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Summary:

The analysis of cold plasmas, which are used in thin film coating techniques, is mainly
important for the understanding of the correlation between the film properties and the plasma
(or the process) parameters. With the knowledge of these correlations, one is able to optimise
and eventually improve the coating processes for the production of films with certain
desirable properties. The plasma for the Reactive-Low-Voltage-Ion-Plating process is a cold
non-isothermal plasma produced by a low-pressure dc non-self sustained arc discharge,
controlled by two mam parameters, the arc current and the total gas pressure in the chamber.

It shows, that the arc current is in a direct linear relation to the degree of ionisation and the
increase of the total gas pressure has a contrary effect.

The additional aim of this work is to show, that (he usage of electrostatic probes for the
plasma analysis of deposition processes is a powerful tool to complete the common plasma
monitor measurements (energy analysing quadrupol mass spectrometer) and to improve the
understanding of industrially used plasmas.
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1. Introduction:

The outstanding feature of the RLVIP-Proccss is a dense beam of ions from the
evaporation source and the gas inlet system to the substrate plane, which is responsible for the
growth of the film. These ions are mainly produced by election impact interaction of the arc
discharge electrons with the evaporated film material. [1]
The RLVIP process is mainly controlled by two parameters:

1) The arc current between the hot
filament of the plasma source as the
cathode and the evaporation source as
the anode of Die arc discharge.

2) The total gas pressure in the
recipient, consisting of Argon and a
reactive gas component, in this case
Nitrogen.

Variations of these parameters show
the relation between arc current and
total gas pressure respectively with the
density and the energy distribution of
the ions and electrons in the plasma.
Plasma density and energy distribution
of the ions are responsible for the

Kig. I: Schv-maiii- of a Halzers BAP 800. properties of the obtained films, such as
:i RLVip I'mcm their density and their mechanical stress.
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2. Experiments / Results

Langmujr Probe measuring equipment:
The Langmuir probe consists of a cylindrical tungsten wire in a glass tube, which can be

moved linearly by a pneumatic system. The analysis system allows to follow the results online
and to make fest and accurate measurements.

Because of the fast pneumatic motion, the exposure lime of the probe to the plasma is very
short. Therefore the contamination of the probe by the coating material is not problematic. A
gap between the tungsten tip and the glass shielding prevents a conductive connection
between the tip and the tube. The measured signal is filtered without harming the
characteristic on the basis of a fourier transformation, where specific disturbing frequencies
can be deleted well directed.

Furaday-Cup-Measuremcnts:
A Faraday-cup is a special type of an electrostatic probe, which is used for ion beam

measurements. Instead of a current-voltage characteristic one measures a present ion beam in
the plasma, which doesn't have to be induced by an attractive probe potential.

The used Faraday-cup consists of an electrode on top of the cup with three grids and a
magnetic field placed in front of the electrode. The magnetic field lias the task to separate the
electrons from the much heavier ions, so that a beam of only ions reaches the electrode. The
grids are on different potentials, which allow measuring the ions energy selected, by putting
on a variable retarding voltage for the ions in front of the electrode.

Aller the separation of the electrons in front of the cup the ions pass the first grid, which is
grounded. Between the first and the second grid, a variable retarding voltage has to be
overcome by the ions. The third grid is put on a negative potential (-30V) in respect of the
electrode to prevent secondary electron emission. An incoming ion induces a positive charge
on the electrode, which is connected to ground. This positive charge ties an electron out of
ground for recombination. An Ampere meter detects this electron. The Faraday cup offers
high flexibility and can be positioned at different spots in the recipient. With an increasing
retarding potential the measured current decreases. By deriving the function of current over
increasing potential fdl/dU«i) one gets the frequency of incoming ions of a certain energy
level (sretarding potential).
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Fig.2: a) Schematic of an Langmuir probe tip

b) Schematic of a haraday Cup
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Variation of arc current
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Fig.3: a) Langmuir probe measurement: Electron density in dependence of arc current

b) Faraday Cup measurement: Ion current densily in dependence of arc current

Variation of total gas pressure
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Fig.4: aj Langmuir proln: ineiisutcincnt: Klcctrua density in dependence oHolül g;w pressure

b) Faraday Cup mea-surenient: Ion current densily in dependence of total gus pressure

3. Discussion/Conclusions

Variation of arc current (Fig. 3):
By increasing the arc current, more ionizing electrons are inserted in the plasma.

Therefore the electron density increases as well as the ion density. The result is a higher
degree of ionisalion in the chamber. The relations between are current and electron density as
well as ion current density are directly linear. Not only the degree of ionisation is higher but
also the local potential conditions in the recipient change. This leads lo a higher acceleration
of the ions towards (lie substrate. The consequence is an increased mean energy of the ions in
the plasma and therefore a higher energy input in the films. As a result of these changed
conditions, the film density, as well as the intrinsic compressive stress in the films grows. [3]



Variation of total gas pressure (Fig 4):
Increasing the total gas pressure raises the number of collisions in the plasma. This

decreases the mean free path of the plasma particles and a kind of thermalization of the ions
and neutral particles fakes place. The high energetic part of (he plasma components decreases,
which causes a decrease of the mean energy of the plasma components (electrons and ions).

It is known that the film density is directly correlated to the amount of high energetic ions
in the ion beam, whereas the intrinsic compressive stress is correlated to the total energy input
in the films [2]. Therefore an increase of the total gas pressure in the recipient decreases film
density and the compressive mechanical stress in the films [4].

Another effect is a delocalisation of the locally higher-pressure areas in front of the
evaporation source. This has the consequence that ionisation processes take place in a larger
volume and not only directly above the evaporation source. The relation between gas pressure
and electron density, as welt as ion current density shows an exponential decrease (Fig 4).
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