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Abstract: The present study represents a review article and a complementary study to a published paper of direct current hot
cathode and hollow anode argon glow discharge plasma at different pressures in the range 0.05 - 0.8 mbar. The glow discharge
usually obtained by applying a high voltage between the electrodes sufficient to occurring breakdown of argon gas and
sustaining the discharge. Additional estimation of some plasma parameters, ion temperature, degree of ionization and electron
energy distribution function as well as some characteristics of glow discharge under the influence of pressure and filament
current has been done. Plasma parameters have been calculated using single probe method at fixed discharge current
[4=1.88mA and diameter of hollow anode. Furthermore a computer MATLAB program is applied for this purpose. Results
show that the average discharge voltage increases while its average discharge current decreases according to the increasing of
the filament current. On the Contrary the average discharge voltage decrease nearly exponentially whiles its average discharge
current increases according to increasing of the gas pressure. Degree of ionization starts to increase from low pressure to
medium and then tends to decrease toward high pressure investigated. However it starts to increase to maximum value at
filament current 0.9A then tends to decrease at higher current and low pressure. While for high pressures there is no
significance change. Ion temperature increases slowly with filament current up to 0.9A and then sharply increases to maximum
value at 1.5A. But it decreases for pressures in the range 0.05 - 0.09 mbar and then increases with gas pressure. Electron
energy distribution function (EEDFs) decrease according to increases filament current, however, it starts to increase from low
pressure to maximum value at medium pressure then tends to increase according to further increases of pressure.
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emission electron has been got by heating a wire filament,
accelerating the electrons by high voltage, and ionizing the
analyzed molecules [4]. In such a system, the filament
emission current and the ionization rate therefore, one needs
to control this. [5], investigate experimentally the influence of
hot filament localized behind the cathode on the electrical
breakdown characteristics of argon and nitrogen gases. The
results show that an increase of filament current causes
decrease of breakdown voltage which is more pronounced in
lower pressure [6], study the ways to produce and control the
formation of electron energy distribution function (EEDF) in
direct current discharge with hot cathode. The direct - current
discharge glows in helium and sustained by the electron

1. Introduction

Hot cathode discharge plasma with negative ions is widely
used in fusion research, development and in modern plasma
processing technologies [1]. The detail of a gas discharge by a
hot filament cathode has been studied by many researchers [2],
directly heated high temperature cathodes of refractory metals
such as tungsten run electric current of more than several tens
of amperes. The electric current makes magnetic field around
the cathode wire and the magnetic field cause inhomogeneous
emission of electrons from the cathode. Very low electron
temperatures have been obtained by [3]. A thermionic
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current emitted from the heated cathode. [7], designed and
constructed a hot cathode plasma source for a 5- centimeter
diameter ion beam source. The ion source can be used in ion
beam sputter and deposition applications. [8], study the
influence of the cathode heating from external heat source on
the APGD parameters. The results show that additional
cathode heating can strongly influence the parameters of the
cathode region.

The objective of the current study is a review article and an
extension to the published paper [10], to investigate
experimentally the effect of filament current and argon gas
pressure on some characteristics of glow discharge as well as
upon additional plasma parameters, ion temperature, degree of
ionization and electron energy distribution functions at a fixed
discharge current (I;=1.88mA) and diameter of hollow anode
at different working gas pressure.

