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ABSTRACT

Sputteringisthe process of depositingthinfilms on thesurface of a material usingplasma. Plasma
is created by adding extremely high energy to a surrounding gas, which turns into plasma. The
plasma is directed towards the material on which you want to deposit the films, and the plasma
particles interact with the material to forma thin film of the desired material. Oxygen plasma has
many important applicationsin industry. When adding a small percentage of it, it can change the
properties of the plasmasignificantly. In this research, the spectrum of the plasma generated from
the application of different energies (175,200,250,300) watts of direct current was studied on a
mixture of argonand oxygen gasesinaratio of (9: 1). The spectrumemitted fromthe plasmawas
measured Within the wavelength range (400-800) nm, the plasma parameters (Te, ne, AD, ND)
were diagnosed by examining the spectrum corresponding to the applied power using optical
emission spectroscopy (OES). The results showed an increase in the electron temperature and
electron density with the increase in the applied power. Where the highest and lowest values for
the electron temperature and density were respectively (1.645-1.305) eV, (26.03-25.36) x
10%7/cm3.
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various technological fields, there is an

Direct current (DC) sputtering is a thin film
deposition technique that uses ionized gas
molecules to steam (sputter) molecules off the
target material into plasma. DC sputtering is
considered the favorite technique for electrically
conductive target materials because of its low
cost and high level of control [1]. The reason for
the applications of Argon plasma discharges in

increasing interest in studying and characterizing
Argon plasma sources [2]. Many applications of
plasma physics are expected from the
characterization of Argon-Oxygen plasma. This
temperature range is neither close to the classical
low-temperature plasmas  generated in
atmospheric pressure gases by for instance glow
or dielectric barrier discharges (DBD) gripped
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by electron impacts fragmentation, ionization,
and excitation [3]. Many techniques have been
utilized in the diagnosis of plasma parameters
[4], which we include in the following Table 1
[51[6]. o
Table 1. Plasma diagnostic techniques.

Plasmas

parameters
AD, Mpe, Np, Te, Ne

Technical type

Langmuir probe
Interferometry

Mass spectroscopy,
Thompson dispersion method
Optical emission spectroscopy
(OES)

The experimental determination of the main
characteristics of the considered plasma is based
on new optical emission spectroscopy OES
characterization tools. This technique depends
on the analysis of the light emanating from
spectral from the excited state to the ground
state, characterized by speed and ease of
implementation without contact with the plasma
which may be affected by the plasma itself
[71L8].

A number of researchers used the optical
emission spectroscopy (OES) method to describe
the argon glow discharge plasma [9][10]. The
goal of multiple methods of plasma diagnosis is
to better understand and control plasma.

Plasma diagnostic  techniques focus on
elucidating the relationship between control
variables and plasma parameters [11].

Plasma Parameters
The properties of the plasma can be determined
by the plasma parameters [12].

Electron Plasma Oscillation (Qpe)

Plasma oscillation is the frequency produced by
the collision of charged particles with neutral
atoms, which causes charged particles to
oscillate at a specific frequency that depends on
the hydrodynamic and electromagnetic forces
present. This frequency is given by:

1

nge?\2
(L)p =

€,m
where ne= electron density, e=elementary
charge, m=electron mass €,= permittivity of free
space. This frequency is often given to electrons
because the frequency of positive ions is low
compared to the frequency of electrons because

(1)
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their mass is large compared to the mass of
electrons [13].

Debye Length (Lp)

One of the important characteristics of plasma is
charge neutrality. This means the negative and
positive charges are balanced. If we assume that
the charge density is zero everywhere inside the
plasma, then there should be no electrostatic
field. However, the potential is not zero inside
the plasma, although it is uniform. Thus, the
charged particles inside the plasma will
redistribute themselves, shielding the effect of a
small sphere called (Debye sphere). The Debye
length is the distance over which a charge
separate. It can be expressed as [14][15]:

1

€, kT, \2

Ap = ( ne? )

where &p: IS the permittivity of free space,
k :is Boltzmann's constant, e :is the charge of the
electron, n : represents the respective species,

and T.: electron temperature.

(2)

The Typical Number of Particles (Np)

The number of particles (Np) present in a Debye
cloud can be found by assuming that this cloud
has a spherical shape [16]:

Ny = n§n/13[’, (3)

Where n=plasma density.

Electron Temperature (T.)

The Boltzmann diagram method involves
calculating the proportionate intensities of
different emission lines, and the electron
temperature associated with the linear fitting
slope can be estimated using the following

equation [17,18]:
~(- )+
“\Tir) T
1
kpTe

4ji g,
slope = —

Where C is a constant, A;i is the wavelength of the

emitted light, and Ay;i is the transition probability.

(4)

Electron Density (ne)

One of the key characteristics of spectral line
broadening that provides the electron density
with the known electron temperature of plasma
is stark broadening [19][20]. The following
relationship is used to calculate the electron
density using Stark broadening:


https://www.sciencedirect.com/topics/chemistry/vacuum-permittivity
https://www.sciencedirect.com/topics/engineering/boltzmanns-constant
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n, =expexp (44.2476 + 1.20 InAA — 0.6 InT,)  (5)

Where T. is the electron temperature and n. is the
electron number density in cm= [21][22].

