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ABSTRACT

In this work, a DC planar sputtering system le®n successfully designed,
manufactured and assembled. The glow dischargenplashamber was made of
stainless steel with a length of 40.5 cm and a dtamof 28 cm. This chamber
consists of two Co- planar sputtering magnetrodapted with copper and Aluminum
targets each of diameter of 4.8 cm. The systems haen tested with the pressure of
6x10° mbar. The plasma parameters like electron temperdt, electrons densityen
ions density n, plasma potential ¥and floating potential ¥ were measured using
single Langmuir probe with different gas pressuessl distances between the
electrodes. It is found that the electron tempeeatlecreases and electron density
increased with increasing the argon gas pressuce vanying distance between
electrodes .
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1-Introduction:

Sputter deposition is one of the most imguaripreparation methods which can
be controlled the composition of alloy films ancriease the adhesion of film to
substrate. Co-sputtering of materials offers anortgmt alternative to complex and
sometimes impossible alloying of metallic materfaksa single sputtering target [1].

It is possible to configure a sputtering eystsuch that two different target
materials are sputtered, with the power to each th#d targets controlled
independently. Co-sputtering of two different matksr has typically been
accomplished with ion beam sputtering or the us®Bfor DC supplies to deliver
power to sputtering targets in diode or magnetromfiguration [1,2]. For alloys a
sputtering system with two angled targets facirgy $hme substrate may be used. If
the two targets are simultaneously used during@esisputtering process, alloy films
can be prepared using co-sputtering and the catrgosf alloy films can be simply
controlled by adjusting the ratio of the powerslegapto the two targets [3].

Plasma diagnostics are used to deduce iafttsmabout the state of the plasma
from observations of physical processes and thfdcks. The information is used to
verify performance of the experiment and for contifthe plasma volume regarding
its topology and boundary. This is done in term&afumber of plasma parameters
[4,5]. Among various electrical diagnostics, Langr probe is the most widely
used, because it provides a simple and relativegap technique for measuring
plasma parameters in low-pressure plasmas. Thes piofiracteristics help to obtain
information about the electron and ion number desssielectron temperature and the
plasma potential [6, 7].

Langmuir probe is a single electrode where oanductor is inserted into the
plasma. The probe is a conducting wire typicallydmaut of a high temperature
metal such as tungsten or nickel, and is surroutgedn insulating sleeve, usually
made out of a ceramic such as alumina. The condestends out of the insulator
some distance to form the probe area. A low presplasma is defined as one in
which a probe of sufficiently small diameter prodsi@a negligible disturbance to the



carrier concentration and in which the great majasf the applied probe to plasma
potential is developed across a region that is nthicimer than the carrier mean free
path[ 8].

Plasma parameter can be calculated usingcharacteristic curve obtained by
applying various probe biasing voltage to the prdie and recording their
corresponding current. Langmuir probes provideald$ electron temperature and
density measurement in relatively cool, low-denpigsmas [9].

Child’s Langmuir law can be applied to calculately@ current corresponding to the
various values of probe potential [10,11].
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Where V, is applied biasing voltage, lis probe current at any biasing voltage, T
is temperature , k is Boltzmann constant , e iseleetron charge and, is probe
current at zero biasing voltage.

The inverse slope of the logarithmic plot thie electron retarding regime
provides the electron temperature using [10]:
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where | is probe current and V is probe agt

The electron temperature ¢fTs calculated as [10,12]:
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Electron density ghcan be calculated by the relation given below [9]
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where 4 is the area of the probe tip inside the plasmais the Free Space
Permittivity and ma is the mass of electron.

Debye’s lengthXp) can be calculated from the formula [10,12]:
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The number of charged particlg Nvithin the Debye sphere must be large so

that collection interactions dominate at the mederparticle separation distance. The

number of particles (B in air as well as under vacuum is calculatedHsyformula
[12]:
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There is different plasma frequency for egpécies. However, the relatively fast
electron frequencwye is the most important and references to the plasetgiency.
The ions do not participate in these oscillationcaese of their high mass. It is seen
that mpe corresponds to the typical electrostatic osadfatfrequency of a given
species in response to a small charge separatlesmB oscillations will only be



observed if the plasma system is studied ovep#wodst longer than the=1/ v,
and if external actions change the system at an@faster thamwpe .
Plasma frequencyge can be calculated as [10,13]:
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Also, the ion plasma frequenay,() given by:
e’n,
WOpi—= 8)
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2-Experimental technique

The chamber is made up of stainless-stedl @@ cm in diameter, 40.5 cm in
height and 0.4 cm thickness and designed in adwtial shape with one open ends.
The chamber has a groove in the medial with dino@n8.5 cm width and 0.5 cm
depth with O-ring. It contained three Pyrex windowith thickness of about 3 cm
and diameter of about 10 cm in different levels (thmension of the chamber and
base is shown in fig.1).
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(1)High Voltage feed-through
(2)Langmuir feed-through
(3)Gas outlet

(4) O-ring

(5)Diffusion valve

Fig.(1) The chamber and base diagram.



