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Abstract

In this article, the effects of the O, ratio on the electrical characteristics,
including the |-V characteristic curve, Panchen’s curve, and I-P curve, were tested in
a sample of O,/Ar gaseous mixture . The sample was produced by plasma-based DC
magnetron sputtering with niobium metal as a target material. The inter-electrode
spacing value was 4 cm. Plasma diagnosis via the Optical Emission Spectroscopy
(OES) method was used to achieve Te and Ne mixture values of 20 %, 30 %, 50%,
and 70% in the Ar/O, system. The results showed that the discharge is operating in
the abnormal glow region and the discharge current was decreased by increasing O,
percentage. In addition, the experimental results showed that the discharge is
optimal at 30% gas ratio. It was found that the electron temperature was decreased
with increasing working pressure and increased with increasing the O, percentage,
while electron density was increased with increasing both working gas pressure and
O, percentage.
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1- Introduction

Plasmas have been employed in many important applications during the last years, such as those of
glasses, magnetic media, thin film material, semiconductor fabrication, etc [1, 2]. Glow discharge (G
D) is plasma with an ionized gas that contains negative or positive ions, in addition to more neutral
species [3]. Such systems have been achieved by applying different potentials between two
electrodes. The commonly utilized gas is argon [4]. The principle characteristics of plasma, for
example the Paschen law (V-pd), the I-P, and |-V characteristics, were studied as functions of inter-
electrode spacing and the gas pressure [5]. The Panchen’s law is expressed as:

Vir= f(pd) SOOI ()
BPd

Vbr = —— = f(pd)......... 2
Ln(APd) — LNn[LNn(@A+ » )]

It describes the breakdown voltage characteristic between P and d [6], and is also written as :
where A and B are properties of the gas and y (secondary electron coefficient) is a property of the
electrode material . From equation (2), the breakdown voltage depends on the product pd and does
not depend individually on p and d [7]. The voltage of breakdown also depends on factors such as type
of gas, cathode material, and magnetic field strength in the chamber.
There are many plasma diagnostic techniques that were developed to determine the concentrations of
different reactive species in plasmas; for example, optical spectroscopy, Langmuir probe, and mass
spectroscopy are used to calculate parameters of plasma, e.g. electron temperature (Te), electron
density (ne), etc. Plasma diagnostics does not have any influence on plasma due to obtaining important
information without sensors or detectors [8-10].

Te can be estimated by calculating the ratio of intensity of spectral lines for emission (1 and 2), as
in equation (3) [11]:

Ih_ 415122, (_ 51—52)
Iy Az g2 4 KpT,

Where I; and I, represent the intensities of the two spectral lines, A; and A, represent transition
probability of the two spectral lines, A; and A, represent wavelengths of the two emission lines, g; and
g, are the statistical weights of the two spectral lines, E; and E, are the upper level energies of the two
spectral lines, and KB is Boltzmann's constant. Te can be extracted from equation (4)

E1_E>
KBTe— ( Il) (AIHI‘EZ) ..................... (4)
In — —
Iz A2g24

Using equation (4), electron temperature can be calculated. The values of E;, E,, A, A;, g1and g,
are obtained from the National Institute of Standards and Technology (NIST). The n, can be
determined from Boltzmann -Sasha equation [12], as follows:

Eq{_E
Zmm K A (— M)
= (g yiX CR%20\ " KeTe ) x 7,y

h Az924
The values of E, A, and g for these lines were obtained from NIST [13].

2- Experimental part

This work was conducted by utilizing a DC plasma system. The diagram used to curry out the
electrical discharge characteristics of the circuit is illustrated Figure-1.
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Figure 1-The DC Plasma circuit

The electrode was placed in a chamber, while the pressure was controlled by a special tool (needle
valve). The voltage in this method was applied between anode and cathode, keeping the ground of
anode. By varying the value of p, the breakdown voltage (Vbr) occurs at many discharge values.
When different gases are used, the Vbr decreases with the increase in pd, whereas, after that, it
increases with increasing pd. When the breakdown occurs, the plasma is formed between the plates
and the current begins to flow through the system quickly. The voltage across the plates drops quickly
once the breakdown occurs. To obtain electrical characterizations, the DC was first ignited by
providing an over breakdown voltage with dc supply. The principle characteristics of plasma
discharge, such as the I-V, I-P , and Paschen law (\Vbr-pd) were studied as functions of inter-electrode
spacing and gas pressure in the chamber. Niobium (Nb)  with high purity (99.9%) was used as a
sputtering target. The target was 5 cm in diameter and 3 mm in thickness, while the distance between
the top electrode and the target was 4 cm. Ar/O2 mixture was introduced into the chamber at a
specified pressure by using a needle valve.
3-Results and discussion

