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ABSTRACT This paper presents a new composite grid electrode structure for the generation of plasma
that is suitable for modeling microwave radiation transmission through atmospheric plasma. The new grid
anode-composite cathode (GA-CC) structure is to be contrasted with the ordinary grid anode-cathode plate
(GA-CP) structure. It is found that the breakdown voltage of the new GA-CC electrode structure is lower
than that of the GA-CP structure and is a bit shifted to the right on the Pd-axis. An advantage of the GA-CC
structure over the GA-CP structure is that it requires a lower voltage to generate the same current. It is
found that plasma generated by the new GA-CC structure selectively strengthens electromagnetic waves
attenuation in the frequency range of 9-12 GHz.

INDEX TERMS Grid anode, composite cathode, microwave attenuation, Paschen curves, current-voltage

characteristics.

I. INTRODUCTION

The propagation of electromagnetic waves in plasma is
attracting increased interest among researchers [1]-[5].
Global communication is becoming ever more important, and
that communicating depends on the transmission of electro-
magnetic waves through the atmosphere, much of it through
ionosphere, where plasma is the atmosphere’s basic state.
Plasma absorbs electromagnetic energy, weakening signals
and distorting the transmitted information. It is therefore
important to study the transmission of electromagnetic waves
through the atmospheric plasma layer.

In studying electromagnetic wave transmission in lower
atmospheric layers, there are two main plasma-related
problems to be addressed. One is “‘stealth” technol-
ogy [6]-[14]. The other is the blackout (or black barrier)
phenomenon [15]-[22]. Plasma stealth technology is the for-
mation of a plasma layer on the surface of a target, making
the target more difficult to detect. The use of a plasma as
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a stealth medium has two advantages: (1) It avoids the loss
of aerodynamic shape in the design of a stealth or low-
visibility, aircraft. (2) The plasma can be designed to have
wide absorption bands with high electromagnetic absorption
capability [23]. The black barrier phenomenon is also a prob-
lem in the field of aviation. Friction between the aircraft’s
surface and the atmosphere creates plasma as the aircraft flies
at high speed through the atmosphere. The existence of this
layer of plasma leads to a communication barrier between
the ground and the aircraft. In extreme cases, communication
may even be interrupted.

In order to deal with these problems, it is important to
study the interaction mechanism of plasma and electromag-
netic waves, a topic that has attracted much recent attention.
X.Y. Chen et al. studied an ultra-wideband absorber struc-
ture based on plasma stability. In this paper we propose that
the inhomogeneous distribution of the plasma is a key to
obtaining ultra-wideband wave absorption. Then we analyze
the electromagnetic reflection and absorption situation using
the scattering matrix method [23]. W. Y. Zhang et al. ana-
lyzed the interaction of electromagnetic waves with plasma
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through numerical simulations. Wave attenuation in plasma is
characterized by band attenuation. The electromagnetic radi-
ation decay improves significantly with a monotonic increase
in gas pressure and plasma thickness. As power increases,
the wave-decay band width and amplitude increase [24].
J. Zhang et al. investigated the effect of the dust size distri-
bution on the transport of electromagnetic waves in a weakly
ionized dust plasma. They found that the attenuation of elec-
tromagnetic waves is mainly determined by the largest dust
particles. The larger the dust particles, the stronger the decay
of the electromagnetic waves [25]. Z. Y. Wang et al. studied
the phase-shift properties of electromagnetic waves in the
plasma and the interaction of phase shift with the plasma elec-
tron density, collision frequency, and incident frequency [26].

Our laboratory has designed a new device that provides
a planar plasma source. Our design idea comes from anal-
ysis of some prior research. A promising method of pro-
ducing plasma that is able to provide the “‘stealth” effect
is plasma generation by high-energy electron beams (tens to
hundreds of keV), which have high ionizing ability. In recent
decades a number of publications reported on the generation
of electron beams in glow discharges with a grid electrode.
J.J. Rocca et al. studied glow discharge’s working character-
istics using a grid anode structure to produce an electron beam
and compared the electron-beam formed by ten different
cathode materials. The efficiency of electron beam generation
can reach 50-80% by ion bombardment of cathode materials
with a high secondary electron emission coefficient [27].
P. A. Bokhan et al. designed a discharge structure with self-
sustaining photoelectric discharge. In this discharge structure,
the anode adopts an open-hole structure. A mechanism for
the high efficiency of electron beam generation has been
proposed [28]. A. I. Golovin studied the electron beam gen-
eration process based on a grid anode open discharge and
obtained its discharge current and voltage characteristics [29].
R. L. Gao and J. S. Jia studied large-area plasma character-
istics produced by glow discharge with a coaxial grid hollow
cathode [30]-[32]. S. G. Belostotsky et al. proposed a method
to measure the luminous efficiency of the cathode phosphor’s
coating by using the electron beam generated by gas dis-
charge with a grid electrode [33]. A deeper understanding of
the grid discharge structure is gradually developing, and now
such structures can be used to generate large areas of planar
plasma suitable for attenuation of electromagnetic waves.

