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ABSTRACT

Results of measurerﬁems taken to investigating the dependence of the plasma column on the
cathode radius in a magnetized vacuum arc discharge are presented. The arc current was fixed at
1.35 KA with ~ 15 ms of Hat region, the external magnetic field was fixed at 0.08T and aluminum
was used as the cathode material. The radial profile of the plasma density and slectron
temperature were measured for different axial positions from the anode mesh. The plasma density
and electron temperature decrease along the axis moving away from the anode mesh. The shape
of the plasma column shows a Gaussian pattern with its full-width at half maximum increasing with
the increase of the cathode radius and also with the distance from the anode mesh. In the
absence of external magnetic field the plasma density and electron temperature are fairly constant
with radius, having very low values compared with the case where the magnetic field is present.

INTRODUCTION

Vacuum arc discharge has been extensively applied for metallic film deposition and
reactive film deposition [1]. This technique has shown a very high deposition rate which is
very important for industrial applications [2]. However, different schemes using vacuum arc
discharge have been proposed in order to improve some aspects of the deposition as
quality, uniformity, adherence, deposition rate and so on.

The vacuum arc discharge facility, PCEN, developed at LAP/INPE, for thin film
deposition has a tungsten mesh as anode in front of the cathode as a new feature. The arc
discharge established between the electrodes produces a plasma column behind the
anode mesh reaching the substrate. The plasma column are dependent upon several
parameters. In this paper the influence of the cathode size is investigated.

EXPERIMENT

The measurements were taken in a vacuum arc discharge apparatus, PCEN, that
was originally developed for isotope separation [3], and now was adapted for thin film
deposition. Figure shows a schematic diagram of the apparatus. It comprises a im long
and 0.22 m diameter stainless steel cylinder used as vacuum vessel, a set of magnetic
coils, a couple of electrodes and all the associate electric and vacuum systems.
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The arc discharge is obtained between an axial copper rod, ended by a removable
rounded tip, as cathode and a tungsten mesh with transparency higher than 90% as anode,
placed ~ 6 cm from the cathode. The main discharge is supplied by a capacitor bank and
the arc current can reach values as high as 3 kA with a flat top of about 15 ms. The
discharge is triggered by a high power CO: laser focused on the cathode surface. An axial
magnetic field can be applied by the external coils in order to confine the plasma and
concentrate it on the substrate surface.

In vacuum arc discharge the plasma is supplied by the cathode material which is
extracted through the hot spots on the surface of the cathode. It is possible to generate
plasmas of aimost all metallic materials by just replacing the cathode tip.
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Figure 1. Schematic diagram of the vacuum arc experiment..
RESULTS AND ANALYSIS

For the measurements presented in this work the arc current was fixed at 1.35 KA,
the external magnetic field at 0.08T and aluminum was used as cathode. Three rounded
aluminum cathode tips were used, having diameter of 2, 4 and 6 cm. The electron
temperature was obtained from the slope of the logarithm of the Langmuir characteristic
curve, in the interval dominated by thermal effects. The plasma density is proportional to
the ion saturation current collected by the Langmuir probe. For the purpose of this work,
where only the radial and axial profiles are important, the ion saturation current is enough
to show the behavior of the plasma column. Figure 2 shows the axial electron temperature
along the aluminum plasma column for B=0.08 T and when there is no external magnetic
field. In both cases, Te, decreases as it is moved away from the anode mesh. The peak
shown in Figure 2.a at z ~ 20 c¢m is certainly due to the axial magnetic field profile which
exhibits a maximum at this position. '

The variation of the plasma density along the axis is shown in Figure 3, with B-field
and in the absence of extemal magnetic field. For both cases the density decrease as the
distance from the anode increases. This behavior is explained since the magnetic field
along the plasma column is divergent, it strength decreases for positions higher than 20 cm
from the anode. As expected the plasma density is higher when there is a magnetic field.
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Figure 2. Electron temperature along the plasma column: (a) B=0.08T, (b) B=0
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Figure 3. lon saturation current along the plasma column: (a) B=0.08 T, (byB=0

The radial profile of the electron temperature and plasma density with and without
B-field, measured at 40 cm from the anode, are shown in Figures 4 and 5, respectively. It
can be observed that the Te profile is peaked at the axis of the plasma column and is fairy
constant in the absence of magnetic field. This behavior is more pronounced in the plasma
density profiles. The axial magnetic field confines the charged particles, producing a well
defined plasma column with a relatively high plasma density at the plasma axis. In the
absence of magnetic field the plasma density is very small and fairly constant. These
information are very important conceming film deeosition.
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Figure 4. Radial profile of the electron temperature: (a) with B-field, (b) no B-field.
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Figure 5. Radial profile of the ion saturation current: (a) with B-field, (b) no B-field.

Radial density profiles were taken for three different positions from the anode: 20,
40 and 60 cm, with a fixed cathode diameter (d = 4 cm), as well as, for three different
cathode diameters: 2, 4 and 6 cm, measured at a fixed axial position (z = 40 cm). A
Gaussian curve fitting were performed for each profile and the full-width at half-maximum
(FWHM) were inferred. Figure 6 shows the variation of the FWHM with the cathode
diameter and with the distance from the anode. The FWHM can be used to estimate the
size of the plasma column. It is observed that the radius of the plasma column increases
with the cathode diameter and when it is moved away from the anode mesh.
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Figure 6. Full-Width at Half-Maximum of the Gaussian curve fitting of the plasma column as
a function of : (a) cathode diameter, (b) distance from the anode mesh.

CONCLUSIONS

The plasma column obtained in the vacuum arc discharge, PCEN, is dependent on
the cathode size, and also with the distance from the anode. The information obtained
about temperature, plasma density and column size are important for the optimization of
thin film deposition using this'apparatus.
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