I-V characteristic curve was drawn and demonstrated in Figure-2, at several O, ratios
(20%,30%,50%,and 70%) in Ar/O, gas mixtures . The gas pressure value was 0.075 mbar. The
applied voltage increase at the discharge current increase, the potential V is further increased, the
current rises rapidly. It is clearly evident from Figure-2 that all the devices were prepared in the
abnormal regime, the plasma behaves electrically rather similar to a Resistor [14]. Shown that,
increasing the O, percentage at the same gas pressure and applied voltage, the discharge current
decreases with increased O2 percentage in (Ar/O,) gas mixture. my be explained this state: the
ionization cross section of O, is smaller than of Ar [15] The negative ions at discharges oxygen, lead
to the decreases of the discharge current and electron density which due to increase of plasma
resistance.
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Figure 2-The discharge Volt — current curve at many O, percentage at 0.075mbar.

Changes of plasma characteristics can be worthy of attention when a small amount of oxygen was
added, so we get adequate information about the properties of oxygen plasma such as Vibrational,
molecular dissociation and rotational. VB were increased when the little amounts of O, was added and
resistance of plasma was increased because of high increasing of chamber pressure leads to the
increase of generation of ions and free species in glow electron affinity of O,, and also discharge
voltage was increased. The current-pressure characteristics of dc glow discharge for different ratio gas
at constant inter-electrode spacing (d =4 cm) for argon gas are shown in Fig.ure-3. The current was
varied by changing the working pressure with a fixed controller resistance. The I-P. Characteristics of
Ar gas discharge shows increment in glow discharge current with increasing the produced pressure in
reactor at constant applied voltage. This behavior result of the column, which leads to increasing the
probability of secondary electron emission. The decreasing of discharge current with high value of
working pressure attributed to reduce the mean- free path of gas discharge electrons resulted in the
increase of electron-neutral collision [16].
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Figure 3-The discharge current — working pressure curve at different O, percentage at of 700 Volt
Figure-4 explain Paschen curves of different Ar/O, gas mixture at distance between the electrodes

(4cm). The variation of the breakdown potential as a function of gas pressure, with V,, was increased
as oxygen gas increase. Electrical breakdown the of gases is the in the transition from an insulator to a
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conducting level. And they minimum voltage at which this transition occurs is called breakdown

voltage Vb [17].
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Figure 4-Paschen’s curves at different O, percentage.

Spectra of glow discharge were recorded in the wavelength range 200- 900nm. Figure-5 shows the
emission spectra in Ar plasma of glow discharge at working pressure 7.5x10-2 mbar, supplied voltage
of 700Volt and 4 cm inter-electrode spacing, these three charts are an example to show the variation of
line intensity as a function of gases ratio of mixture (Ar /O,).Oxygen ratio depends on lines under
study are shown in Fig. 5. The increase of these lines with O, increasing percentage was seen. From
figure 434.8 nm and 750.38 nm atomic argon lines have the same shape. The slight decrease with the
increasing of O, percentage or P was also seen.
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Figure 5-Emission intensity spectrum at different ratios of Ar/O, gases mixture
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From Figure-6 it can be found that the higher electron temperatures be constant with the lower
operating pressure. The decreasing of temperature with the increases in working P may be lead to
increases the number of collisions between the electrons When the working pressure within the
chamber, and the gas atoms increased. As a result of exchange the energy between the electrons and
gas particles the gas temperature increases by reducing the electron temperature. Also Figure-7 shows
that, the consequent the effect is that electron density becomes very high near the cathode due to
enhanced ionization rate.
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Figure 6-The evolution of electron temperature with working pressure.
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Figure 7-the evolution of electron density with pressure.

The supplied voltage of glow discharges plasma does also influence Te and ne. For Ar discharges
plasma, as shown at Figures-(8,9) influence of applied voltage is straight forward: an increase of Te is
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seen as ne decreases of the free electrons The increase of Te with dc power may be explained by
noting that there are usually two modes of operation. This is lead to electron attachment take the low
energy electrons. From Figures- (8, 9), the electron temperature increases (i.e electron density
decreases) with input applied voltage at constant pressure. The reason is the increasing input power
leads to the increase of the energy of the secondary electron ejected from cathode by ion
bombardment. The distribution of electron temperature is lower in 0.8mbar, which is because

collisions increasing between other species and electrons. [18]
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Figure 8-The evolution of electron temperature as a function of O, with applied voltage
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Figure 9-The evolution of electron density with applied voltage

481




Jabur et al. Iragi Journal of Science, 2021, Vol. 62, No. 2, pp: 475-482

Conclusion

In this article results showed that addition of O, to mixture of Ar/O, .At the value constant to V and
P, the characteristics of current and voltage show a Decreasing in current and increasing in plasma
density ,The best current value was at the ratio 30% .The Increase ratio of O, to Ar due to increase in
the values of breakdown voltage. The addition of O, lead to the electron temperature decrease and the
electron density increased with both increasing working gas pressure and O, percentage.
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