It is essential to study the propagation characteristics
of electromagnetic waves in plasma of large plane area.
We therefore developed a large-area device, and use it to
study the characteristics of plasmas. The main focus of this
research was to study characteristics of plasmas generated
in the post-anode space of grid glow discharges [34]-[38].
Other methods for studying large-area plasmas have also been
developed [39]-[42].

There have also been some studies of glow discharges
with brush and reverse-brush electrodes. K. Persson studied
a plasma generator with a brush electrode and found that
the brush electrode’s plasma had a high electron density.

7676

The electron density in helium plasma was 10'9-10'% cm™3,

and the electron temperature was in the range of 0.05 to
0.10 eV. The brush electrode structure provides a new way to
create a plasma layer over a large area with high density [43].
H. M. Musal studied the properties of plasma generated by a
plasma source with a reverse-brush electrode structure, and
found that the reverse brush electrode structure produces a
higher current than the brush electrode structure. The reverse-
brush electrode increases the surface area that is generating
electrons, which is beneficial for increasing the electron den-
sity of the generated plasma [44].

Based on the above research, we first used a conventional
DC grid structure that generates the post-anode plasma to
carry out experiments with a large area of planar plasma.
Because the characteristics of this plasma did not meet the
desired parameters, we combined ideas from multiple papers
and developed a composite grid electrode structure. This
paper presents experimental results of studying characteris-
tics of large-area planar plasmas generated with our new elec-
trode structure and a conventional DC grid structure. We also
explore whether the plasma produced by this structure is
conducive to the attenuation of electromagnetic waves.

Il. EXPERIMENTAL SETUP
In this paper, we report our study of the attenuation of electro-
magnetic wave transmission by a post-anode plasma, using
the arch antenna method, which is based on measuring the
attenuation of electromagnetic wave transmission using a
Keysight Vector Network Analyzer. The experimental data
obtained with this Keysight Vector Network Analyzer were
processed to characterize the transmission of plasma gener-
ated by a new discharge device with an electrode structure
consisting of a grid anode and a composite cathode.

A diagram of the experimental setup is shown in Figure 1.
It includes a plasma generating device (3), receiving and
transmitting horn antennas (11, 12) and the Keysight Vector
Network Analyzer (1), which was used to measure electro-
magnetic waves attenuation after the wave passes through
the plasma. The experimental setup was enclosed with an
absorbent sponge (2) to remove interference from the sur-
rounding environment. The plasma-generating device is an
electrode structure placed into a discharge chamber made
from a dielectric material. The dielectric material used in
the cavity is polytetrafluoroethylene. A high-voltage power
supply (6) supported a voltage range of 0-2500 V and a
current range of 0-10 A, providing power to the discharge.
The discharge chamber was pumped by a rotor pump and
then filled with helium, whose flow rate was controlled with
a trim valve (9). The top wall of the discharge chamber (10)
was made from tempered glass that allowed electromagnetic
waves to freely penetrate into the discharge chamber as well
as enabling observation of the discharge radiation. The sur-
face of the glass wall was placed normal to the path of the
incident electromagnetic waves.

The design of an ordinary grid electrode structure is shown
in Figure 2. Dimensions of the cathode plate and the grid
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FIGURE 1. A diagram of the experimental setup for measuring plasma
attenuation of microwave radiation. 1 - network analyzer, 2 - an
absorbent sponge, 3 - plasma generating device, 4 - cathode, 5 - anode,
6 - power supply, 7 - vacuum gauge, 8 - helium tank, 9 - trim valve,

10 - observation window, 11, 12 - receiving and transmitting horn
antennas, 13 - vacuum pump, 14 - trim valve.

anode are the same (175 mm x 175 mm). The cathode
plate (CP) is made of pure iron with a thickness of 1 mm.
The grid anode (GA) is made of stainless steel 304, also with a
thickness of 1 mm and with 100 15 mm x 15 mm square holes
in a 10 x 10 array. The space between the square holes was
2 mm. Hereinafter, we will refer to this electrode structure as
the grid anode-cathode plate (GA-CP) structure.

