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Abstract
Electrically generated glow discharge plasma is the basis of 
numerous applications in modern days such as pulsed power 
technology, environmental control, material processing and 
including light sources over a wide spectral range from deep UV 
to IR. The well established conventional electrical discharge is 
created between two electrodes that are connected to a power 
supply as shown in fig. 1. Various gases are inserted between these 
electrodes. Under given pressure range (< 1 torr) and inter electrode 
distance as well as external limiting circuit conditions, breakdown 
occurs at a certain applied voltage. In this condition, the discharge 
current suddenly increases to a glow discharge phase. The glow 
discharge has several well defined spatial zones such as cathode 
fall, positive column and anode fall etc. A distinctive feature of this 
discharge is a layer of large positive space charge at the cathode, 
with a strong field at the surface and considerable potential drop 
of a few hundreds of volts. This region is known as the cathode 
fall. The cathode fall with high electric field accelerates electrons 
to energies high enough to produce ionization and excitation. 
If the inter electrode separation is large enough, an electrically 
neutral plasma with main luminous region and fairly weak field is 
formed between the cathode fall and the anode called the positive 
column. The positive column is further separated from the anode 
by the anode fall region. Between the cathode fall and the positive 
column, there is a brightest zone in the entire glow discharge called 
the negative glow. The impedance of the glow discharge plasma 
between the two electrodes depends on the ionization of the gas. 
The impedance can be reduced by replacing the cathode with a 
pair of parallel plates as depicted in fig. 2. A rise in the current 
density is obtained with no concomitant increase in the discharge 
voltage. The ionization increases drastically without a change in 
the cathode sheath potential as compared to the conventional glow 
discharge. A potential well is formed by the plasma which is near 
anode potential. This leads to an oscillatory motion of electrons 
between two opposite cathode fall regions known as pendel effect. 
Based on the hollow cathode geometry, design and development of 
several devices ranging from large volume plasma to micro scale 
plasma or microplasma as well as their worldwide research trends 
will be presented in this talk. Few examples are given below.

Fig. 1:

Fig. 2:

The pseudospark is a low pressure (≤ 10-2 Torr), high current gas 
discharge in a cylindrical hollow electrode configuration which 
finds an important application in switching of high currents in 
high voltages. The length and diameter of the hollow electrodes 
(anode and cathode) are several cms while the inter-electrode 
separation and their central aperture ranges from 2 to 5 mm. 
The device is filled with hydrogen or deuterium. An outstanding 
feature of this kind of discharge is that the current density on the 
cathode can be as high as 104 A/cm2, but the discharge remains 
homogeneous over a macroscopic area with diffuse appearance. 
The use of a cold cathode in the pseudospark switch makes it 
possible to replace the classical thyraton or spark gap in kicker 
magnet, klystron modulator and other pulsed power devices etc. 
Besides switching, the hollow cathode discharge can be used 
as a plasma cathode electron gun that provides a well defined 
electron beam in some microwave devices called PASOTRON 
(Plasma-assisted-slow-wave-oscillator) with little background gas 
pressure, even up to fore-vacuum pressure range. Plasma filling 
in these devices allows operating them at beam currents several 
times larger than the space charge limiting current, which in turn 
increases the peak power capabilities. In addition, the presence 
of plasma reduces the magnitude of the magnetic field needed to 
transport the beam.
An alternate approach has been followed that decreases the 
dimensions of the hollow cathode geometry to a few hundreds 
of micrometers and the electrical discharge in it is created at 
relatively high pressure of about several hundreds of torr and even 
at atmospheric pressure. The discharges in these miniaturized 
hollow cathode geometry are used in the application of 
microhollow cathode discharge and capillary discharge etc. These 
non-equilibrium high pressure microdischarges have been found 
to be an intense source of excimer radiation in VUV and UV 
range using rare gases and rare gas halides. The excimer radiation 
has a variety of applications such as lighting, surface processing, 
material deposition, and bacterial decontamination etc.


