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Experiments aimed at locating the source generating an HF pulse during the opening of the plasma switch
and leading to explosive electron emission at the cathode were performed on DIN-2K pulse accelerator. It is
demonstrated that certain lamps glow during the explosive electron emission pulse. This may point to the possible
HF pulse generation during the opening of a plasma switch or radial interruption of current.

In order to locate the radiation source the FR-2 dielectric insert was introduced into the vacuum diode and
Ne lamps were placed over the anode mesh. The thickness of this insert was chosen to be larger than the electron
penetration depth. The lack of Ne indicator lamps glow when the anode was shielded by an FR-2 insert was
observed as opposed to the case of operation with the vacuum diode as a load.

The virtual cathode caused by the explosive emission from the cathode is shown to be the source of HF

radiation.

1. Introduction

The DIN-2K setup is a pulse electron
accelerator with inductive energy storage and a
plasma opening switch [1].

DIN-2K main chamber schematics is shown
in figure 1. Here 1 is the Rogowski coil for measuring
the Current Pulse Generator (CPG) current, 2 is the
high voltage insulator, 3 is the plasma gun unit, 4 is
the Rogowski coil for measuring load current, 5 is the
cathode of inductive energy storage coaxial line, 6 is
the setup body serving as an anode for the inductive
energy storage, 7 is the PMMA output flange.

The Rogowski coil 1 is designed for
measuring pulses of current with microsecond
duration and has a sensitivity of 1740 A/V. The
Rogowski coil 2 is designed for measuring pulses of
current with about 100 ns duration and has a
sensitivity of about 40 A/V. In our experiments
measurements with this coil were conducted through a
1:20 voltage divider.
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Fig. 1. Experimental setup

During the accelerator operation cycle
current pulses in it's power circuits are generating
broad band HF electromagnetic radiation. The goal of
the following experiments was finding out the regions
of the setup generating the maximum power of HF
radiation..

For this purpose the following experiments
registering the glow of neon indicator lamps were
conducted.:

1. The vacuum diode with circular cathode and flat

mesh anode serves as a load for inductive energy
storage. Neon indicator lamps are placed on the
setup output flange.
2. PMMA plate is put between the cathode and the
mesh anode of the vacuum diode. Indicator lamps
are placed on the setup output flange.
3. An FR-2 plate is put between the cathode and
mesh anode of the vacuum diode. FR-2 was chosen
as a dielectric for the barrier for it's optical opacity
to lower the plasma bridge glow intensity in the shot.
Indicator lamps were placed on the anode mesh.
4. An FR-2 plate is put after the anode mesh near the
vacuum diode and then another anode mesh is put
after the dielectric barrier plate. Indicator lamps are
fastened to the second anode mesh. On the output
flange additional indicator lamps were placed.
Hypothetically the virtual cathode was
formed when the inductive storage discharged
through the vacuum diode. Once formed the virtual
cathode leads to the HF oscillation of current and HF
radiation generation. The dielectric inserts in the
vacuum diode are impeding the virtual cathode
formation. Hence the HF radiation should not occur.
Moreover, if the HF radiation source happens to be
from the side of the coaxial line of the accelerator
there would be an anode mesh between the radiation
source and the measuring equipment. The presence
of such a shield would lead to the HF radiation
attenuation or even it's full reflection.

2. The anode mesh shielding properties
In [2] the relations between the
electromagnetic field attenuation B by a metallic
mesh made from wires of r radius and placed on the
distance a from one another for short wave radiation
with the wavelength of A are shown (fig. 2)
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Fig. 2. HF radiation attenuation by metallic mesh.

In the experiments described the anode mesh
was made from the stainless steel wire with 0.15 mm
radius. The distance between wires was 1 mm. The
a/r parameter was roughly 6.67, which tells us that in
the range of wavelengths from 5 to 20 mm the
attenuation was no less than 20 dB.

3. Experimental results
3.1 Vacuum diode

The neon lamp glow was registered by
Canon 550D camera in a video mode. For this
experiment the output flange was obscured by a black
cloth curtain. The indicator lamps, the scintillator and
several self-reading pocket dosimeters were placed
over the curtain. Neon lamps glow under the influence
of HF electric field [3] while the scintillator glows
from the x-ray excited luminescence [4]. The PCG
charging voltage — U. = 25 kV, plasma gun power
source is charged to U, = 8 kV, the cathode-anode
distance in a vacuum diode — d = 6 mm.

The brightest photo is shown in figure 3. For
the clear picture the brightness of the shot was
increased by a factor of five during post—processing.
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Fig. 3. Neon lamp glow
1 — glowing neon lamps, 2 — CsI(Tl) scintillator
glow.
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The Rogowski coils signals in this
experiment are shown in figure 4. 1 is the PCG
current (coil 1 from fig. 1), 2 is the current in the
diode load (coil 4 from fig. 1). Self-reading pocket
dosimeter DK-02 placed in the same plane as the
indicator lamps showed 50 mR.