For the frequency range we used, 8 to 14 GHz, the wave-
length range was 3.75 to 2.14 cm. During the measurement
process, all possible metal obstacles to transmission were
covered with an absorbing sponge. The main area in the
cavity where the plasma was formed was much larger than
the greatest wavelength of the electromagnetic waves. A ver-
tically incident electromagnetic wave passes through the cen-
tral regions of the plasma. The density in the domain near the
center of the post-anode plasma was uniformly distributed in
the transverse direction.

A study of the GA-CP structure showed that the elec-
tron density in the post-anode plasma and the degree of
helium ionization decrease with increasing helium pressure
and increase with increasing discharge current. The electron
density in the post-anode plasma is not high: n, is about
2 x 10 — 6 x 10'° cm™3, corresponding to a degree of
jonization of about 10~7-10~%. The maximum attenuation of
10-GHz microwave radiation is about 6% at a helium pressure
of 2 Torr [45]. The electrode structure shown in Figure 2 has
a very low degree of ionization, and the electron density
of the generated plasma has a very little influence on the
electromagnetic wave transmission.

Grid Anode

Vi v 2 a2 2
Vi

Vi . .
Vo a2

Cathode Plate
Square Grid

FIGURE 2. The GA-CP structure: grid anode and cathode plate (the GA-CP
structure).

We therefore developed a new structure with a grid
anode (GA) and a composite cathode (CC). The design of
this electrode structure is shown in Figure 3. The electrode
sizes of the new structure are the same as the electrode sizes
of the GA-CP structure. The grid anode design was the same
as in the GA-CP structure (1-mm thick stainless steel plate
with 100 15 mm x 15 mm square holes in a 10 x 10 array).
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The cathode was enhanced with 36 cathode columns arranged
on the periphery of the cathode plate. The cathode columns
were made of iron and had a diameter of 4 mm and a length
of 50 mm. In order to fix the cathode column, the thickness
of the cathode plate was increased to 5 mm. A schematic dia-
gram of a cell with a cathode column is shown in Figure 3(b).
Hereinafter, we will refer to this electrode structure as the grid
anode-composite cathode (GA-CC) structure.

To get the most accurate comparison of the performances
of these two electrode structures, we used helium as the
working gas. After pumping the cavity to a pressure of 30 Pa,
we filled it with helium to reach atmospheric pressure for
2 minutes, and then adjusted it to the pressure required for
the experiment. We did not use air as the experimental gas
because water vapor present in the ambient air affects the
breakdown voltage [46] and the current-voltage characteris-
tics [47], [48]. It should be note that the ambient air tempera-
ture in our laboratory was 18-23 °C, and air relative humidity
was approximately 10%. At these conditions the water vapor
content in helium in the discharge cavity was low and had
little impact on the experimental results. We therefore ignored
the air influence on characteristics of the discharges.

Cathode
column

(b)

Cathode Plate
Square Grid
Cathode Column

5/

Grid Anode k3
&
A

Square hole

boundary
Electrode !
(@) gap=Imm'

Cathode plate

-605mm,

FIGURE 3. (a) The GA-CC structure: grid anode and composite cathode
(GA-CC) structure; (b) A schematic diagram of a cell with a cathode
column.

IIl. EXPERIMENTAL RESULTS AND DISCUSSION

Paschen curves and current-voltage characteristics of dis-
charges in these electrode structures as well as attenuation
of microwave radiation by a post-anode plasma generated
in these two electrode structures, were studied for different
lengths of the electrode gap. In order to find out which
structure, GA-CP or GA-CC, is more promising, we first
measured and compared the Paschen curves and volt-ampere
characteristics of these two structures for a helium pressure
of 2 Torr.

