkable behavior of these characteristics is the shifting to
higher values of discharge voltage due to increasing the field.
The discharge voltage under action of magnetic field for
argon is larger than those without field. This effect was
observed for low values of magnetic field. This mean that
magnetic field increase the resistance of discharge for low
values of magnetic fields (0 to 10) mT, due to non — ionizing
collision of electrons with other plasma particles (Baranov,
2011). For larger values of magnetic fields (15 to 25)mT,
Values of the discharge voltage when applying the field for
argon are less than those in case the field is turned off for
higher values of field. Thus, the slopes of the latter (Vg4- L,)
characteristics with the field are less than those without of
field. This effect is attributed to that the field enhance the
observed pressure and thus reducing mean free path of
electron, therefore increasing the number of excitation and
ionization collisions and due to that the resistance will be
decreased as shown in figures (5).
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Figure 4. (Vq-1g) characteristics for different values of
magnetic field under the pressure of 2.8x10-2 mBar.
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Figure 5. Electrical resistances versus axial magnetic field
for several gas pressures.

By calculating the slope of (V¢—14) characteristics in the ab-
normal region (positive resistance). For determinations the
resistance and conductivity, (Origin Pro 9.0) software by
linear fitting option for all (V- I) characteristic has been
carried out. Electrical conductivity is a measure of how well
a material accommodates the transport of the electric charge.
According to Ohm’s law the electrical conductivity (o) is
given by the ratio of the current density J in (4/m?) , to the
electric field strength E in (V /m) (Haun, 2001):
] L

“TE R4 @0

Where L, Rand A are the length of discharge in (m), discharge
resistance in () and cross-section area in (m?) respectively.

On the other hand, the electrical conductivity of non- ideal
plasma is a fundamental quantity and its measurement, therefore,
of high interest to verify new theories (Tkachenko, 1998). The
discharge breakdown voltage (Vy) is smaller under action of
field, since the current density can be enhanced by the field,
because the pressure will increase according to that. This effect
is attributed to that the field enhance the observed pressure and
thus reducing mean free path of electron, therefore increasing the
number of excitation and ionization collisions and due to that
breakdown voltage decreased as shown in Figure (6). On the
other hand, the magnetic field increase the second ionization
coefficient vy, at a certain value of reduce electric field E/P, in
other words, both of the reduction of the work function of the
cathode material since the application of the magnetic field is
sufficient to maintain the discharge and magnetic field applied
along the discharge axis promoted a reduction of the breakdown
voltage agree with this reference (Petraconi, 2004).
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Figure 6 Breakdown voltages versus magnetic field for different
values of gas pressure.

The pressure dependence of breakdown voltage in our study also
has been taken into consideration. As well known the voltage
breakdown is a function of the gas, gas pressure and electrodes
gap separation ( Paschen's law), Friedrich Paschen developed a
law in 1889, which is known as the Paschen’s curve describing
the breakdown voltage as a function of the electrode spacing or
gap (d), operating pressure (p), and gas composition (Paschen,
1889) and (Torres, 2012). Therefore, the voltage breakdown (Vy,)
versus gas pressure is plotted in figure (7). The results show
similar behavior of Paschen’s curves for different magnetic field.

4000 T T T

—a—0mT
° e
3004 | e—smm
. 10 mT]
P —v—15mT
S 3000 20 mT|
Q v —<— 25 mT
8
S 2500 4
= y
c
g 2000 | R
2 —’—":—"
© b _—* /w———z=z
(5]
S 1500 .,/o7ﬁ”‘”/ |
1
<« /‘
10004 &
T T T T T

T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Pressure (mBar)

Figure 7 The breakdown voltage versus gas pressure for
different values of the applied magnetic field.