The targets were designed and constructed &aminum and copper metal with

diameter 4.8 cm and thickness 1 cm for each tafgagets carried on the platform
of variable angles as shown in Fig.2.

(b)
Fig. 2 photograph of (a) targets parts and (bjabée-angles stage

The Teflon was used as a cover with thicknds$ am 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 mrtength and 0.5 mm in diameter,
which are covered by a thin glass tube with odiameter of (5mm) to insulate it
from the plasma expect for a short length of exdase . Special designed are
made for Langmuir probe to moving in 2D for plasmaiagnostic. Fig. 4 show
(a)Langmuir probe with its stand and (b) Langmuole setup in system.



Fig.(4) (a) Langmuir probe with its stand and (Bhgmuir probe setup in system.

Chamber was pumped down by two- stage, rot@rye Vacuum pump (model
Varian DC302) to a base pressure of abouf mbar , after which it was pumped by
oil diffusion pump to a base pressure of Ifbar.

3-Results and discussion

One of the assumptions made in probe thesotlyat the plasma is homogenous
and large in dimensions compared to the mean-fatie @f the electrons. The mean-
free path of electrons is inversely proportionaltiie mean collision probability for
electrons. In the low-pressure (< 0.2 mbar) plagmastigated here, that the mean
free path of electrons has to be reasonably longharter than the distance between
the electrode while the transverse dimension ofreactor isscm.

From Langmuir probe |-V characteristics we cancgkdte the variation of
electron temperature, electron density, floatinteptial, and plasma potential as a
function of argon gas pressure and distance betthexelectrodes. The probe current
was calculated using equation 1. It was observatigiobe current decreases with the
decrease of biasing voltage. This may be due tdaittethat positive sheath of ions is
reduced as more electrons reach the probe tip,rthusalizing the ions. In this way,
the peak for electrons increased because new priatectrons are further producing
electrons. Thus multiplication of electrons occuralso an increase in the biasing
potential causes an increase in the number ofrelectcollected by the probe tip
which may also be one of the reasons of increatieiprobe potential .

3-1 Electron temperature and electron density

The variation of Lnglas a function of probe voltage at different gasspures and
distance between electrodes for Cu, Al and Cu-Ajabare shown in Figs.(5,6 and 7)
respectively.
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Fig.( 5) the variation of Ln { as a function probe voltage at different Argas g
pressures and distances for Cu target
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Fig.( 6) the variation of Ln {J as a function probe voltage at different Argas g
pressures and distances for Al target
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The slope of thinle vsV curve in its linear region gives the electron terapgre
according to Equation (3). The variation of Eleattemperature cfand Electron
Density n as a function of different gas pressures asthdce between electrodes
were shown in Table (1). It can be found thatdleetron temperature decreases with
the increase of gas pressure from (0.3 -0.6 ) miéith the increase of gas pressure,
electrons mean free path will become short. Thi$ nsult in increased electronic
inelastic collision and make the electron energss[b4,15]. It can be noticed that
the electron density increases with increasingptieesure as shown in table (1).

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

Electron Density4fm™) Electron Temperature (e ’ )

Al-Cu
region || Al-target

targetl region

It is well known that the gas pressure hasagor effect on the discharge plasma
parameters. When the pressure increases, themaeeneutrals present, hence the
distance between collisions (mean free path) deeseand less energy is gained
between collisions and consequently the increageeémumber of collisions means
the frequency of ionization will increase leadingan increase in the density[16].Also
it can be say that at a higher gas pressure ttmmpladensity becomes greater and
more electrons can be confined. At the same tirasnpha density increases as pressure
increases that is related to increase of dischaugent. This working pressure effect
on plasma density can be explained in term of lbet®n temperature [17] .