To measure the Paschen curves for different structures,
we used the electrical circuit shown in Figure 2 in ref [49].
The digital oscilloscope was used to measure the breakdown
voltage. Stable voltage is displayed by the oscilloscope before
and after the breakdown. When the voltage reached the break-
down voltage, the voltage across the discharge gap sharply
decreased from the breakdown voltage to the current-limited
discharge voltage. At this time, the voltage displayed by the
power supply was the breakdown voltage. To reduce errors,
the breakdown voltage was averaged after a series of repeated
measurements. The error value of the breakdown voltage is
approximately £5V. After measuring the breakdown voltage
Uy, under certain conditions, the voltage was further applied,
and then the voltage of the high-voltage power supply and the

7677



IEEE Access

X. Lyu et al.: Attenuation of Microwave Radiation by Post-Anode Plasma in Composite Grid Electrode Structure

voltage on the resistor were recorded. The voltage U, across
the plasma and the current / in the entire circuit were then
determined by these values [49]. To determine the voltage
drop U, on the plasma we are subtracted the voltage drop
Ur on the shunt resistor from the output voltage U of the
high voltage power supply: U, = U — Ug. The current /
of the whole circuit is determined by the voltage Ur and
the values of the resistance R: I = Ug/R. Throughout the
experiment, the surface of the electrode was carefully and
regularly cleaned; therefore, the effect of surface impurities
was not taken into account, and only the effects of the pressure
and electrode gap on the breakdown voltage were considered.

The Paschen curves and current-voltage characteristics of
the studied electrode structures are shown in Figures 4 and 5.
Figures. 4(a) and 5(a) indicates that the Paschen curves for the
composite electrode structure (the GA-CC structure) are a bit
shifted to the right along the Pd-axis and downward along
the Up,-axis compared with these of the GA-CP structure.
These differences are greater for a greater gap length between
the electrodes. One can see from Figure 5(a) that the break-
down voltage of the new GA-CC structure is significantly
lower than that of the ordinary GA-CP structure. However,
the difference between the Paschen curves of the two elec-
trode structures completely disappears when the gap length
between the electrodes is as small as 1 mm.

Figures. 4(b) and 5(b) show that the voltage values at which
the GA-CC electrode structure achieves the same current as
the GA-CP electrode structure are lower which can be consid-
ered as an advantage of GA-CC. We conclude that the GA-CC
electrode structure has an advantage over the ordinary GA-CP
electrode structure at all studied electrode gap lengths above
1 mm and for all studied discharge conditions. Measurements
of -V characteristics of the two structures were performed
only at voltage below 360 V because we tried to minimize the
measurements at great voltages to avoid warming the shunt
resistor. These measurements are mainly to compare which
structure needs a lower voltage value to achieve the same
current value. The measured /-V characteristics indicate that
GA-CC has advantage by this criterion.

It should be noted that columns of the composite grid cath-
ode affect the discharge characteristics. This influence can be
understood from Figure 3(b). After the cathode columns are
added to the cathode plate, the anode and cathode’s gap length
becomes a range of values rather than a single value. The dis-
tance between the electrodes of the GA-CC structure defines
the distance between the grid anode and the cathode plate as
well as the distance between cathode columns and the grid
anode. For example, for the GA-CC structure the cathode-to-
anode gap range is from 1 mm up to 5.5-48.765 mm (the error
between the dimension measurement of the cathode column
and the side length of the square hole is 0.02 mm) when the
grid anode and cathode plate’s gap is 1 mm (see Figure 3(b)).
When the electrode gap length is less than 5.5 mm and Pd is
on the right branch of the Paschen curve, the electrode gap’s
breakdown voltage is determined primarily by gap length
between grid anode and cathode plate. However, when the
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gap length between grid anode and cathode plate is larger
than 5.5 mm, the electrode structure’s breakdown voltage will
be affected by the minimum breakdown path, which is the
distance between cathode columns and the grid anode (for
gap lengths of 6 and 8 mm). For gap lengths between the
grid anode and cathode plate of 6 and 8 mm, the GA-CC
structure’s breakdown voltage is significantly lower than that
of the GA-CP structure (Fig. 5(a)).

It is important to note that there are a number of factors
affecting the value of the breakdown voltage of the electrode
structure: (1) the product of pressure and the gap length
between grid anode and cathode plate [39]; (2) the selection
of an optimal breakdown path of the electrode structure by
discharge [50]-[53]; (3) variation of the mean free path of
electrons between grid anode and cathode plate; (4) change
in the energy of electrons [49]; and others. When the pressure
increases, the particle density increases and the frequency
of electron collisions with neutral particles increases, result-
ing in more collisions within the electrode gap. The mean
free path of the electrons becomes shorter and their energy
decreases. This reduces the chance of electrons reaching
the anode surface, thereby increasing the breakdown voltage
between the grid anode and the cathode.