3.3 Electrical conductivity

Figure (8), represents the increasing electrical of conductivity
due to enhancing magnetic field at different gas pressures. The
applying of the magnetic field prevents expansion of plasma
species across the field. Measurement of the conductivity of the
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plasma is achieved directly by using general Ohm's law, i.e.,
calculating the slope of (Vq—1Iq) characteristics in the ab-
normal region ( positive resistance). According to the
increase in the field, electron density and electrical
conductivity are also increase. The motion of the electrons
and other charged particles becomes finite in plane
perpendicular to magnetic field, i.e. restricted the motion of
the electrons and other charged particles therefore, leads to
increase the density of the charged particles means increase
the electrical conductivity. If the magnetic field is exerted
axially to the discharge tube, this leads to a reduction of the
breakdown voltage. This in turn makes magnetic
confinement of electrons and ions which reduces the
electron losses and effectively increases the collision
frequency between electrons and the gas particles at a given
E and P reduced field, consequently enhanced the rate of
ionization efficiency. This means that the gas can be
breakdown by lower ionization potential. In other word,
they are decreasing the work function of the cathode
material.
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Figure 8. The variation of electrical conductivity with a
magnetic field for several values of gas pressures.

Also, it’s noticeable from figure (9) that the electrical
conductivity increase with increasing the pressure from (2.2
to 4 x 102) mbar. Because these ranges of pressures is the
left side of Paschen's curve were increasing pressure lead to
increasing the number of excitation and ionization collision
of electron with plasma particles, consequently decreasing
the electrical resistance of discharge and breakdown
voltage.
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Figure 9. The electrical conductivity versus gas pressure
for different values of the applied magnetic field.

3.4. Spectroscopic Diagnostic:

Spectroscopic method is a well-known and most popular
technique for measuring some of the plasma parameters of
glow discharges, because it is simple and don’t perturbs the
plasma. Electron temperature can be calculated from the ratio
of two-lines emission of spectrum (Qayyum, 2003). In our
study, the CCS spectrometer, (500-1100) nm is used for a
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wide survey spectrum of positive column region of argon glow
discharge under external magnetic field. Figure 10, represents
spectra obtained using an optical fiber, by collecting radiation
emitted from the discharge employing two collection lenses of
focal length (100) mm the first lens (10) cm far from the chamber
wall, second lens about (10) cm far from first lens and the fiber
optic about (10) cm far from second lens, which is the One of the
best spectrums of argon discharge at pressure of 5x102 mbar.
Figure 2 explain that. The fiber output was connected to
spectrophotometer of the following properties: optical resolution
of 0.6 nm. Spectral range (500-1100) nm, but only the emission
lines between (650-800) nm were used to calculate electron
temperature because the spectrum lines in this range are the best
fitting with the National Institute of Standard and Technology
(NIST) and these lines gives reasonable value of electrons less
than lev i.e. satisfy the local thermodynamic equilibrium (LTE)
plasma. Argon emission spectrum at pressure 5 x 102 mbar
which is used to for temperature determination,

0.6 4
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0.4

0.3+ 772.3105 nm

|

T T
760 780 800

Intensity (a.u)

0.24
696.5967 nm

0.14 l
0.0 M u M
: T T T T
680 700 720 740

T
660

Wavelength (nm)

Figure10. The emission spectrum used for determination
electron temperature under the pressure of 5x102 mBar.

To show the spectroscopic parameters for spectral lines of Argon
gas plasma in the current work shown in table 1.

Table 1. Spectroscopic parameters for spectral lines
identification of argon gas

Trans Upper
ition Statistical energy
ions Wavelength gjﬁtt); weight l(z \;e)l
A (nm) A
k
EH| g | %
10°
Arl 696.5967 6.4 5 3 13.32
Arl 727.263 1.83 3 3 13.32
Arl 772.3105 52 5 3 13.15
Arl 811.434 33 5 7 13.07
Arl 912.362 18.9 5 3 12.9

To calculate the excitation temperature, line-to-line method was
used (Danzaki, 2001). The Boltzmann plot can be used,
according to equation (2) and equation (3) the spectral line
intensity can be written as:

E; —E; = hvy @)

Where E; and E, are the energies of levels 1 and 2, h is the Planck
constant and
Uy, is the transition frequency.

