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Sheet plasmas have the advantage of producing thin films and functional surfaces
by generating localized high-density and temperature gradient regions suitable for specific
reactions. A streamof highenergy electrons froma plasma cathode efficiently excites and/or
lonizes atomic and molecular species which are confined in a linear magnetic field. An
electron cyclotron resonance (ECR) sheet plasma device employing a 2.45 GHz microwave
source and combination of permanent magnets and field coils was designed and operated.
The combined field realized a linear magnetic field that sustained a rectilinear
confinement of the plasma.

In Chapter 1, a brief introduction is provided to give a short background on the
current theoretical understanding of magnetized sheet plasma devices. Chapter 2 focuses
on the device description and initial conditions of the generated plasma. The design of
the whole system was explained. Inaddition, techniques for plasma diagnostics and analysis
of the plasma discharge were described.

In Chapter 3, a more detailed description of the plasma discharge was carried out.
Using Langmuir probe, the plasma was analysed to understand its behaviour relative to
different operating parameters and vacuum conditions. ECR condition was achieved using
the combined field from permanent magnets and field coils. The overall performance of the
plasma operated at sub-ECR and ECR conditions were compared.

A localized heating in the microwave inlet region was observed under high power
operation which limits the device performance under certain operation conditions. A local
gas injection was designed to supply gas directly to the cathode region to the study the
effect of cooling the quartz window. In Chapter 4, the device performance with the new
gas inlet design was compared with that of the usual gas introduction directly to the main
chamber. Particularly observed was the stable and longer operation time in the “local
gas injection” mode up to 3 kWmicrowave power. Plasma parameters were observed in Chapter
o with consideration of the effect of the magnetic field while operating with the local
gas injection. The effect of the applied magnetic field to the plasma profile usingelectron
temperature, electron density, plasma potential, f{loating potential and ion saturation
was described in more detail. Images of the plasma was used to support observation made
from plasma parameters. Meanwhile, low frequency plasma instabilities were observed at



high magnetic flux density and was briefly discussed.

In Chapter 6, observationof high energy electrons inahot cathode-type sheet plasma
was presented. A plasma cathode excited a millimetres thick sheet plasma throughout a 92
cm long chamber in a 270 G linear static magnetic field. Electron energy probability
functions measured for Ar plasmas by an electrostatic probe indicated the presence of high
energy electrons in the produced plasma. The high energy electron component occupied the
substantial part of the electron energy distribution function at lower plasma operating
pressure. Electrical bias voltage applied to the electrode terminating the plasma flow
determined the plasma space potential.