So, in case if the electrode gap between grid anode and
cathode plate is greater than 5.5 mm or Pd value is on the
left branch of the Paschen curve, the GA-CC structure has
advantages relative to the GA-CP structure. The GA-CC
structure can generate a higher current under lower voltage.
This advantage should lead to producing plasma of higher
density behind the anode for a lower voltage. Therefore,
it should be expected that the post-anode plasma gener-
ated in the GA-CC structure will more strongly attenuate
electromagnetic waves. To test this deduction, we measured
the attenuation of microwave radiation by both electrode
structures.

As can be seen from Figure 4 and 5, the GA-CC structure is
more promising for generation of dense post-anode plasma.
However, our purpose was to study the characteristics of the
plasma at higher pressure, so we chose helium pressure in the
range of 5 - 20 Torr for further research.

In order to better compare the difference of microwave
attenuation by the two structures, we adopted two
approaches: (1) We fixed Pd value and measured attenuation
of the microwave radiation by the two structures at various
voltage applied to the structures (Figures 6(a), (c), and (e)).
(2) We fixed the voltage applied to the structures and obtained
attenuation of the microwave radiation at various Pd values
(Figures 6(b), (d), and (f)). Using the Vector Network Ana-
lyzer we measured the microwave attenuation at 151 points
in the 8-14 GHz frequency range (effects of empty structures
and environment were removed at the microwave attenuation
measurements). The measurements were carried out for a grid
anode-cathode plate gap of 1 mm [Figures 6(a) and (b)], 3 mm
[Figures 6(c) and (d)], and 5 mm [Figures 6(e) and (f)].

One can see in Figure 6 that post-anode plasmas in the
GA-CP structures at helium pressures of 5-10 Torr do not
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FIGURE 4. (a) The Paschen curves and (b) the current-voltage
characteristics of the two electrode structures for electrode gap lengths of

1-5 mm. Solid curves, GA-CP; dashed curves, GA-CC. The current-voltage
characteristics were obtained at a helium pressure of 2 Torr.

attenuate the microwave radiation, that small attenuation is
observed at a pressure of 15 Torr and electrode gap of 3mm,
and that maximum attenuation occurs at a frequency near
10.5 GHz. Simultaneously, there is significant attenuation of
the microwave radiation (up to 10%) with maximum atten-
uation in the frequency region near 10.5-11 GHz by the
post-anode plasma of the GA-CC structure. For the same
GA-CC structure (at unchanged gap length) the attenuation of
the microwave radiation by the post-anode plasma increases
with increasing applied voltage between the anode and cath-
ode and decreases with increasing helium pressure, except for
the GA-CC structure with an electrode gap length of 1 mm,
for which the pressure dependence of the attenuation is non-
monotonic.

In Figure 6, it can be seen that some attenuation values
of electromagnetic wave for plasma in the post-anode space
of the GA-CP are positive. We believe that the negative
conductivity of the plasma space behind the anode in some
frequency ranges may result in an electromagnetic wave gain
rather than attenuation [54], [55].

Figure 7 presents the effect of the electrode gap’s length
on the attenuation of microwave radiation in the post-anode
plasma of the GA-CC structure for a fixed voltage and pres-
sures of 5 Torr and 10 Torr. One can see that attenuation of the
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FIGURE 5. (a) The Paschen curves and (b) the current-voltage
characteristics of the two electrode structures for electrode gap lengths
of 6- and 8-mm. Solid curves, GA-CP; dashed curves, GA-CC. The
current-voltage characteristics were obtained at a helium pressure

of 2 Torr.

microwave radiation is largest when the gap length between
the grid anode and the cathode plate is 1 mm, and attenuation
is least for a gap length of 3 mm. Attenuation for the gap
length of 5 mm is occupies an intermediate. There is therefore
an optimal value of the electrode gap length at which the
relaxation length of the electron energy is greater than that
of the electrode gap, and the energy loss of fast electrons in
the electrode gap is minimized. As plasma density increases,
the number of fast electrons entering the post-anode space is
increased, and the density of the post-anode space’s plasma
is increased. Also, when the electrode gap is greater than or
close to the electron energy relaxation length, the discharge
current is greater for an electrode gap of 3 mm or 5 mm than
for a gap of 1 mm, as shown in Figure 4. At the same time, the
decay of the electromagnetic waves in the post-anode plasma
of the discharge with an electrode gap of 3 mm and 5 mm is
less than that with a 1-mm electrode gap.

