On the Plasma Parameters in Co- Sputtering Discharge

ABSTRACT

In this work, a DC planar sputtering system has been successfully designed,
manufactured and assembled. The glow discharge plasma chamber was made of
stainless steel with a length of 40.5 cm and a diameter of 28 cm. This chamber
consists of two Co- planar sputtering targets made up of copper and Aluminum each
of diameter of 4.8 cm. The systems have been tested with the pressure of 6x10” mbar.
The plasma parameters like electron temperature T, electrons density n., ions density
n; , plasma potential Vp and floating potential Vg were measured using single
Langmuir probe with different gas pressures and distances between the electrodes.

It is found that the electron temperature decreases and electron density increased
with increasing the argon gas pressure and increasing the electrodes.
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1-Introduction:

Sputter deposition is one of the most important preparation methods which can
be controlled the composition of alloy films and increase the adhesion of film to
substrate. Co-sputtering of materials offers an important alternative to complex and
sometimes impossible alloying of metallic materials for a single sputtering
target.[1],It is possible to configure a sputtering system such that two different target
materials are sputtered, with the power to each of the targets controlled
independently. Co-sputtering of two different materials has typically been
accomplished with ion beam sputtering or the use of RF or DC supplies to deliver
power to sputtering targets in diode or magnetron configuration [1,2]. For alloys a
sputtering system with two angled targets facing the same substrate may be used. If
the two targets are simultaneously used during a single sputtering process, alloy films
can be prepared using co-sputtering and the composition of alloy films can be simply
controlled by adjusting the ratio of the powers applied to the two targets [3].

Plasma diagnostics are used to deduce information about the state of the plasma
from observations of physical processes and their effects. The information is used to
verify performance of the experiment and for control of the plasma volume regarding
its topology and boundary. This is done in terms of a number of plasma parameters
[4,5]. Among various electrical diagnostics, Langmuir probe is the most widely
used, because it provides a simple and relatively cheap technique for measuring
plasma parameters in low-pressure plasmas. The probe characteristics help to obtain
information about the electron and ion number densities, electron temperature and the
plasma potential [6, 7].

Langmuir probe is a single electrode where one conductor is inserted into the
plasma. The probe is a conducting wire typically made out of a high temperature
metal such as tungsten or nickel, and is surrounded by an insulating sleeve, usually
made out of a ceramic such as alumina. The conductor extends out of the insulator



some distance to form the probe area. A low pressure plasma is defined as one in
which a probe of sufficiently small diameter produces a negligible disturbance to the
carrier concentration and in which the great majority of the applied probe to plasma
potential is developed across a region that is much thinner than the carrier mean free
path[ 8].

Plasma parameter can be calculated using I-V characteristic curve obtained by
applying various probe biasing voltage to the probe tip and recording their
corresponding current. Langmuir probes provide reliable electron temperature and
density measurement in relatively cool, low-density plasmas [9].

Child’s Langmuir law can be applied to calculate probe current corresponding to the
various values of probe potentlallJFIO ,11].

Ip= (1)

Where V, is applied biasing voltage, I, is probe current at any biasing voltage and
L, is probe current at zero biasing voltage.
The electron temperature T, is calculated as [10,12]:
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Electron density can be calculated by the relation given below [9]:
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where A is the area of the probe tip inside the plasma and m. is the mass of
electron temperature.
Debye’s length can be calculated from the formula [10,12]:
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Plasma frequency can be calculated as [10,13]:
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Also, the ion plasma frequency given by:
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The number of particles Np, in air as well as under vacuum is calculated by the
formula [12]:

Np == " A (7
2-Experimental technique

The chamber is made up of stainless-steel with 28 cm in diameter, 40.5 cm in
height and 0.4 cm thickness and designed in a cylindrical shape with one open ends.
The chamber has a groove in the medial with dimension 0.5 cm width and 0.5 cm
depth with O-rang. It contained three Pyrex windows with thickness of about 3 cm
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and diameter of about 10 cm in different levels (the dimension of the chamber is

shown in fig.1).
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Fig.(1) The Chamber diagram
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Chamber was pumped by two- stage rotary Vane Vacuum pump (model Varian
DC302) to a base pressure of about 107 mbar , after which it was pumped by oil

diffusion pump to a base pressure of 10”° mbar.

