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Research on antenna reconfguration is important in antenna applications.We present design of amulti-polarized plasma antenna
with 40.68MHz radio frequency (RF) power supplies and several discharge tubes flled with argon (neon) and mercury. Fur-
thermore, self-made regulating circuits among the vibrators are introduced for the antenna array system. It can not only make the
length of the dipole controllable but also improve the antenna gain and circular polarization (CP) performance under diferent
lengths. Antenna arrays can be classifed into linear and circular polarization by quickly adjusting the phase diference between
vibrators. Both the experimental and simulation results indicate that the plasma antenna can realize impedance, pattern, and
polarization reconstruction expediently. In addition, the linear polarization (LP) and CP can be transformed into each other
quickly by adjusting the discharge conditions and regulating circuits. Moreover, compared with a symmetrical cross vibrator
plasma antenna and a metal antenna of the same size, the proposed antenna array shows a certain gain and good reconfgurable
performance within the frequency band of 150–250MHz.

1. Introduction

For several years, the problem of plasma reconstruction of
plasma antennas has been proposed [1, 2]. Plasma antenna is
a type of radio frequency (RF) antenna for radiating and
receiving electromagnetic (EM) waves under certain con-
ditions. In other words, the metal elements of a conventional
antenna can be replaced with plasma element medium. An
antenna array can be established in the complex plasma
antenna system. Plasma antennas ofer some distinct ad-
vantages compared to conventional metallic antennas [3–6]
like simple structure and rapid reconfguration. Besides, in
the plasma antenna array system, the mutual coupling efect
between the vibrators is relatively low [7]. Simultaneously,
plasma permits antenna structures to be reconfgurable
concerning antenna shape, working frequency, signal
bandwidth, pattern, polarization, directivity, and gain on
millisecond to microsecond timescales [4, 8, 9]. For defense
applications, plasma antenna presents stealth features by
being quickly deionized when scanned by the radar de-
tection device.Terefore, the plasma antenna or its array can
be used for reconfgurable antenna, beamforming, military
applications, etc.

Plasma antennas have attracted the attention of re-
searchers because of their benefts, such as stealth and rapid
reconstruction. Borg et al. [3] studied the properties like
efciencies and radiation patterns of the monopole antenna,
which has been used in communication applications.
Papadimopoulos and Di Iorio [7] tested the excitation of
a plasma antenna using the argon surface wave discharge
operating at 500MHz with RF power levels up to 120W.
Kumar and Bora [10–12] showed that plasma shape in the
discharge tube can be changed by modifying the plasma
parameters, like linear, helix, and spiral. Ye et al. [13] have
established the system equations of plasma linear antenna
according to the rule of the disturbing current and further
identifed the noise. Russo et al. [14, 15] have studied the
properties of the plasma column antenna in both qualitative
and quantitative manner. Zhao et al. [16–19] studied the
fexible plasma antenna and achieved the performance of
regulating antenna pattern, gain, bandwidth, and even po-
larization by changing its shape. However, fxed and rotating
devices are required to control antenna deformation
through mechanical rotation, which is limited by cost and
application. Zainud-Deen et al. [20, 21] have done a lot of
work in reconfgurable antennas and antenna arrays.
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It can be seen that research on plasma antennas hasmade
certain progress. However, there are still problems such as
fast reconstruction of antenna polarization and improve-
ment of antenna gain that need to be addressed. In addition,
the gain of the traditional single-ended plasma antenna is
not high when the plasma vibrator is short. Terefore,
a plasma antenna array is designed by combining a plasma
vibrator, a cross array, and self-made regulating circuits
among the vibrators. Te vibrator length and plasma density
can be adjusted electronically. Te polarization performance
of the antenna can be realized quickly and conveniently by
changing the number of working vibrators and the phase
diference between the adjacent vibrators.

Te remainder of this paper is organized as follows. In
Section 2, the design of the antenna array is discussed.
Section 3 illustrates antenna reconstruction and the basic
design principle of the antenna array. Section 4 demon-
strates the antenna performance from the perspective of
simulation and empirical test methods.

