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The Problem
Among the various types of electron emitters, which include thermionic and explosiveemissive cathodes, plasma cathodes with grid stabilization of the emission plasma
boundary have the greatest resource. The development of devices for generating electron
beams of large cross-section exceeding 1000 cm2 and intense electron beams of
submillisecond duration is carried out using plasma sources based on electric arc discharge.
For electron beam currents of ≈ 1 kA with an electron current density of up to 10 A / cm2,
the achieved pulse duration was usually less than 1 ms. The limitation of the pulse duration
was caused by the breakdown of the accelerating gap. One of the reasons for the
breakdown is the high inhomogeneity of the plasma near the emission grid electrode
formed by an arc discharge. Eliminating factors that contribute to the occurrence of local
plasma inhomogeneities near the emission grid can increase the stability of electron beam
generation, thus, it will increase the duration of the discharge pulse of the beam current, as
well as the operating pressure in the plasma emitter of electrons. A low-pressure glow
discharge with a hollow cathode allows creating a more uniform plasma near the emission
grid than arc-based discharge cells. However, the currents in this type of discharge are 2-3
orders of magnitude lower than in a low-pressure arc discharge.
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The Goal
In the pulsed mode of a high-current low-pressure glow discharge
with a hollow cathode supported by external electron injection,
currents up to several hundred amperes are reached, which means
that the required electron emission current densities can be obtained.
To assess the possibility of using a non-self-sustained glow
discharge plasma for pulsed intense electron beams generating, we
investigate the characteristics of a pulsed non-independent glow
discharge with a hollow cathode in the pressure range (0.025 – 0.25)
Pa at currents up to several hundred amperes and the current of
injected electrons up to 100 A, as well as plasma parameters in these
modes.
The goal is to achieve high (~1012 cm-3) plasma concentration
while operating at low (~ 10-2 Pa) pressures in reviewed system.
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Scheme of the experimental setup
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Current-voltage characteristics of pulsed non-self-sustained glow
discharge with hollow cathode (Argon)
p (Ar) = 0.25 Pa

p (Ar) = 0.05 Pa

■ Ia = 50A,

● Ia = 100A,

▲ Ia = 150A,

Ia : 63 A/div ,
200 us/div

Id : 200 A/div,

Ud : 50 V/div,
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p (Ar) = 0.025 Pa

▼ Ia = 200A
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Emission and amplification characteristics

p(Ar) = 0.025 Pa
▼ Ud = 200 V
▲ Ud = 150 V
● Ud = 125 V
■ Ud = 100 V

▲ Ia = 70 A, Ud = 300 V
■ Ia = 70 A, Ud = 200 V
▼ Ia = 50 A, Ud = 300 V
● Ia = 50 A, Ud = 200 V

The measured dependences of the glow discharge current I d on the auxiliary arc discharge current Ia are
linear, as expected.
A significant gas gain can be explained by an improvement in the conditions for energy utilization of
electrons accelerated in the cathode layer before their departure to the ring anode.
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Increasing of electron energy utilization degree

p(Ar): 0.025 Pa (1,4), 0.05 Pa (2,5), 0.25 Pa (3,6)
Ia :

150 А (1, 2, 3), 200 А (4, 5, 6).

The free path of the electron at pressures of 0.025 Pa,
0.05 Pa, and 0.25 Pa for argon is about 2.8 m, 1.4 m,
and 0.28 m, respectively.
The number of ionization that an accelerated electron
can perform before reaching the anode is 8(0.025 Pa),
16(0.05 Pa), and 80 (0.25 Pa).
At discharge voltage of about 300 V, the electron will go
to the anode, not completely wasting energy, at a
pressure of 0.025 Pa.
In general, an increase in the operating pressure makes
it possible to increase the degree of utilization of
electron energy in the plasma. However, there was also
an improvement in the disposal conditions at the studied
reduced pressures: straightening of the volt-ampere
characteristics is observed at increased discharge power
values (Ia = 200 A).
At high values of the glow discharge current, the
dependences at pressures of 0.025 Pa and 0.05 Pa are
almost identical (4,5)
At the same time, in the region of the glow discharge
current of about 800 A, the VAC points for all three
pressures become close, which can be explained by the
influence of an increased degree of plasma ionization ,
in which the average free path of electrons decreases due
to Coulomb interaction reactions, whose interaction
section is 2 orders of magnitude higher than the
interaction section of electrons with neutrals, that is,
additional channels for electron energy utilization arise.
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Probe measurements
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Single probe characteristics:
D = 0.35 mm, L = 5 mm

Electron temperature, eV
Plasma potential, V
Plasma concentration, cm-3
Ionization degree, %

p = 0.025 Pa;
Ia = 100 А;
Id = 750 А;
Ud = 350 V

p = 0.05 Pa;
Ia = 100 А;
Id = 780 А;
Ud = 325 V

p = 0.25 Pa;
Ia = 100 А;
Id = 780 А;
Ud = 250 V

4

3,3

2,2

-14

-8,5

-2,3

1×1012

1.2×1012

2.3×1012

16

10

3,8
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Plasma characteristics distribution along the chamber depth

P (Ar) = 0.025 Pa,
Ia = 100 A,
Id = 750 A,
Ud = 350 V

Plasma parameters change along the depth of the chamber may be interpreted by the fact that
the probe is located not coaxially to the plasma source system’s axis.
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Conclusions
•

11

Pulse currents up to 800 A were obtained in a low pressure (0.025-0.25 Pa) non – self-sustained glow
discharge with a hollow cathode of 0.34 m3 at a discharge voltage up to 400 V and a pulse duration
of 1 ms. Plasma concentration reaches 1012 cm-3 with an ionization degree 16 %.

•

An increase in the operating pressure from 0.025 to 0.25 Pa leads to a gas amplification increase in
the glow discharge current up to 3 times. However, at high values of the glow discharge current, the
volt-ampere characteristics at pressures of 0.025 Pa and 0.05 Pa are almost identical. This may be
due to the influence of an increased degree of plasma ionization.

•

The obtained experimental data and estimates show that the free path length λk between Coulomb
interactions in the pressure range (0.025 – 0.05) Pa is approximately 3.5 times less than λi when
interacting with neutrals, so Coulomb interactions at a high (10-15 %) degree of plasma ionization
have a significant impact on the trajectory of charged particles, interparticle interaction, and
therefore contribute to a more efficient utilization of the energy of fast electrons in the glow
discharge plasma before they go away to the anode.

•

The measured electron saturation current densities per probe were 3.7 A/cm2 (0.025 Pa), 5 A/cm2
(0.05 Pa) and 6.7 A/cm2 (0.25 Pa). This indicates the prospects for using pulsed plasma of a highcurrent glow discharge with a hollow cathode in devices for generating pulsed intense electron
beams of large cross-section used for exciting gas lasers, implementing plasma chemical processes,
sterilization and other processes, the number of which is growing as electron sources are improved.
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Thank you for attention!
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