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ABSTRACT

This article deals about the experimental measurement of plasma potential, ion saturation
current and Mach number obtained with the variation of power, operating gas pressure and
radial position using retarding field energy analyzer. We employed a retarding field energy
analyzer by rotating with different angles such as 0° (facing toward source), 90° (facing side
walls) and 180° (facing opposite the source). The coil current is varied from 0 to 15 A to
produce the magnetic field which is used to confine the plasma. The flow of plasma has been
characterized which was found to be subsonic. The low-temperature plasma is produced by
means of a 13.56 MHz helicon plasma source at 300-1000 kW radio frequency power. The
plasma is expanding from 13.8 cm diameter source into a 150 cm long diffusion chamber of 60

cm diameter.

Keywords: Plasma flows, Helicon plasma, Space plasma.

1. INTRODUCTION

Surface modification technique is a most powerful
tool using in modern industry to fabricate the
electronic devices [1-6]. In this process, substrates
are exposed to plasma for several hours where they
are bombarded by energetic ions. Due to flux of
bombarding energetic ions, removal and deposition
[7-10] of layers takes place on the substrate. The
former process is called etching where radio
frequency (rf) inductively coupled plasma [11-14]
reactor is used. To diagnose such a plasma,
retarding field energy analyzer (RFEA) is
employed to measure the plasma potential, ion
saturation current, electron temperature, electron
density, ion density, Mach number and so on. It is
well-known that the flow of ions and electrons play
the crucial role in space plasma as well as plasma
processing to the surface modifications of materials
for a wide variety of industrial applications. In the
former case, ions collide much more frequently
with the neutral molecules than with other ions at
auroral latitudes. These phenomena could be
carried out by taking the information on the
distribution either from high resolution ground-
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based optical measurements or from retarding
potential analyzers carried on rockets and satellites.
But, in later case, the microelectronic industry use
plasma discharges for the processing of
semiconductor wafers. So, the mechanism or
dynamics of ions or electrons interact to the
semiconductors surface due to their bombardment
iS quite important where they interchange their
energies.

However, the flux of positive ions and its energy
determine the effectiveness of plasma process.
More specifically, it is more challenges to
researchers seeking to measure such properties in
the laboratory because plasmas are hot, and at
sufficiently high densities, they can deposit enough
heat to vaporize any material put into or around
them, including containment vessels or probes.
Additionally, since plasmas are locally charged,
they interact strongly with electromagnetic waves.
This property makes the probing of the interior
behavior of plasmas complicated, although it also
offers unusual diagnostic opportunities. Also, any
electrical measurements of the plasma tend to
perturb the plasma in some way, which can



complicate any effort to learn about the unperturbed
state of the plasma [15]. In this paper, we present
the measurement plasma potential, ion saturation

2. EXPERIMENTAL SET UP
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current and Mach number obtained by RFEA in the
downstream region of rf source. Measurements
were carried out in different guiding coil currents.
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Fig. 1: Experimental arrangement: RF source with probe (a) and magnetic field magnetic field configuration (b).

The experimental arrangement for the measurement
of plasma potential, ion saturation current and
Mach number of argons rf plasma in the Njord
device is shown as in Fig. 1. It consists of a source
(621 cm x 31.3 cm) attached to a vacuum chamber
made of stainless steel, called the diffusion
chamber (¢60 cm x 120 cm). More specifically,
plasma is formed in a Pyrex tube (¢13.8 cm x 30.5
cm) called the source chamber. The source and
diffusion chambers are connected at a cylindrical
port having dimension ¢$20 ¢cm x 6 cm. In the
present work, we have adopted the plasma source
which was similar to “Chi-Kung” at Australian
National University [16]. It consists of a double —
saddle rf-antenna fed with 13.56 MHz from a
Henry 8 K Ultra rf amplifier and is fitted with a pi-
network tuning system with vacuum capacitors.
The rf power applied for the breakdown of the gas
is in the range 200-600 W.

A weak magnetic field of maximum 25 mT is
applied in the source region by means of two coils
outside the saddle-type helicon antenna placed
around the Pyrex tube source chamber. In addition,
third coil called guiding coil is placed 58 cm
downstream from the end plate of the source, which
defines the origo along the axis of the source. The
field produced by the third coil could be varied
from 0 to 15 A, so that an inflection point is
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Fig. 2: RFEA design (a) and biasing (b). 1—analyzer lid,
2—orifice plate, 3—steel mesh, 4—copper support
plate, 5—mica insulators, 6—collector, 7—clamp plate,
8—analyzer body, 9—support tube, O—orifice plate,
E—entrance grid, R—repeller grid, D—discriminator
grid, S—suppressor grid, C—collector.
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produced between the second and third coil, as
indicated in fig. 1(a) and 1(b). The vacuum system
in the working chambers consist of one turbo-
molecular pump backed by one 350 I/min rotary
pump, with which the base pressure of the system
was kept below 2.67 x 10~8bar. Its operating
pressure is < 2.39 x 1077 bar. The flow control is
carried out by a Omega FMA 5400/5500 series
flow controller with maximum capacity 20
cm®min™. This controller is driven with remote
computer system.