MATERIALS AND METHODS

DC reactive sputtering was used to create the
plasma. The system includes an evacuated
chamber, a titanium target as the cathode, and a
disk made of the alloyTi6Al4 (one of the titanium’s
alloys. It is composed of 90% titanium, 6%
aluminum and 4% vanadium).as the anode. An
electricfieldis created for the gas discharge by the
cathode that is facing the anode. The target
(titanium) diameter is 5 cm, and the distance among
the two electrodes is 4 cm. Argon gas and oxygen
are combined in the same tube to produce this
discharge (Ar:O2, 9:1). The working pressure was
equal to 4 x 102 mbar and applied sputtering power
has been varied in the range (175, 200, 250, and
300) Watt.

AAA-
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Optical Emission Spectroscopy (OES) is a method
used for optical diagnostics of reactive sputtering-
generated plasma. The radiation released from the
plasma is collected using a spectrometer with a
spectral resolution (FWHM) of (>2.5 nm) and an
optical system that includes a spectrophotometer
and optical fiber that is coupled to collecting lenses
(K-MAC Spectra Academic- Korea Material and
Analysis group). as a shown in Figure 1.

RESULTS AND DISCUSSION

The variation in the power, and plasma
characteristics of a glow discharge in the (Ar/O5)
gas mixture was the subject of this paper. The
Spectrum of plasma as a function of the applied
sputtering power, the SCDP contains intensities of
plasma spectrum, electron temperature, and
electron density. Spectroscopic data are shown in
Table 2. According to the (National Institute of
Standards and Technology Atomic Spectra
Database) (NIST) [23].

Computer

Il B
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Figure 1. System for Plasma Diagngstics and DC Sputtering Experiment.

Table 2. Ar line spectroscopic data utilized in the
Boltzmann plot method

Species |Wavelength (nm)| A, x108(s™)| E,(ev) | gk
All 417 4.80E+06 | 19.6103| 4
All 424.8 2.00E+05 | 18.734 | 6
Al 694.68 3.08E+06 | 13.172 | 1
Al 747.786 2.20E+04 | 13.2826| 3
All 807.524 1.40E+05 | 14.8388| 5
Al 837.551 2.40E+05 | 14.7805| 7

Spectrum of a typical Argon discharge plasma
obtained under previous operational circumstances
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(The working pressure was equal to 4x102 mbar
and applied sputtering power has been varied in the
range (175, 200, 250, 300 Watt) is shown in Figure
2. Itis evident that the intensity of spectral lines of:
Arl and Arll increases when the sputtering power
is increased. The electron-neutral impact excitation
rate will rise as the power is increased since this
increases the ionization level and electron energy.
By striking other particles, the electron excites
them and transmits energy to them. Atoms and ions
emit spectral lines by de-excitation.
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Electron temperature T. was calculated by using
Equation (4) for different applied sputtering
powers. Figure 3 shows Boltzmann plot method for
several spectral lines that illustrates the relationship
between different sputtering powers (P) and the
electron temperature T, (eV). It demonstrates an
increase in electron temperature Te as sputtering
power isincreased. This fact can be clearly justified

electron temperature with applied sputtering power
under constant pressure. It is evident that the
electrontemperature rises, whichis explained by an
increase of electron-argon atom collisions. which is
because the electric field increases, and the
acceleration and momentum of the electrons
increases, with increased applied sputtering power.
The increasing of T leadsto increases in the values
of the Debye length and the number of electrons.
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Figure 2. The spectraintensity of Argon plasmawith differentsputtering power.
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Figure 3. The electron temperature for different values of Sputtering power.
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Table 3. The plasma parameters for different sputtering

power.
P Nex1017 | £,x102 |p x105] Ng
wat)| T emy) | i) | em) | x108
175 | 1.304 | 2536 | 14.300 | 0533 | 1.607
200 | 1.597 | 25.70 | 14.397 | 0.583 | 2.138
250 | 1.645 | 26.03 | 14.487 | 0588 | 2.219
300 | 1.685 | 26.31 | 14.566 | 0592 | 2.289

Equation 5 used to count the plasma electron
density (ne) using stark broadening. Figure 4
demonstrates that the electron (ne) density rises
with an increment of applied power. This
observation has the following explanation:

The increase of sputtering power leads to excess;
the cathode emits more electrons, and the energy
of those electrons also rises. The electron exerts
its energy by interacting with other particles and
exciting them, which results in the production of
new free electrons and positive ions, hence the
incrementing in the ionization processes leads to
the excess density of electrons. In addition, the
electron density increases with increasing
applied power. This is consistent with earlier
studies [24-26].

y = -3E-05x* + 0.0232x + 22.349 y =-4E-05x2 + 0.0226x - 1.3202

R? = 0.9909 R*=0.8721
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Figure 4. Variation of electron temperature and electron
density with applied power.

CONCLUSIONS

In this study, an (Ar/O2) plasma was generated
with a ratio of 9:1. The manipulation of the DC
power supply system within the range of 175 to
300 Watts resulted in heightened intensity of the
plasma spectrum. Specifically, the intensity
value of the primary spectral line at 807.524 nm
exhibited an escalation from 3100 counts at aDC
power supply of 175 Watts to 5000 counts at 300

Watts. Concurrently, an elevation in plasma
temperature was observed with the augmentation
of the DC power supply. Furthermore, a marginal
increase in Debay's length was noted as the DC
power supply for the system was increased.

The gradual augmentation of the DC power
supply system, ranging from 175 to 300 Watts,
induced an elevation in the densities of both
electrons and ions. This increment signifies a
potential amplification in the sputtering process
of the target material.
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