2. Construction of the Plasma Antenna Array

2.1. Design and Structure of the Plasma Antenna. Te design
details of the proposed plasma antenna array are shown in
Figure 1. Both the frequency band and reconstruction can be
determined by the antenna’s substructure. Te main body of
the antenna array is composed of 4 vibrators (plasma col-
umn), a fxed device, regulating circuits, and a plasma ex-
citing device. Te four vibrators of the antenna are arranged
in the form of cross vibrators (the angle between the axial
direction of the vibrators and the horizontal direction is
0 degrees) or inclined cross vibrators (the angles between the
axial direction of the vibrators and the horizontal direction
are greater than 0 degrees but less than 60 degrees) using the
fxed device. Te polarization characteristics of antenna
array may be diferent under various inclination angles. Te
discharge tubes are flled with inert gas (neon or argon in the
experiment) and a small amount of mercury. Te feeding
ports of vibrators 1 and 2 are connected together with
a metal wire, and the same is done for vibrators 3 and 4. Te
metal wire connecting vibrators 1 and 2 is connected to the
inner conductor of the coaxial line, and the metal wire
connecting vibrators 3 and 4 is connected to the outer
conductor of the coaxial line (the coaxial line is omitted in
Figure 1). Te plasma is excited and maintained by
40.68MHz power supplies. Te excitation electrode is an
induction coil with a diameter of 2 cm and a number of turns
of 6 to 8.Te innovation of this study is that the dipole length
of the antenna array can be changed by adjusting the dis-
charge power and the regulating circuits. In the regulation
circuit system, several coupling rings are connected at dif-
ferent positions of the discharge tube.Te coupling rings are
connected to the controlling switches by the coaxial line.
Taking switch 1 as an example, when switch 1 is closed,
coupling ring 1 is connected to the regulation circuit, and the
plasma length remains unchanged after the power is con-
tinuously increased. By changing the switch working state of
diferent coupling rings, not only the antenna length can be
changed, but also a high electron density can be maintained.

In traditional single-ended excitation, the plasma density
varies signifcantly along the axial direction. Moreover, as
the discharge power increases, the antenna length becomes
longer, until the plasma completely flls the discharge tube.
As a result, when the length of the antenna oscillator is short,
the antenna gain is low. Te regulating circuit solves the
problem that the gain of the traditional surface wave plasma
antenna is low when the plasma is not flled with the dis-
charge tube. In the experiment, the inner and outer di-
ameters of the discharge tube are 10mm and 12mm,
respectively. Te length of the discharge tube is 120mm.Te
vibrator’s (plasma column) length ranges from 50 to 118 cm
by controlling the discharge power and the regulating
circuits.

Two cross vibrator antennas with diferent structures are
constructed for comparison to show the advantages of the
proposed cross vibrator plasma antenna. Tere are four
exciting electrodes, as shown in Figure 2. More specifcally,
sleeve antennas are wrapped around the tube ends and used
to couple the signals to the discharge tubes. Note that the
feeding ports of vibrators 1 and 3 are connected by a 180°
phase shifting line, while feeding ports 2 and 4 are connected
with another phase shifting line. For every vibrator, there is
a dielectric layer between the feeding port and the shell,
where the feeding port is connected to a signal source and
the shell is grounded. Tis antenna is called a symmetrical
cross vibrator antenna.Te feeding ports of vibrators 1 and 2
are connected by a 3 dB power divider, and the corre-
sponding phase diference is 90 degrees. Te other cross
vibrator plasma antenna array is made by us in the early
stage, and the structure is from reference [19]. In the two
antenna array systems, the discharge tubes are the same as
those of the proposed antenna array. However, the two
antenna array systems are excited by 12 kHz power supplies,
and the single-ended excitation mode is adopted. Te ex-
citation mode cannot increase the plasma electron density at
a fxed length because the vibrator length is changed when
the power is increased. A metal antenna array with the same
structure and size as the proposed plasma antenna is
established for comparison of gain and reconfgurability in
the experiment.

2.2. Polarization Reconfgurable Structure. Te amplitude
and phase can be simultaneously controlled by changing the
plasma density and working state of the vibrators. Te cross
vibrator plasma antenna is composed of two double-arm
vibrator antennas with a constant amplitude and an or-
thogonal feed. Te reconfgurable model of the proposed
cross vibrator array is shown in Figure 3(a). Vibrators 1 and
2 are connected, and vibrators 3 and 4 are the same. If the
lengths of vibrators 1 and 3 are about one quarter wave-
length λ shorter than those of vibrators 2 and 4, the phases of
vibrators 1, 2, 3, and 4 are 0°, 90° 180°, and 270°, respectively.
It should be noted that if the lengths of vibrators 1 and 3 are
approximately one quarter wavelength λ longer than those of
vibrators 2 and 4, the phases of vibrators 1, 2, 3, and 4 are 0°,
−90°, −180°, and −270°, respectively. By controlling the
length and working number of the vibrators, the polarization
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reconfguration containing VP, HP, LHCP, and RHCP can
be easily realized. Our previous studies provide the criteria
for the fexible antenna selection [17, 18]. However, the self-
phase-shifting cross vibrator is a convenient yet practical
method of polarization reconfguration implementation.
More specifcally, polarization reconstruction can be easily
realized by electronic control without mechanical device
deformation, compared to the antenna structure in our
previous studies [16, 18]. Moreover, the feeding and
beamforming networks are supplementary in the antenna
system, which aims to solve the isolation and matching
problems of feeding and beamforming networks [19].