Thus we see that when the inductive storage
is discharging through the vacuum diode the x-ray
radiation is registered at the same time as the glow
of neon indicator lamps. This shows that the source
of the HF radiation is located between the anode
mesh and the output flange of the setup as the mesh
anode serves as a shield for the electromagnetic
radiation emitted from the coaxial line of the
accelerator.

3.2 Vacuum diode with a PMMA barrier

For this experiment the main chamber of
the accelerator was rearranged according to figure 5.
Between the cathode 1 and a mesh anode 3 a PMMA
barrier 2 was placed. The barrier thickness — 3 mm
is much larger than the electron penetration depth
under the maximum expected accelerating voltage.
Such a barrier is impeding the formation of virtual
cathode in the space between an anode mesh 3 and
the output flange 4.
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Fig. 5. Dielectric barrier in a vacuum diode

Same as the experiment above, the neon
lamp glow was captured by Canon 550D camera in a
video recording mode. In this experiment the glow
was not present. The x-ray radiation was not
registered neither by the scintillator glow nor by the
DK-02.

Rogowski coils signals in this experiment
are shown in figure 6. The measuring circuit is the
same as in the first experiment.
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Fig. 6. Oscillograms of currents

From this we can assume that when the
inductive storage operates while loaded with a
vacuum diode with a PMMA plate between the
electrodes there is no x-ray radiation nor neon lamp
glow. Electrons can't reach the anode and there is no
x-ray nor HF radiation.

3.3 Vacuum diode with FR-2 barrier

In this case the setup was similar to the one
shown on fig. 5 with the only difference that there
were neon lamps fastened to the anode mesh. The
snapshot was taken through the output flange.
Figure 7 shows the brightest frame.

Fig. 7. Neon lamp glow on the anode mesh

It is easy to see the light from the plasma
bridge shining through the FR-2. The neon lamps
glow brightest near the cathode (a dark spot in the
middle of the red circle). If we shift the color balance
to the blues and increase the contrast (figure 8) we
will see clearly the neon lamp's glass luminescence
under the x-ray excitation [5].

Fig. 8. Glass luminescence

If we process the frame shown in figure 7
such that the color of the glow discharge in neon is the
most prominent we can observe that the glow

distribution of neon discharge does not coincide with
that of the x-ray excited luminescence in glass. The
brightest glowing lamps happen to be near the edge
of the cathode, yet they don't show the brightest blue
low (fig. 9).

Fig. 9 Neon gas discharge glow

From this experiment one can state that
when there is a dielectric barrier in the vacuum
diode of DIN-2K in the immediate vicinity of the
diode generation of x-ray and HF radiation is still
possible. It probably occurs during the current
interruption process in the plasma opening switch
and the explosive electron emission from the
cathode. The intensity distributions of these types of
radiation do not coincide.

3.4 Vacuum diode with an FR-2 barrier between two
anode meshes

The vacuum diode assembly is shown in

figure 10. Cathode 1 and the nearest to it anode

mesh 3 form a vacuum diode. An FR-2 barrier 2 is

placed between the anode meshes 3.
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g. 10 Experiment 4 setup

Neon lamps and the scintillator glow were
captured by Canon 550D camera in manual
exposition mode (Fig. 11).
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Fig. 11 Neon lamps and scintillator glow

In figure 11 we see 1 is the scintillator
glow, 2 is the glow of neon lamps and the light from



plasma bridge punching through the FR-2. 3 marks the
area where the neon lamps fastened to a plate of FR-2
were placed on the output flange of the accelerator. In
figure 3 these lamps are glowing and marked as 1.

Let us consider the neon lamp glow in the
area near the vacuum diode with a dielectric barrier.

Figure 12 shows the zoomed in area 2 in
figure 11. It was processed in such a way as to
amplify the blue light of the neon lamps glass caused
by x-ray radiation and the reddish glow of gas
discharge in them caused by HF electric field.

Comparing the results of the last two
experiments we can surmise that the presence of
anode mesh in front of the dielectric barrier in a
vacuum diode does not improve HF radiation
generation but neither does it make such generation
impossible.

Fig. 12. Glow of glass and neon of the lamps

4. Conclusion

The paper show that the virtual cathode
forming in behind the anode mesh during the electron
beam pulse is the source of radiation.

In the experiments with a dielectric barrier in
a vacuum diode this may explain the absence of the
glow of lamps placed on the output flange of the
accelerator chamber with the simultaneous presence
of such glow in lamps placed on the anode mesh itself.
The formation of a virtual cathode in the space
between the anode mesh and the output flange of the
accelerator could lead to the generation of HF electric
field strong enough to cause a discharge in neon lamps
(fig. 3). At the same time placing a dielectric barrier
impeding the formation of virtual cathode in front of
the anode mesh made registering the HF radiation
near the output flange impossible due to the shielding
effect of the anode mesh. Yet generation of the HF
radiation seems to be still possible in such a case(fig.
11).
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