3-2 lon Density

When the bias voltagesVon the probe is sufficiently negative with redptec
the plasma potentialp/the probe collects the ion saturation curregt @ositive ions
continue to be collected by the probe until theshialtage reachespyat that point,
ions begin to be repelled by the probe. Fgr¥ Vp, all positive ions are repelled, and
the ion current to the probe vanishes, 0. The ion density in Ar plasma can be

calculated corresponding to orbital motion limieédiny. lon density was calculated by

plotting thel?, . vs. probe voltage curve for the ion collectionganThe slope of the

linear region of these fpvs Vi curves was used to calculate the ion density. The
variation of ion density as a function of gas poessacross the glow discharge
chamber shown in Fig.(8).
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Fig.(8) The variation of lon Density as a funatiaf Argon gas pressures & distance.



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

Table (2) The variation of lon Density with diféait gas Pressures & distances.

lon Density n; (m™)
Distance Pressure o o |
(cm) (mbar) Cu-target Al-Cu region
(x10°) (x10°%)
0.3

5.90

8.77
13.7
18

3-3 Debyelength and Number of particles(Np) in a Debye sphere

The Debye lengthp is the measure of the penetration depth of thereat
electrostatic fields ,i.e, the thickness of the rmary sheath over which charge
neutrality may not be maintained. The applied eleamt potential will therefor
develop mostly near the surfaces, over a distamcevhich is a function of the
electron and ion temperature and plasma density.

Debye length is evaluated by substitutingdkperimental data ofcland n into
equation 5. The Number of particles )Nin a Debye sphere calculated using
Equation 6. Debye length increases with the ineead the electron temperature
Debye length and Ndecreases with increases gas pressure at diffdistiaince as
shown in Table (3).

Table (3) The variation Debye lendth with Number of particles(y) in a Debye
sphere at different gas Pressures and distances.

Distance Pressure Q
(cm) (mbar)

NO. of b NO. of
. Ap (cm) ! : Ap (cm)
par 'h icles %102 %102 parlil icles x10°2
D D D




3-4 plasma frequency (wp)

For the first look at plasmas, when desigrangexperiment, the electron plasma
frequency is of higher importance, so that it isenfonly referred to as the plasma
frequency. Any electric field applied with a frequg below the plasma frequency
has no chance of penetrating into the bulk plasmdhe electrons move fast enough
to immediately shield it out. The behavior of thedium will be dominated by
collective plasma phenomena, the basic plasmaHesnyd time scales. According to
Equation 7 and 8 it can noted that the electrosrpé&frequencycfpe) increases with
increase gas pressure and its value greeter thafineiguency ¢,;) as shown in Table

(4).

Table (4) The variation of plasma frequerfeye) and lon plasma frequengy,) at
different gas Pressures and distances.

Cu-target

Al-Cu region

Distance || Pressure
(Cm) (mbar) Al-target
(pe) ()
(x10") (x10% 0* 0*
0.3

(pe)
(x10")

(@)
(x10°)

(ope)
(x10")

(o)
(x10°)




3-5 Floating Potential and Plasma Potential

Plasma potential (Vp) is one of the most ingoir plasma parameters which
indicate the incident energy of ions upon substrétedow Vp will lead to low
substrate temperature and weak ion bombardment giatwadeposited films. The
variation of plasma potential with gas working @@ for argon gas is shown in
table 5. The plasma potential decreases with isargaargon pressure , while it can
be observed from this figure that the floating ptisd increases with increasing of
gas pressure , this result is good agreement witvigus studies [15]. For a high gas
pressure the plasma density becomes greater arel efemtrons can be confined, so
V,, will decrease more as show in Table (5) .

Table (5) The variation of Plasma Potentials (Vadanction of Argon gas pressures
and distance

Plasma Potentials (volt)
Distance(cm) (J Pressur e m i ar) |
0.3

The floating potential Vs defined by l= le. It can been observed from these
table that the plasma and the floating potenti@srehses with increasing gas
pressure and distance between two electrodes ante#son, is that the increase of
the magnetic field will cause an increase of nuntieiectrons compared with that of
ions. When the electrons are accumulation the murob electrons on the surface
decreases, this will lead to the decrease of plafoating potential and then the
decrease of plasma potential.

4 conclusion

A comparative investigation was carried outtbé discharge characteristics(
current-voltage characteristic and dependence efrtinning voltage on the gas
pressure at constant discharge current, as wellf @me plasma parameter ( like
electron temperature Te , electrons densityians density n, plasma potential
and floating potential ¥) were measured using single Langmuir probe wiffiereént
gas pressures at different distance between therades in Argon a cylindrical
systems for Co-sputtering with Al-Cu targets. It swéound that the electron



temperature , plasma potential decreases and@iedénsity, ion density and plasma
frequency increased with increasing the argon gasspre. The value of plasma
frequency greeter than ion frequenay)f
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