For each of the two double-arm vibrator antennas,
a 180-degree phase shifted transmission line is used to
ensure phase diference of the four feed ports (varying by
90 degrees in turn). As shown in the symmetrical cross

vibrator plasma antenna system (see Figure 3(b)), a 3 dB
power divider is utilized to provide two signals with equal
amplitude and orthogonal phase diference. One of the
power divider output ports is connected to the feed end of
vibrator 1, and the other is connected to vibrator 2. Te
phase diference of oscillator 3 behind oscillator 1 is 180°,
and this rule is applicable to the phase diference between
vibrators 4 and 2 (see Figure 3(b)). Owing to the quad-
rature characteristics of the power divider, the phases of
vibrators 1, 2, 3, and 4 are set to 0°, 90°, 180°, and 270°,
respectively. In this manner, we can easily achieve the CP.
Te RHCP and LHCP can be transformed into each other
by changing the phase diference between the two ports of
the power divider. Te proposed antenna can efciently
control the plasma parameters and the vibrator working
status.

Vibrator 1

Vibrator 2

Vibrator 3

Vibrator 4

Excitation electrodes

Regulation circuit

Ring 1 Ring 2
Switch 1

Switch 2

Feeding port

Figure 1: Te schematic overview for the multi-polarized antenna array.

Vibrator1

Vibrator2

Vibrator3

Vibrator4

Iube

Plasma

Exciting electrodes

Phase shifing line

Power supply Power supply

Feeding port
Shell

Figure 2: Te schematic overview for symmetrical cross vibrator antenna.
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3. Basic Principle

Conventional circularly polarized plasma and metal an-
tennas can only radiate RHCP or LHCP signals. For in-
stance, the polarization of the helical antenna is determined
by the winding direction of the helix [18]. Te vibrator
antenna array system contains four vibrators, and the plasma
medium for each vibrator is considered as a good conductor
owing to its ionization capability. When an excitation signal
propagates along the discharge tube, the maximum value of
the EM feld in an ideal space environment exponentially
decreases in the radial direction of the column. Te complex
permittivity of the excited plasma can be expressed using the
following equation [17, 19]:

εr � 1 −
ω2
pe

ω ω − jυen( 
, (1)

where υen is the plasma collision frequency, ω is the angular
frequency of the EM wave, and ωpe is the angular frequency
of the plasma, and the plasma conductivity is obtained with
the following equation:
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e
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where ne is electron density related to the collision cross
section and the electron velocity. Besides, the plasma

vibrator is similar to a metal vibrator when ωpe is signif-
cantly larger than ω. Te plasma column is produced and
maintained by the kHz, MHz, or GHz input discharge
signals. me is the mass of an electron. It is found that plasma
conductivity is afected by the electron density at a fxed
collision frequency [22]. Besides, the plasma vibrator is
similar to a metal vibrator when ωpe is signifcantly larger
than ω. Te plasma column is produced and maintained by
the kHz, MHz, or GHz input discharge signals.Te electrical
current distribution of the plasma antenna can be quantifed
by considering the signal wavenumber, and the corre-
sponding formulas can be found in (3)–(5) [18].
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where c0 is the light speed in vacuum and εr and εd are the
relative permittivities in and around the vibrator, re-
spectively. In(·) and Kn(·) are the frst and second modifed
Bessel functions of integer order n. Te current distribution
I(z) along the plasma vibrator can be reformulated as
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0° 90° 180° 270°

Vibrator1 Vibrator2 Vibrator3 Vibrator4

(a)

0° 90° 180° 270°

Vibrator1 Vibrator2 Vibrator3 Vibrator4

0° 90°

Power Divider

(b)

Figure 3: Te reconfgurable model of the cross vibrator plasma antenna: (a) self-phase-shifting cross vibrator; (b) cross vibrator antenna
with power divider.
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where I0 is the currentmagnitude, l is the antenna length, z is
the axial distance from the bottom of the vibrator, and kr and
kj are the real and imaginary parts of the wavenumber k(z),
respectively. Antenna theory indicates that the far-feld
radiation can be expressed as