We were designed and constructed a target from aluminum and copper metal with
diameter 4.8 cm and thickness 1 cm for each target .Targets carried on the platform

of variable angles as shown in Fig.2.
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The Teflon was used as a cover with thickness of 4 cm and 5 cm diameter. Fig.3
show the Teflon target diagram.
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Fig.3. The target diagram

The probe consist of a tungsten wire of 4 mm in length and 0.5 mm in diameter,
which are covered by a thin glass tube with outer diameter of (Smm) to insulate it
from the plasma expect for a short length of exposed tip . Special designed are
made for Langmuir probe to moving in 2D for plasma diagnostic. Fig. 4 show
(a)Langmuir probe with its stand and (b) Langmuir probe setup in system.

Fig.(4) (a) Langmuir probe with its stand and (b) Langmuir probe setup in system.
3-Results and discussion

One of the assumptions made in probe theory is that the plasma is homogenous
and large in dimensions compared to the mean-free path of the electrons. The mean-
free path of electrons is inversely proportional to the mean collision probability for
electrons. In the low-pressure (< 0.2 mbar) plasma investigated here, that the mean



free path of electrons has to be reasonably long but shorter than the distance between
the electrode while the transverse dimension of our reactor is Scm.

From Langmuir probe I-V characteristics we can calculate the variation of
electron temperature, electron density, floating potential, and plasma potential as a
function of argon gas pressure and distance between the electrodes. The probe current
was calculated using equation 1. It was observed that probe current decreases with the
decrease of biasing voltage. This may be due to the fact that positive sheath of ions is
reduced as more electrons reach the probe tip, thus neutralizing the ions. In this way,
the peak for electrons increased because new primary electrons are further producing
electrons. Thus multiplication of electrons occurs. Also an increase in the biasing
potential causes an increase in the number of electrons collected by the probe tip
which may also be one of the reasons of increase in the probe potential .

3-1 Electron temperature and electron density

Electron temperature was obtained by plotting the logarithm of the collected
probe current versus probe voltage for the electron retardation region. The slope of the
Inl, vs V curve in its linear region gives the electron temperature[14,15]. The
variation of Electron temperature T, and Electron Density n. as a function different
gas pressures and distance between electrodes were shown in Figs.(5 ).
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Fig.(5) The variation of Electron Density n. and electron temperatures T, as a
function of Argon gas pressures at distance (a) 4cm. (b) 6cm. (c) 8cm..

It can be found that the electron temperature decreases with the increase of gas
pressure from (0.3 -0.6 ) mbar . With the increase of gas pressure, electrons mean free
path will become short. This will result in increased electronic inelastic collision and
make the electron energy loss. It can be noticed that the electron density increases
with increasing the pressure as shown in table (1).

Table (1) The variation of Electron Density with different gas Pressures &
distances .

Electron Density n, (m'3)

Distance Pressure
(cm) (mbar)

Al-target Cu-target Al-Cu region
(x10") (x10") (x10")




It is well known that the gas pressure has a major effect on the discharge plasma
parameters. When the pressure increases, there are more neutrals present, hence the
distance between collisions (mean free path) decreases and less energy is gained
between collisions and consequently the increase in the number of collisions means
the frequency of ionization will increase leading to an increase in the density[16].Also
it can be say that at a higher gas pressure the plasma density becomes greater and
more electrons can be confined. At the same time plasma density increases as pressure
increases that is related to increase of discharge current. This working pressure effect
on plasma density can be explained in term of the electron temperature equation (1 )
[17].

3-2 Ion Density

When the bias voltage Vg, on the probe is sufficiently negative with respect to the
plasma potential Vp, the probe collects the ion saturation current (Iis). Positive ions
continue to be collected by the probe until the bias voltage reaches Vp, at that point,
ions begin to be repelled by the probe. For Vp>> Vp, all positive ions are repelled, and
the ion current to the probe vanishes, Ii= 0. The ion density in Ar plasma can be
calculated corresponding to orbital motion limit theory. Ion density was calculated by

plotting the I>  vs. probe voltage curve for the ion collection range . The slope of the

linear region of these Ip2 vs Vp curves was used to calculate the ion density. The
variation of ion density as a function of gas pressure across the glow discharge
chamber shown in Fig.(6).
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Fig.(6) The variation of Ion Density n; (m™) as a function of Argon gas pressures
and distance.