N _EZ/
Iy = ) 924z1hvy1e” KT 3

U(T) is the average temperature of the electrons, g is the
statistical weight, N is the population of level 1 and 2, I, is the
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line intensity, T is the electron temperature, A,; is the
transition probability of level 1 and 2, and k is the Boltzmann
constant.

By rewriting equation (3) as:

Nhc g2A21 e—EZ/kT
U A1

C))

I =

Where c is the speed of light, N, h, c and U are the same for

all of the atomic lines, therefore, and

U gy, e = o ang

Nhc 92421

11251 _Ez

1n< k ) =In(e™ Yer 5

G2ha1 ( ) ®)
Where In (ﬂ) + ky = — =2 where ky, = In(k,) (6)

92421 2 k Tex 2 1
By plotting y = In (;21:“) versus x = E, (7

2421

1
kTex
is widely used in the literature (Park, 2010). For obtaining a
better understanding, two different transitions between
energy states, m —n andp — n, were considered; the first
transition occurs between levels m and n, where m is the
upper level and n is the level with lower energy. The spectral
line intensity is:

A curve is obtained with a slope of m = — this method

N _Em/
Imn = ?gmAmnthne kT 3

The second transition is between energy levels p and n, where
p is the level with upper energy and n is the level with lower
energy; the line intensity is given by:

I

N _Ep/
pn = ?gpApnhvpne kT (9)

Where (p > m)correlating these spectral lines, the next
equation is obtained:

Im_n _ gmAmn/‘{p e_(Em_Ep)/kT

= 10
Ipn gpApnAm ( )

Equation (10) can be rewrite as equation (11). Therefore,
from equation (11) temperature of electron can be determined
from the ratio of two-line emission spectrum equation
(Forati, 2016).
1_1 _ 14k
I 924: 4

exp (O 11
Where I; and I, are the intensities of two line spectrum in
arbitrary unit, g; and g, are the statistical weight, A, and 4,
are the wavelength of two line spectrum in (nm), A; and A,
are the transition probability in (S™!), E; and E, are the upper
energies level of two emission spectrum line in (ev), k is the
Boltzmann constant = 1.38064852x102* m>kg s2 k'and T
is the temperature in (Kelvin). The emission lines at
696.59nm and 772.3 1nm are chosen because they both of the
same lower transition states (configuration 3s2 3p> (2P /2)
4s, term 2[3/2]°and J = 2).

The upper states of the emission lines at 696.59nm have the
configuration (352 3p° (2P /2) 4p)2[1/2] and J =1, but for the

emission line 772.31nm have the upper state configuration
(3s2 3p° (2P% /2) 4p) ?[3/2] and J =1. Other parameters of the

two lines are taken from the national institute of standards
and technology (NIST) as: Eeoss= 106087.2598 cm™!,
E73= 107496.4166 cm™, geos=3 (s71), Agos= 6.4x10°,
and g772=3 (s™1), As72 = 5.2x10°. The measured intensities
ratio of the two lines, as shown in Figure 10, was I6965 /
I7723= 0.4738. Then, using equation (4), the plasma

temperature was obtained to be T = 0.1651eV = 1900K. Figure
(11) represents the argon energy level diagram.