2. Experimental Equipment

The discharge cell consists of two movable opposite
electrodes enclosed in a cylindrical Pyrex glass tube of 5 cm
diameter and 25 cm length. Both sides of tube are opened in
order to move the electrodes through them to obtain good
homogenous discharge and also to a fixed distancell2 mm.
Two cylindrical plastic rubbers were used to close both sides
of the chamber to prevent the leakage of gas as well as to insert
the electrodes through them. Hollow anode is made of copper
metal of hollow cylindrical shape of 4cm inter diameter and
3.5cm of hollow depth. Cathode filament was manufactured
from tungsten of 1.5cm spiral diameter and Scm length. The
Leybold TRIVAC E vacuum pump (dual-stage rotary vane
vacuum pump) was used to evacuate the system to an ultimate
pressure 0.00986 mbar. Single probe was constructed from
tungsten wire of radius 0.1mm and the length of 6mm which is
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exposed to discharge. This in turn, inserted to the chamber
through a glass tube. "Fig. 1", shows the circuit for measuring
the current—voltage characteristics of glow discharge as well
as of single probe. The experiments were carried out firstly to
evacuate the system to base pressure of 0.00986 mbar. A
continues dynamic flow of argon gas (of purity 98%) was let
in the system through a needle valve to control the argon gas
flow at the desired pressure and thermocouple vacuum gauge
is used for measuring pressure. Discharge voltage has been
supplied to the electrodes system by a DC power supply (3B
power supply U21060), which is a variable power supply of
range (0-6000) V, sufficient to make breakdown and obtain the
glow discharge. Filament was heated using a DC power
supply (3B power supply U21060); it is a variable power
supply of range of (0-24) V and maximum current 20A. A
digital multi-meter (Mastech M9803R True RMS millimeter)
ammeter and voltmeter were used to measure the (V-I)
discharge characteristics under different gas pressure and
filament current. The non-linear protective resistor (lamp) was
used to limit the discharge current and avoid the streamer to
pass through the chamber to make the spark breakdown [9].
The probe voltage is obtained from (220-50 HZ), AC power
supply bias the probe about 100 Volt using isolated
transformer as shown in "fig. 1". Also a direct resistance (10
kQ) is used to convert the voltage to real value of current
through MATLAB program. The capacitor (C50 SAMER
29539) was used to reduce the phase difference in (I, — V)
characteristic of probe. The x-y recorder (oscilloscope) traces
the (I, — V,) characteristic of the probes, and the voltage on the
probes is recorded on the x-axis, while the current through the
probes is recorded on the y-axis, as the voltage drop across the
resistance of value (10 K). More details about the equipment
and experimental work are reported by [10].
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Figure 1. Discharge electric circuit.
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3. Experimental Results and Discussion

"Fig. 2"and "fig. 3", describe an average of voltage and
current versus filament current at pressures 0.03, 0.04 and
0.06 mbar. It appears from the figures that increasing filament
current causes increasing of average voltage and decreasing of

average current, in other words, discharge resistance increases.
The latter, means that increasing emitted electrons from the
filament enhances the negative space charge near the anode
and consequently the discharge voltage increases as well as its
resistance [11].
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Figure 2. Average voltage versus filament current.
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Figure 3. Average current versus filament current.

The average voltage and current are plotted as a function of
pressure is shown in "fig. 4" and "fig. 5". It is appear from the
curve that the average voltage is nearly decreasing exponential
with pressure in the range 0.026 - 0.079 mbar. Because this

range of pressure represents the left hand branch of Paschenc’s
curve and the breakdown versus pressure close to decreasing
exponential. It was also observed that average current
increases with the increasing pressure.
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Figure 4. Average voltage versus pressure.
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Figure 5. Average current versus pressure.

Degree of ionization represents the ratio between the
ionized and the neutral particle of the plasma was obtained
using the following equation.

a ==L (1)
n

Where n; and n are the density of ionized and neutral particles
respectively [12]. "Fig. 6", shows the degree of ionization

versus gas pressure at different constant filament current. As
shown in the figure the degree of ionization increases from
pressure 0.05 to 0.09 mbar and tends to decrease for higher
pressure investigated. This is because this range of pressure
represents the left hand branch of Paschen’s curve approaching
to minimum point (which is represents high o) and towards
higher range of pressure that is in the right hand branch of
Paschen’s curves [13].



34 Sh. Kh. Al-Hakary: Sh. Kh. Al-Hakary. Effect of Pressure and Hot Filament Cathode on Some
Plasma Parameters of Hollow Anode Argon Glow Discharge Plasma

14
12 —o—filament current = 0A
Q 10 —&—filament current =0.3 A
x
3
c 8
2 = =filament current = 0.6 A
2
s 6
©
3
. 4
()
©
2 \’\
ol
0
0.05 0.07 0.09 0.2 0.4 0.8
gass pressure (m bar)

Figure 6. Degree of ionization versus gas pressure.

Degree of ionization was plotted as a function of filament
current at different constant pressures. "Fig. 7", show that the
degree of ionizations according to increasing filament current
increases from zero up to 0.9A and then decreases for higher
filament current. Since at this range of current, the emitted
electron from the cathode contributes to the ionizing collision
and consequently the degree of ionizations increases.
Furthermore the increasing of filament current thickens the

negative space charge near the anode leading to non-ionizing
collisions of electron with other plasma particle [11]. This
behavior is in well agreement with the previous study [14].
But at high pressures investigated 0.2, 0.4 and 0.8 mbar as
shown in "fig. 8". The variation is similar to "fig. 7", for the
pressure 0.2mbar, while for the pressures 0.4 and 0.8 mbar,
there is no effective variation as shown in figure.
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Figure 7. Degree of ionization versus filament current.
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Ion temperature has been calculated using the following

equation:
KT m.T
V,=| == |In| —== 2
! [zj [Mizj ¥

Where T, and T; are electron and ion temperature of masses
m, and M; respectively [15]. "Fig. 9", represents the variation
of ion temperature with the filament current and there is no
significance increase of ion temperature up to filament current

