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BREAK-DOWN OF THE MAGNETICALLY INSULATED DIODE
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In the present work the comparative analysis of computer simulation results and experimental data for “Radical” ion
source is carried out. The break-down curves are presented for different boundary conditions, such as: cathode-sheath-
anode, plasma-sheath-anode, ion-beam plasma-sheath-anode. The influence of thermo-electron emission on the
discharge characteristic was also investigated.
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INTRODUCTION
Last decades there is the considerable interest to

experimental and theoretical research of accelerators with
the closed drift of electrons in crossed EH fields [1]. It is
caused by the wide application of such type ion sources as
charged particle accelerators, space thrusters and in ion-
plasma technologies [2]. At the same time, despite
extensive researches, development of numerical and
analytical models of such systems allowing to carry out
engineering calculations is an actual problem.

In the previous work [3] the 2D Fluid Model of
accelerators with closed electron drift in crossed EH fields
[4] had been advanced. The model is based on analytical
solution of self-consistent equation system of motion,
particle and energy balance for ions and electrons in the
case of planar magnetically insulated diode. The
introduction of new parameters of normalization and
boundary conditions has allowed considerably to expand
the parameters range of model application and to
summarize the results of break-down, stationary states of
EH electron layer and the Hull cutoff in the magnetically
insulated diode.

The task of the present work is the comparative
analysis of the computer simulation results and
experimental data for “Radical” ion source [5].

EXPERIMENTAL SETUP

The schematic layout of the “Radical” ion source
and magnetic force lines configurations are shown on
Fig.1 Grounded cathode 1 with the 100 mm diameter ring
slot was made from the soft magnetic material. Radial
magnetic field with the value up to the 0.15 T was excited
by the solenoid 3. Anode 2 was cooled by water.

The working pressure range of the ion source was
10-4 -10-3 Torr, but the break-down of the discharge in
crossed EH fields takes place down to the pressure
10-5 Torr (the base pressure of the pumping system).

The electrodes geometry of “Radical” ion source
(Fig.1) approximately corresponds to the 1D model of the
magnetically insulated diode described below.

THEORETICAL MODEL

The 1D-steady state of electrons in crossed EH fields
is described by the following system of equations [4].
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  Where xj -electron current density; en -electron

density, ⊥b -cross-field mobility, iν - electron ionization
collision frequency.

Fig.1. Schematic layout of “Radical” ion source:
1 - cathode, 2 - anode, 3 - solenoid
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The boundary conditions for this system of equations
are
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the system of equations is given by:
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The solution of the system in parametric form is:
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The dependence of dimensionless density on electric field
is:
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The boundary condition for electron avalanches critical
electric field was determined from the energy balance
equation.
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W  - average electron energy ; iε  - energy loss per ion
creation.

The criterion for starting of electron avalanches is:
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If we determine the boundary condition
krEE =0

the
solution of the equations system will depend on one
parameter N.

The dependencies of dimensionless electron density n,
potential Φ and current j’ on the coordinate X for various
values of boundary density N are presented at Figs. 2, 3.
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Fig.2. The dependencies of non-dimensional
density on coordinate  for various values of

boundary density N (different electron emission
current from the cathode)
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Fig. 3. The dependencies of non-dimensional
potential Φ and non-dimensional current j’ on

coordinate  for various values of emission electron
current from the cathode, corresponding to different

values of N
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 EXPERIMENTAL RESULTS

EXPERIMENTAL RESULTS

The comparative analysis of computer simulation
results and experimental data for “Radical” ion source
was carried out.

 The most interesting result is the influence of electron
emission from moving thermo-cathode on discharge
characteristics. The dependences of “Radical” anode
current Ia, cathode current Ik and electron emission current
Iem on coordinate X of thermo-cathode are presented at
Fig.4. The solid curve Ith, calculated from the theoretical
model, corresponds to the experimental current Iem.

Also the break-down curves for different boundary
conditions, such as: cathode-sheath-anode, plasma-sheath-
anode, ion-beam plasma-sheath-anode was measured. The
comparison of theory and experimental data has shown a
good correspondence.

CONCLUSIONS

New presented result is the electric field boundary
condition for the starting of electron avalanches obtained
from the electron energy balance equation. This condition
has allowed to present a solution of a set of equations for
n, j’, Φ depending on single parameter N (electron density
on exterior boundary of the layer). It is possible to
determine 4 various regimes of the layer, which are
observed in experiments:
1.  N « 1 the case of the cold conductive cathode
2.  N  1 the case of ion-beam plasma
3.  N  1 the case of dense plasma
4.  N » 1 a case of a hot cathode on exterior boundary.

Let's mark, that in paper [4] one solution relevant to a
case N  1 is obtained only. At the same time quantitative
disagreement of experimental data and theoretical
calculations requires the further advancing of the model.
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Fig.4.  The experimental dependencies of “Radical”
source anode current Ia, cathode current Ik and
electron emission current Iem on coordinate X of

thermo-cathode. The solid curve Ith is the emission
current calculated from the theoretical model
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