To estimate the electron number density we use the
microwave phase shift method [45]. We find that when the
electrode gap length is 1-5 mm, the average electron number
density in the post-anode space varies within the range of
1.3 x 10" cm™3 to 7 x 10' cm™3 at a discharge voltage
of 500 V and helium pressures of 5-15 Torr [45]. Correspond-
ing plasma frequencies, fpe = wpe/2m ~ 89804/n,, are in the
range of 1.2-2.4 GHz. Here, n, is the electron number density
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. _ 1/2 .
incm™3 , Wpe = (ezne /mso) / , m and e are, respectively, the

mass and charge of an electron, and &g is the permittivity of
free space.

As it was shown above, for gap lengths between the grid
anode and cathode plate of 6 and 8 mm, the GA-CC struc-
ture’s breakdown voltage is significantly lower than that of
the GA-CP structure. At these gap lengths, we observed
the largest deviations between I-V characteristics of the
GA-CC and GA-CP configurations. Therefore, we measured
microwave attenuation for these structures with the electrode
gap of 6 mm. The results of the measurements are shown
in Figure 8. Comparing these attenuation curves with those
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on Figs. 6 e,f (for 5 mm gap length) one can note that there
is no essential difference between attenuation curves of the
GA-CC and GA-CP structures with gap lengths 5 and 6 mm.
We believe that this due to a decrease in the energy of runaway
electrons with an increase in the electrode gap and, hence,
a decrease in the electron density in the post-anode plasma.
The study showed the GA-CC structure is more promising
for the generation of dense post-anode plasma. We suppose
that advantage of the GA-CC structure over the GA-CP
structure is due to the additional acceleration of runaway
electrons and the secondary electrons generated by them
in the post-anode space in the electric field produced by
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with electrode gap lengths of 1-5 mm at a glow discharge voltage
of 500 V, for pressure of (a) 5 Torr and (b) 10 Torr.
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FIGURE 8. Attenuation of the microwave radiation in the GA-CP structure
and the GA-CC structure with electrode gap lengths of 6 mm at a glow
discharge voltage of 500 V, for pressure of 5 Torr, 10 Torr and 15 Torr. Dash
curve, Dot curve, Dash dot curve: GA-CP; Dash dot dot curve, Short dash
curve, Short dash dot curve: GA-CC.

cathode columns. Therefore, electron energy and, conse-
quently, their number density in post-anode plasma is higher
for GA-CC structure which explains the increase in the atten-
uation of microwave radiation in the post-anode plasma of
this structure.

IV. CONCLUSION
We designed a new composite grid electrode structure
(GA-CC) for the generation of plasma that is suitable for
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modeling microwave radiation transmission through atmo-
spheric plasma. Its characteristics were studied and compared
with those of an ordinary grid electrode structure (GA-CP).
It was found that the breakdown voltage of the GA-CC elec-
trode structure is lower than that of the GA-CP structure and
a bit shifted to the right on the Pd-axis. A study of current-
voltage characteristics shows that a lower voltage needs for
the GA-CC structure compared with the GA-CP structure
to generate the same current. This advantage leads to the
production of higher-density plasma behind the anode for
lower voltage.

In the post-anode plasma of the GA-CP structures, small
attenuation of microwaves was observed only at a helium
pressure of 15 Torr. But with the GA-CC structure, atten-
uation of the microwave radiation up to ~10% (—0.4 dB),
with a maximum attenuation in the frequency region near
10.5-11 GHz, was obtained in the post-anode plasma. These
experimental results show that the electron density of the
plasma generated by the new electrode structure is not
high enough to provide strong absorption of the microwave
radiation for frequencies of 8-14 GHz. But the attenuation
of microwave radiation by the GA-CC structure is much
higher than that by the GA-CP structure. For frequencies
of 10.5-11 GHz, attenuation reaches 10% for the GA-CC
structure with a gap distance of 1 mm. This indicates that
a small gap length between grid anode and cathode plate in
combination with increased electric field in post-anode space
leads to more intense ionization in the post-anode space,
which results in greater plasma density and as a consequence,
a greater attenuation of microwave radiation. In addition,
we found that this new electrode structure can selectively
enhance the absorption of an electromagnetic wave in the
frequency range of 9-12 GHz. It can be expected that the
density of the post-anode plasma will increase significantly if
each cell of the grid anode is provided with a cathode column
of smaller diameter so that the transparency of the anode grid
changes little as the field in the post-anode space increases.
We believe that this design can provide the plasma density
needed to significantly attenuate microwave radiation.
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