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Abstract- An analysis has been carried out for the generation
of high density and energetic electron beam in the pseudospark
discharge based plasma cathode electron (PD-PCE) source. The
study of e-beam generation and propagation has been performed
for single as well as multi-gap arrangement of PD-PCE source
using 2-D PIC simulation code, and also experimentally at
different operating and geometrical parameters. The
investigations clearly show that the cathode aperture, gas
pressure and seed clectron energy are some of the important
parameters strongly affecting the generation of pscudospark
discharge based high density and energetic clectron beam
generation. The PIC simulation and experimental investigation of
different configuration of PD-PCE source would be utilized for
the generation of efficient plasma generation inside the hollow
cathode cavity and hence electron beam for different geometrical
sizes and operating parameters

[, INTRODUCTION

Pseudospark (PS) discharge is a cold cathode, self-
sustained, transient and low pressure gas discharge [1]. Since,
the discovery of the PS discharge, it has been used for various
applications, such as, high power plasma switches, high
density eclectron beam generation, EUV/X-ray radiation
production, microwave and THz radiation sources [1-4]. It has
been proven that PS discharge can produce electron beams
with a high combined current density and brightness with a
fast current rise which can be used for the above mentioned
applications. PS discharge comprise of a hollow cathode and
planner and/or hollow anode. It has been classified in two
different configurations namely single-gap and multi-gap PS
discharge devices [1, 2]. The multi-gap arrangement of PS

discharge is used to improve the performance of electron beam.

In fact, electron beam generation in the PS discharge is
influenced by various complex discharge processes which
depend on the geometric configuration as well as operating
parameters [5-8].

An investigation has been carried out using 2-D PIC
simulation code OOPIC PRO™ to analysis geometrical and
operating parameter for plasma formation inside the hollow
cathode (HC) and generation of e-beam. This analysis has

been carried out for both single gap and multi-gap
arrangement of PD-PCE source as shown in figure 1.
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Fig, 1: Schematic of (a) single-gap, (b) multi-gap configurations of PD-PCE
Source

It has been observed that the cathode aperture, gas pressure
and secd electron energy strongly influences the plasma

formation process inside the HC and electron beam generation.

On increasing the gas pressure. an electron beam of higher
current is generated and time for electron beam generation
reduces. However, on increasing cathode aperture, electron
beam of lower current is generated and also time of e-beam
generation reduced. On increasing gas pressure and number of
gaps the seed electron energy plays significant role for the
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generation of electron beam. After certain higher gas pressure,
there is requirement to increase the seed electron energy which
has reflected for the higher value of peak electron beam
current generation. Apart from geometrical and operating
parameter, it has been observed that the equipotential
distribution lines in the PS discharge based plasma cathode
electron (PD-PCE) source controls confinement of plasma and
also responsible for the generation of different sizes of e-
beams as shown in figure 2.
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Fig. 2: Potential distribution in the multi-gap (three gap) PD-PCE source at 60
Pa, with 8mm cathode aperture at 40kV anode potential
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Fig. 3: Experiment result of three gap PD-PCE source at 6 Pa £as pressure at
20 kV operating voltage

The investigation has also been performed experimentally
for the generation and propagation of high density and
energetic electron beam at different geometrical and operating
conditions in triggered PD-PCE source as shown in figure 3. It
has been observed that the clectron beam of high density (=
100 Acm™) propagated greater than 100 mm without using
any external magnetic field.

In fact, plasma formation inside the HC cavity and
generation of the electron beam have clearly shown the
dependency on the HC aperture size, gas pressure, and seed
electron in the simulation model. These simulation analysis

and also experimental investigations are very much useful for
the optimization and enhance the quality of PS discharge
based electron beam for the various applications.
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