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ABSTRACT

Different types of material powders have been fed to the breach of a
coaxial discharge. The coaxial discharge is powered from a 46.26 fiF, 24 kV
capacitor bank. When the discharge takes place at the breach, the powder is
heated and ionized to form a sheath of its material. The plasma sheath is
ejected from the discharge zone with high velocity. The plasma sheath
material is deposited on a glass substrate. It has been found from scanning
electron microscope (SEM) analysis that the deposited material is almost
homogenous for ceramic and graphite powders. The grain size is estimated
to be in the order of few microns. To measure the deposited material
thickness the microdensitometer and a suitable arrangement of a laser
interferometer and an optical microscope are used. It has also been found
that deposited material thickness depends on the discharge number of shots
and the capacitor bank energy.
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INTRODUCTION

In impulse plasma deposition (IPD), the coaxial impulse plasma accelerators are used. It
is found that the morphology of the coating deposited on the various kinds of substrates does
not depend in an essential manner upon the kind of the substrate material, but depends more
strongly upon the plasma generation process parameters. Hence by modifying the process
parameters, the morphology can be controlled (1>2). In IPD, the deposition occurred from the
sputtering of the inner electrode of the impulse plasma accelerator, and hence the erosion of
the material is studied. It is found that the use of ferromagnetic material reduces erosion and
prolongs electrode life (3l

In pulse high energy density plasma (PHEDP) gun, the metallization and surface
morphology are studied. It is found that the surface morphology of deposited materials
depends mainly on the gun voltage. The size of the grains increase with increasing the gun
voltage. The emergence of the clusters might be due to the high gun voltage resulting in a
large current [Imax = Vmax(Cb/Lb)

05, where Cb is the capacitance of the circuit and Lb is the
inductance of the circuit] (4) and resulting in evaporation of Ti electrode as the clusters.
Then, the clusters are accelerated and injected to the substrate. The results obtained reveal that
the lower voltage is better for the formation of a smooth surface(5).

The objective of this paper is to investigate the deposition of different materials using
plasma coaxial discharge. The used source materials are ceramic and graphite powders
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l-'ig. 1. Schematic diagram of the experimental setup

Fig. 2. SEM micrograph of surface morphology of
ceramic film on glass substrate at 6 kV and
100 pulses.
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which situated on the isolator between the two electrodes. The thin films are deposited onto
fixed glass substrate placed at the muzzle. The effects of the discharge conditions on film
thickness are studied.

EXPERIMENTAL SETUP

Figure (1) shows the schematic diagram of the system the coaxial discharge accelerator
consists of two electrodes made of steel material. The inner electrode diameter is 5.6cm, with
length of 8.5 cm. The diameter of the outer one is 8.8 cm and 16.2 cm length. The condenser
bank consists of 6 capacitors connected in parallel each with 7.71 up and can be charged up
to 24 kV. A spark gap switch is connected to the bank. The working pressure of the system
varies between 0.2 Torr and 0.6 Torr. The glass substrate is placed at the end of the outer
electrode, and at 6.25 cm from the end of the inner one. The powders, to be deposited onto
the glass substrate, are placed on the isolating disc between the two electrodes at the breach
of the coaxial accelerator which is fixed in a vertical position to keep the powder always at
the breach.

The scanning electron microscope, microdensitometer, and laser interferometer are used
for performing measurements.

EXPERIMENTAL RESULTS

The coaxial discharge head is fixed vertically such that the breach is down and the
muzzle is up. Hence, the powder of the required material is placed at the breach and will be
lifted up by the discharge. The powder grains have been filtered mechanically by a mesh to
have a minimum grain size in the order of approximately 20 (im. The capacitor bank has
been charged from 200 Joule up to 3000 Joule. When the discharge current flows through the
powder, it heats and ionizes a part of the powder. The ionized particles of the powder are
accelerated by Lorentz force J x B and ejected towards the glass substrate which is fixed near
the muzzle of the system.

Figure (2) shows the SEM picture obtained in the case of using ceramic powder and 100
discharge shots each of 833 Joule. The picture indicates that the deposited ceramic layer has
almost homogeneous structure.

For graphite powder, detailed experimental investigation has been carried out for
different discharge number of shots and charging stored bank energy. Figures (3)-(6) show the
SEM pictures of deposited graphite layers obtained under different conditions as stated in
figure captions. All pictures indicate that the deposited graphite layers have almost
homogeneous structures.

The setup used to measure deposited material thickness is presented in Fig. (7). It
consists basically of a laser interferometer and an optical microscope. Using glass substrates
makes it simple to evaluate the material thickness, since an interference fringes of the two
faces of the glass substrate and its thickness can be relatively compared with the fringes of the
deposited materials.

The dependence of the deposited material (graphite) thickness on the number of the
discharge pulses of equal energy are found to follow a linear relation. The results presented
in Fig. (8), indicate that each pulse of 805 Joule increases the deposited material thickness by
16 nm .
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Fig. 3. SEM micrograph of surface morphology of
graphite film on glass substrate at 5.9 kV
and 25 pulses.

V\g. 4. SEM micrograph of surface morphology of
graphite film on glass substrate at 8 kV
and 50 pulses.

659



Fig. 5. SEM micrograph of surface morphology of
graphite 111m on glass substrate at 10.5 kV
and 100 pulses.

Fig. 6. SEM micrograph of surface morphology of
graphite film on glass substrate at 11.5 kV
and 25 pulses.
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Microscope

Frings of the
deposited material

Glass
Substrate

Frings of the
substrate

Fig. 7. Laser interferometer with microscope arrangement.
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The dependence of the deposited material (graphite) thickness on the stored energy of
the capacitor bank is presented in Fig. (9). The results presented indicate that the material
thickness increases exponentially with increasing stored bank energy.

CONCLUSION

Material deposition using coaxial discharge system having the powder at its breach has
been carried out for the first time. The coaxial electrodes are powered by a capacitor bank
with stored energy varies between 200 Joule and 3000 Joule. Two different material powders,
namely: ceramic and graphite, have been used. Scanning electron microscope pictures of the
deposited layers of the two materials show almost homogeneous structures. It has been found
that the deposited graphite thickness is linearly proportional to the number of the discharge
pulses for the same bank energy. Increasing the stored energy of the capacitor bank, the
deposited graphite thickness increases exponentially.

ACKNOWLEDGMENT

The authors would like to thank Prof. Dr. Mostafa mahmoud and Prof. Dr. Samia
El-Hqut for their kind support, useful discussions, and performing the SEM micrographs.

REFERENCES

(1) K. Zdunek, Vacuum, 47, 1437(1996).
(2) K. Zdunek, Vacuum, 44, 93 (1993).
(3) K. Zdunek, T. Karwat, Vacuum, 47, 1391 (1996).
(4) Yang Si-Ze, Ren Yu-Feng, Liu Chi-Zi and Li Bing, 2nd National Symposium, Plasma'95,

2,295(1995).
(5) Xiang-Jun He, Bing Li, Chi-Zi Liu, Yu-Feng Ren and Si-Ze Yang, International

Symposium Plasma'97, 2,165(1997).

663