0.9A due to ionizing collisions of electrons with other particle
and increasing electrons density. Increase of filament current
will enhance ion temperature, since latter increasing filament
current will increase the negative space charge. Therefore the
number will enhance of non-ionizing collisions of electrons
with the ions and others plasma particles, and then the ions
temperature will increase according to that. Also ion
temperature was plotted against the gas pressure as shown in
"fig. 10".
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Figure 10. lon temperatures against gas pressure.

"Fig. 10", show that the increasing gas pressure from 0.05
to 0.09 mbar causes decreasing ion temperature due to
decreasing electron temperature and then tends to increase
according to increase of electron temperature [10]. Electron
Energy distribution function (EEDFs) is one of the most
important property for fusion and processing plasma. As
various properties of plasma depends on different part of
(EEDFs) such as diffusion coefficient depends on the bulk of
the (EEDFs) and ionization or excitation rates depend on the
tail of the (EEDFs), the determination of the whole
distribution is compelling for a  comprehensive

characterization of a plasma [16]. Measurements of the
(EEDFs) are important in determining the plasma parameters
and for optimizing the processes used for various applications
[17]. Electron energy distribution function (EEDFs) plays an
important role in plasma modeling. Various approaches can be
used to describe the (EEDFs), such as Maxwellian,
Druyvesteyn, or using a solution of the Boltzmann equation,
as well as it is essential in plasma modeling because it is
needed to compute reaction rates for electron collision
reactions. This is because electron transport properties can
also be derived from the (EEDFs) [18]). In the present study
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the (EEDFs) are calculated according to both Maxwellian and
Druyvesteyn formulas respectively [12].

-1.5w

F(E)=2.07(E, )" * E"? exp —— ] ©®
_ 2
F(E)=1.04(E,) " E"? exp % @)

av

Where E,, and E are the average energy and energy of
electron respectively. "Fig. 11", show the electron energy
distributions function versus filament current at different gas
pressure. The plots indicated that (EEDFs) decrease with the
increasing filament current, the amount of high energy
electrons decreases. The latter effect is attributed to enhancing
the negative space charge near the anode [10].
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Figure 11. EEDFs versus filament current.

Later the (EEDFs) are plotted against the gas pressure for
different filament current as shown in "fig. 12". It appears
from figure there are a few amount of high energy electrons at
low pressure and the amount of low energy electrons increase
with increasing pressure approaching to 0.09 mbar, then the
amount of high energy electrons tends to decease according to
further increasing gas pressure, since the electron can transfer

almost all its energy to the heavy particle due to inelastic
collisions creating an energetic plasma species [12]. Therefore
it can be concluded that there are three groups of electrons:
group of high energy electrons at low, group of high pressures
and group of low energy electrons at medium pressure
investigated [10].
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Figure 12. EEDFs as a function of pressure.
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4. Conclusions

Estimation of some plasma parameters of direct current hot

cathode and hollow anode of argon glow discharge plasma at
different pressures in the range 0.05 - 0.8 mbar has been
carried out. The experiments were conducted under the
influence of both pressure and cathode filament current. The
most important results are as follows:

1.

The average discharge resistance increase according to
increase of average voltage and decreases of average
discharge current, it decrease nearly exponentially
according to increasing gas pressure.

. Degree of ionization starts to increase from low pressure

to medium and then tends to decrease toward high
pressure. It is variation according to increasing filament
current increases from zero up to 0.9A and then decrease
for higher filament current.

. There is no significance increase of ion temperature up to

filament current 0.9A due to ionizing collisions of
electrons with other particle and increasing electrons
density. Moreover increase of filament current will
enhance ion temperature

. Electron energy distribution function (EEDFs) decrease

according to increasing filament current.

. There are three groups of electrons: group of high energy

electrons at low pressure, a group at high pressures and a
group of low energy electrons at medium pressure.

. For low filament current and low pressure the obtained

values of (EEDFs) using Druyvesteyn’s distribution is
higher than what using Maxwell’s distribution.

. It can be concluded that the Druyvesteyn’s distribution

gives reasonable indication of (EEDFs) at low pressure.
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