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Abstract

ABSTRACT

In the present work, a plasma coaxial discharge system has been
used with a new method for studying the deposition applications using
different materials include gas, liquid, and different powders, to get a thin
film. The new in the present study is that the depositing material has been

placed at the breach.

The discharge current and voltage were measured. The first peak
current reached 18 kA after 11 us at 6 kV capacitor bank charging voltage.
The deposited energy was 0.36 kJ/pulse at 6 kV charging voltage for air at

0.2 Torr pressure while the maximum peak power achieved was 40 MW.

The electron temperature and plasma density which has been
measured by using double electric probe were found to be 12 €V and
1.7 x 10" jon/em®, respectively at 6 kV charging voltage for air at 2 Torr
pressure. While the electron temperature which has been measured by
spectroscopic techniques was found to be 17.7 eV for air and about

0.8 eV for butane gas.

The plasma sheath velocity measured by magnetic probe has been
found in the order of 10° cm/s , while that the double electric probe
measurements has shown that some portion of the plasma has been

created at higher position in front of the breach.

A new model (MASOUD MODEL) describing the plasma focus
system was made. This model overcome some troubleshooting appeared
in Lee model, which namely; the non continuity in the calculated plasma

velocity between the axial phase and the radial phase, the non realistic
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Abstract

calculated values for many conditions especially when the current was
small, the non real values appears as a result of dependence of the shock
wave velocity on the current value, and the disturbance appeared on the
current and the voltage values results of the insertion of the anomalous

resistivity in the equations.

In the radial phase, it has been assumed that the plasma move in the

angular direction according to the snowplow model rather than the use of

the slug model as the main equation system to establish the continuity of
the plasma sheath motion between the axial and the radial phases. The
angle of motion has inserted in all of the used equation of motion and the

circuit equation. Then, after the plasma sheath position and velocity has

been calculated numerically from the previous equations, the slug model
" has been used to calculate the shock wave velocity, and hence the

electron temperature could be calculated.

Values of the discharge current, axial speed, axial position, spike
voltage, radial piston speed, radial piston position, plasma column length,

and plasma temperature, have been obtained by using the new model.

By comparing the calculated results of the new model with the
published experimental results, a good agreement has been obtained.
Then it has been concluded that the new model is the most suitable model

for describing the plasma focus devices.

The plasma coaxial discharge system was used to deposit
different materials, which include graphite powder, Al,O; ceramic,

MgO, CaO, and ZnO. Also butane gas and liquid kerosene were used

as an active materials.
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The deposited material thickness has been measured using the laser
interferometer arrangement and microdensitometer device. Also, the
magnification and photography of some substrates surfaces has been
obtained using optical microscope to calculate the grain size and its
distribution. The study has shown a linear relation dependence of the
deposited material thickness with number of pulses. Also the deposited
thickness has been found to increase exponentially with capacitor bank
charging energy. The deposited layer reaches a maximum thickness of

13 pm at 8.4 kV charging voltage, 0.2 Torr of air pressure, and 75 pulses.

For graphite powder the deposited film grains size has been found
to have approximately, a Maxwellian distribution, with almost three
grains diameter peaks at 0.5 , 1.25, and 1.5 um for different pulses
number. The relations have shown some oscillations on each curve that
may be due to phase changes for certain diameters. The study of the
deposited graphite has shown also the formation of light color grains that
may be referred to a phase transition. These grain size has shown
a Maxwellian distribution with grains peak diameter at 0.5 and 0.8 pm at

charging voltage of 8.5 and 11.2 kV , respectively at 0.8 Torr pressure.

When liquid kerosene has been used in the deposition, the
produced carbon grain size distribution in this case has shown more
oscillations than that appeared in graphite powder. The effect on the
thickness of the amount of deposited material, when butane gas was used
as an active gas was very weak. When the substrate was placed close to
the muzzle, to increase the film thickness a shatter process has been

observed on the substrate. The reason of this shatter appearance on the
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substrate surface can be retained to the high energy plasma sputtering

effect that ejects electrode material atoms toward the substrate.

The grain size distribution for the ceramic has shown a Maxwellian
grain size distribution with a diameter peak of 0.5 um at 6 kV charging
voltage , 0.06 Torr of air pressure, and 100 pulses. The study has shown
that more than 60 % of the grains size lies in the diameter range from 0.2
to 0.8 um . In the case of ZnO thin film, the grain size has shown
approximately a Maxwellian distribution with two peaks at 0.8 and 1.3
um. at 6 kV charging voltage , 0.1 Torr of air pressure, and 100 pulses.
These peaks may also refer to that the plasma may have two groups of

electrons in different temperatures.

The grain size distribution for a mixture of MgO and CaO has been
studied for powder and solution. It has been found that the solution has
more homogeneous Maxwellian distribution than that of the powder. The
grain size in the case of the solution has been found to have a diameter

peak at 0.7 um, while for powder, was at 1.1 pum.
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