A retarding field energy analyzer (RFEA) shown in
Fig. 2 was inserted in a radial direction of source
chamber where plasma produced in this chamber
flows to the diffusion chamber keeping low gas
pressure typically at 2.39 x 10~ bar. The latter
RFEA could be rotated thoroughly 360° around its
axis. This RFEA had orifice diameter 1 mm, and
was constructed with a mesh across the orifice. Its
electron repeller grid was biased at -90 V, the
discriminator grid had variable bias from -100 V to
+100 V, the secondary repeller grid was biased at -
20 V and the collector at -9 V. The overall system
length was 2 mm with 0.50 mm space between the
grids. There is good electrical connection between
the plate and the grounded analyzer housing. The
discriminator was biased in 500 steps per scan from
-100V to + 100V. At each step the collector current,
measured over a 32 kQ resistor, was digitized into
500 samples which were then averaged into one
single value, and written to file for further analysis.
Figure 2 is a RFEA bias circuit: E — earthed, R —
repeller, D — discriminator, S — secondary emission
suppressor, C — collector.
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Fig. 3: The variation of plasma potentials as function of
operating gas pressure.
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3. RESULTS AND DISCUSSION

The key parameters of background rf plasma are
expressed in terms of plasma potential. In this case,
we employed a retarding field energy analyzer by
rotating with different angles such as 0° (facing
toward source), 90° (facing side walls) and 180°
(facing opposite the source) to measure the plasma
potential. Figure 3 shows the variation of plasma
potentials as function of operating gas pressure for
three guiding coil currents and three above
mentioned rotating angles.

It is found that plasma potential decreases as the
gas pressure increases. It infers from the Fig. 3 that
at the zero or low magnetic field maintaining 0 A
i.e. no current providing in third coil, a large
number of plasma particles diffuse to the walls,
which enhances the reduction of background
plasma. But, when the magnetic field increases by
changing the current from 5 to 15 A, all the fluxes
are staying between source chamber and the neck
of diffusion chamber which enhances the increment
of plasma potential.

In the presence of a magnetic field, the gyration of
electrons and ions are opposite to each other.
Hence, transport of electrons and ions is altered and
thus the properties of the plasma are affected.
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Fig.4: A typical profile of plasma potential, ratio of ion
saturation current and Mach number as the function of
input power.

Figure 4 is the typical profile of plasma potential,
ratio of ion saturation current and Mach number as
the function of input power. It is revealed that the
upstream ion saturation current is larger than that of



downstream ion saturation currents which infers
that the flow of ions from upstream to downstream
direction. Actually, it does not give the actual flow
measurements because the RFEA itself a large
grounded object which creates a wake. The Mach
number can be measured by the formula

M=21m (I“—”) =2 [17] where K = 1.45 for

K Cg

Tdown

magnetized plasma and 1.26 for non-magnetized
plasma. Higher the Mach number more the flow
velocity.
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Fig. 5: A typical profile of plasma potential, ratio of ion
saturation current and Mach number as the function of
operating pressure.

Figure 5 is a typical profile of plasma potential,
ratio of ion saturation current and Mach number as
the function of operating pressure. In this case,
third coil current is takenas 0 A, 5 A and 15 A. It is
found that plasma potential decreases as operating
pressure increases whereas ion saturation current
ratio and Mach number fluctuates. In our case,
Mach number is found to be less than 0.4. This
shows that flow is subsonic because subsonic
condition occurs when Mach number is less than 1.

4. CONCLUSIONS

The experimental measurement of plasma potentiall,
ion saturation current and Mach number obtained
with the variation of power, operating gas pressure
and radial position using retarding field energy
analyzer have been elucidated. These plasma
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parameters are also studied in the configuration of
different magnetic field by providing the different
current in guiding coil. The coil current can be
varied from 0 to 15 A to produce the magnetic field
which is used to confine the plasma. A retarding
field energy analyzer was employed by rotating
with different angles such as 0° (facing toward
source), 90° (facing side walls) and 180° (facing
opposite the source). The flow of plasma has been
characterized which was found to be subsonic
where Mach number is found to be less than 0.4. It
is found that plasma potential increases as guiding
coil increases in third coil. In the presence of a
magnetic field, the gyration of electrons and ions
are opposite to each other. Hence, transport of
electrons and ions is altered and thus the properties
of the plasma are affected.
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