(cV)
A

5 — 3s'3p’ Ar
¢ 353p . 15,755 eV

Ar,

Ar,

Ar3s'3p’

Figure 11. Argon energy level diagram taken from this
reference (Marinova, 2015).
Density of electron can be obtained from the width of Stark
broadening expression (Aragén, 2001), (Subedi, 2014) and
(Sherbini,2012):

=20 (")

+354 ("6/1016)5/4 X (1 - % N;1/3)
X w (12)

Where 44, represent the FWHM of Stark broadened spectral
peak, w is the electron impact width parameter in (nm), N, is the
reference electron density; in the case of neutral atoms is 10'® cm™
3 (Qian, 2010), 4 is the ion broadening parameter in (nm), 7. is
the electron density in (cm™) and Np is the number of particles in
Debye sphere. The first term in equation (2) indicate the
broadening due to the electron contribution and the second term
to the ion broadening contribution. The ionic term is negligible.
Then, equation (5) can be modified to simple form (Konjevi¢,
2002):

ar =2w ("e/ 1) (13)

The line emission (81 1nm) and its corresponding electron impact
width parameter was obtained from (Luo, 2015). To be w =
0.0904nm. The full width at half maximum (FWHM) of this
spectrum is shown in figure 12, was utilized after Lorentz curve
fitting (Coons, 2011). The (FWHM) of the line is equal to
(811.98-811.11= 0.86nm), this gives rise the electron
density n, = 0.86 x 10'%/0.1808nm= 4.805 x 10'¢ [cm3].

0.7 T T
0.6
0.8687 nm. N

054 s l811.4340 nm
B
& 044
2z
2 034
p_)
£

0.24

0.14

0.0+

700 720 740 760 780 800 820 840
Wavelength (nm) .
Figure
12 The emission line at 81 1nm used for obtaining electron

density.
The well resolved spectral lines of argon were used to extract the
electron temperature (T¢) and electron number density (nc).
Electron temperature as well as electron number density are
known to be independent of each other (Safeen, 2019). On the
other hand the condition of high pressure plasma (HPP) but local
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thermodynamic equilibrium (LTE) must be satisfied for the
validity of Boltzmann relationship. This condition allows
finding the temperature varying from place to place.
Generally, the plasma temperature was found by using two
lines method. We observed that widths and intensities of
identified spectral lines are directly related to magnetic field
and both quantities are directly proportional to each other.
The plasma temperature is calculated by changing the axial
magnetic field from (0-25) mT. The observed plasma
temperature varies from about 1700-1900K as shown in
Figurel3.

17904
17804
17704
17604 |
17504
1740 \ i
17304 |
17204 \-

1710 T T T T T T

Electron Temperature (K)

Magnrtic Field (mT)

Figure 13 Electron temperature versus magnetic field under
a 8x10"2 mBar pressure gas.

One of the important results here is that temperature of slow
electrons (i.e., Maxwell-Boltzmann part) slightly decreases
with enhancing magnetic field strength. While the fast-
electron of high energy at the same time much more affected.
Because the Electron paths are changed by a Lorentz force,
this deflection is a function of the product of magnetic field
intensity and electron velocity. Therefore, fast electrons are
deflected and affected more than slow electrons. Hence will
result in a higher number of excitations, ionizing and non-
collisions for fast electrons (Boogaard, 2006). In other word,
under axial magnetic field electrons 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 velocity of the electrons and its energy. The
results showed agreement with (Munther, 2015). The
magnetic field dependence of electron density was plotted in
figure 14, at different values of pressures.

534 | ]

5.2

-—"

Electron number density (X 1076 Cm*-3)

0 5 10 15 20 25
Magnrtic Field (mT)

Figure14. Electron density versus axial magnetic field under
a 3x102 mBar pressure.
When the plasma is subjected by an external axial magnetic
field, the degree of ionization can be increased due to the
confinement of the plasma charged particles. As a result of
Lorentz force , the electron path will increases, leading to
further frequent excitations and ionization collisions
(Mohammed, 2017). Therefore electrons are moving through
an axial magnetic field with helical paths around axial
magnetic field due to magnetic confinement (Hassouba,
2001) and (Nahox, 2001), thus it may gain enough
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acceleration to ionize gas atoms leading to increasing electron
density by inelastic collision with another particle (ion and atom
helium). The most important result here is that for pressures
(3.5x102,4x1072, ... 5.5x102) mbar the electron density increase
to saturation values approximately 5.5x10 ' cm™ with enhancing
magnetic field as shown in figure 15.
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Figure 15. Electron density versus magnetic field under a
5.5x10"? mBar pressure.