Table 2 indicate that the ion density was increased with increasing of gas pressure.
This is due to the frequency of collisions became higher where the electrons suffer
collisions with neutral particles, then ionizing them. They lose their energy and
accelerated according to the electron field therefore they gaining again energy and
producing ionization[18].

Table (2) The variation of Ion Density with different gas Pressures & distances.

Ion Density n; (m'3)
Distance Pressiire (I e ——
(cm) (mbar) Al-target Cu-target [l Al-Cu region
(x10°) (x10%) (x10°)

5.90

8.77
13.7

3-3 Debye length

Debye length is evaluated by substituting the experimental data of T, and n. into
equation 4. Debye length increases with the increase of the electron temperature
as shown in Table (3).



Table (3) The variation Debye length Ap with electron temperature at different gas
Pressures and distances.

Al-target Cu-target Al-Cu region
Distance Pressure

(cm) (mbar)

3-4 plasma frequency (®y.)

According to Equation 5 and 6 it can noted that the plasma frequency (wp.)
increases with increase gas pressure . The value of plasma frequency greeter than ion
frequency (wp;) as shown in Table (4).

Table (4) The variation of plasma frequency (wp.) and lon frequency (wp;) at
different gas Pressures and distances.

frequency

Distance Pressure

(cm) (mbar) Al-target Cu-target Al-Cu region

(mne) (mpi) (mne) ((Dpi) (mne) ((Dni)
(x107) (x10% (x107) (x10% (x107) (x10%




3-5 Number of Particles

The Number of particles (Np) in a Debye sphere calculated using Equation 7. Np
decreases with increases gas pressure at different distance . Table ( 5) show that the
variation of Number of particles(Np) in a Debye sphere at different gas Pressures
and distance.

Table ( 5) The variation of Number of particles(Np) in a Debye sphere at different
gas Pressures and distances.

number of particles Ny
Distance Pressure
(cm)

(mbar) Al-target Cu-target Al-Cu region

(x107) (x107) (x107)

3-6 Floating Potential and Plasma Potential

Plasma potential (Vp) is one of the most important plasma parameters which
indicate the incident energy of ions upon substrate. A low Vp will lead to low
substrate temperature and weak ion bombardment damage to deposited films. The
variation of plasma potential with gas working pressure for argon gas is shown in
table 6. The plasma potential decreases with increasing argon pressure , while it can
be observed from this figure that the floating potential increases with increasing of
gas pressure , this result is good agreement with previous studies [15]. For a high gas
pressure the plasma density becomes greater and more electrons can be confined, so
V, will decrease more as show in Table (6) .



Table ( 6) The variation of Plasma Potentials (V) as a function of Argon gas pressures
and distance

Distance Pressure S —
Al-target Cu-target Al-Cu region

The floating potential V¢ is defined by I; = Ie. It can been observed from these
table that the plasma and the floating potentials decreases with increasing  gas
pressure and distance between two electrodes and the reason, is that the increase of
the magnetic field will cause an increase of number of electrons compared with that of
ions. When the electrons are accumulation the number of electrons on the surface
decreases, this will lead to the decrease of plasma floating potential and then the
decrease of plasma potential. Debye length increases with the increase of the electron
temperature.

4 conclusion

A comparative investigation was carried out of the discharge characteristics(
current-voltage characteristic and dependence of the running voltage on the gas
pressure at constant discharge current, as well as of some plasma parameter ( like
electron temperature Te , electrons density ne ,ions density n;, plasma potential Vp
and floating potential Vi) were measured using single Langmuir probe with different
gas pressures at different distance between the electrodes in Argon a cylindrical
systems for Co-sputtering with Al-Cu targets. It was found that the electron
temperature , plasma potential decreases and electron density, ion density and plasma
frequency increased with increasing the argon gas pressure. The value of plasma
frequency greeter than ion frequency ()
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