It is obvious that the plasma under magnetic field is affected more
noticeable at low pressure rather than high pressure, because at
high pressure the mean free path of electron A is very low and
increasing magnetic will further reduce A.. Consequently, the
number of electron excitation collisions with other plasma
charged particles is increased. Therefore, the electron will lose its
energy and goes nearly too constant value as found in figurel5.
Furthermore experimental result shows that the intensity of the
lines emission decrease according to increasing axial magnetic
field as illustrated from figure 16, because the applied axial
magnetic field leads to increase the apparent gas pressure due to
excitation and ionization collision of electron with plasma
charged particle the high energy tail electrons (represented in
energy distribution function are reduced (Boogaard, 2006).
Consequently, the intensity of line transition will decrease.
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Figure 16. Intensity versus magnetic field.

It is appear that the two parameters are decreases approximately
as an exponential function due to increasing gas pressure it is
agreement with reference (Eizaldeen, 2012) as shown in figures
17 and 18. The variation is attributed to the fact that at low
pressures, the electron temperature is much greater than the
temperature of the gas, Tc> T,. When the pressure in the plasma
increases, the energy transfer from electron to the neutral gas,
causing an increases in the temperature of the gas and decreases
of the electron temperature. The results show good agreement
with (KANEDA, 1978) and (Munther, 2015).
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Figure 17. Electron temperature dependence of pressure.

Figure 18 illustrate nearly the decreasing exponential
behavior of electron density versus pressure it can be
interpreted in term of excitation and ionization collisions of
atomic and ionic species in argon gas plasma. Enhancing gas
pressure, the electron of high-energy tail (fast electron)
represented in distribution function of electrons. The tail of
the electron energy distribution function (which represents
the high energy electron) shifted toward to the lower
energies. Hence the ionization, due to these highly energetic
electrons through collision with plasma particles, will
decrease.
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Figure 18. Variation of electron density with pressure.

Finally, another remarkable results is presented in figure 19,
refer to gas pressure role on the emitted lines intensity shows
that intensity of both chosen peaks (696.59 and 772.3) nm
increase sharply from low pressure to medium pressure
investigated and goes to nearly constant values of intensity
due to further increasing of pressure. The behavior of the
curve is indicated to the same reasons explained in
reference(Qayyum, 2003).Therefore, the intensity of line
transition due electron excitation collisions close to constant
values.
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Figure 19. Variation of line intensity with pressure.

4. CONCLUSION

The argon glow discharge (I¢- Vq) characteristics obtained under
several values of magnetic field and pressure represent ab-
normal region of glow discharge (positive resistance). These
characteristics shifted downward to lower values of breakdown
voltage due to increasing magnetic field. The latter effect is due
to magnetic confinement to plasma charged particles. The
electrical conductivity also increases according to both
enhancing magnetic field and gas pressure from (2.3 to 3.5)x102
mbar. This change in gas discharge characteristic can be
attributed to the transition from the lower values of pressure-
distance product of Paschen’s curve to the high values of this
product. The exert of axial magnetic upon (I-V) characteristic is
equivalent to the effect of pressure, because as the applied axial
magnetic field leads to increase the apparent pressure of the gas
due to excitation and ionization collision of electron with plasma
charged particle the high energy tail electrons (represented in
energy distribution function are reduced. It was found from the
experimental results that the two main argon plasma parameters
are reduced by enhancing gas pressure. It was confirmed that the
axial magnetic confinement has an effect to reduce the electron
temperature, contrary to that increasing the electron density.
Intensity of the selected lines decrease according to increasing
axial magnetic field, while, the variation with pressure it’s start
to increase and goes to nearly constant values according to
increasing gas pressure.
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