F(θ) �
sin θ
Imax


l

−l
I(z) exp[jk(z)z cos(θ)]dz




, (7)

where Imax is the maximum current and z is the distance
along the axial direction of the plasma column. Te CP
antenna can easily fulfl the polarization matching task. A
cross vibrator structure with two perpendicular dipole an-
tennas is established. Te relative amplitude and phase of
each vibrator can be modifed by adjusting the plasma
parameters, as shown in Figures 1 and 2. Te circular po-
larization signal is generated by the rotation of a linear vector
feld. Reference [19] shows the phase relationship between
the horizontal polarization (HP) and vertical polarization
(VP) elements as follows:

zx � −tan
Bx




Gx

< 0,

zy � −tan
By





Gy

> 0,

(8)

where zx and zy represent the conductance in x- and y-
directions, z � zx − zy � −90∘, and the polarization mode is
RHCP. Besides, the polarization mode is LHCP when
z � zx − zy � 90∘. Bx and By represent the susceptance in x-
and y-directions, respectively [19].

4. Parametric Study and Performance Analysis

We conduct a series of experiments to investigate antenna
performance by testing parameter setting sensitivity. Some
additional parameters are determined using the simulation
results. Te fabricated cross vibrator plasma antenna array is
shown in Figure 4, which contains four fuorescent tubes
flled with argon and mercury. Te length of the fuorescent
tube length is 120mm, which can be modifed by adjusting
the discharge state. We tested the performance of two other
types of cross antennas, which can be mutually transformed
by changing the feeding model and the discharge state.

4.1. Plasma Parameter. Te tubes (which are custom
designed) are flled with Ar and Hg at about 50 Pa. In our
previous study, DC, 50Hz AC, 5–40 kHz AC, 1–40.68MHz
AC, and 2.45GHz AC power supplies are used to produce
plasma vibrators and antenna arrays [16–19]. Te electron
temperature and density are measured using an optical
spectrometer and a Langmuir double probe system, as
shown in Figure 5. Table 1 shows the range of plasma
electron temperature and density under diferent discharge
powers. It is clear that the electron densities of plasma driven
by 40.68MHz AC and 2.45GHz AC power supplies are

higher, and the highest value reaches 1019m−3. Te gain of
the antennas driven by 40.68MHz AC and 2.45GHz AC
power supplies is higher than that driven by other sources. In
our experiment, it is difcult for the microwave power
supply to generate the four proposed vibrators because of
too large volume and power of the power supplies. Addi-
tional multiple MHz excitation sources are required to
generate an antenna array. Te DC and 50 (or 60) Hz AC
sources are not employed because of their very large noise
[23, 24].

Te electron temperature, density, and starting time of
the plasma vibrator at diferent discharge powers are sys-
tematically measured in our study. Te light-electricity time
diference method is used to measure the starting time (or
switch-on time), which refects the polarization recon-
structed speed and the established velocity of the antenna
system. Te results are shown in Table 2. Te values are
obtained by averaging multiple measurements. Switch 1
connected tometal ring 1 (70 cm from the end) is closed, and
it is observed that when the plasma column (vibrator) does
not reach the position of coupling ring 1, the length of the
plasma column increases with an increase in the discharge
power. When the vibrator length reached 70 cm, owing to
the efect of the control circuit, the discharge power con-
tinued to increase, and the antenna length remained un-
changed at 70 cm, while the electron density increased. Te
experimental results suggest the plasma switch-on time
decreases from about 300 to 60 μs, and it indicates that the
antenna can achieve rapid reconstruction.

4.2. Confgurable Results of Frequency Band. Te vibrator
length and plasma parameters can be changed by adjusting
the discharge power. Tus, the antenna array can easily
reconstruct the frequency band. Te voltage standing wave
ratio (VSWR) can be measured directly by the network
analyzer (Keysight N9918A, 9 kHz–14GHz). Te charac-
teristic impedance of the transmission line is equal to the
50Ω output impedance of the network analyzer. Following
the rules in [17, 25], the input impedance of the antenna
feeding port can be analyzed by switching on/of the antenna
array vibrator. Terefore, the relationship between the input
impedance and VSWR can be expressed as (10).

Zin z′(  �
U z′( 

I z′( 
� Z0

1 + Γ z′( 

1 − Γ z′( 
, (9)

VSWR �
1 + Γ z′( 




1 − Γ z′( 



, (10)

where Z0 is the characteristic impedance of transmission
line. We test two types of cross vibrator plasma antennas:
symmetrical cross vibrator antenna with power divider and
the proposed plasma antenna array. Te discharge power is
chosen from 0 to 50W, and the length and diameter of each
vibrator ranged from 40 to 118 cm and 12mm, respectively.
Te experimental platform is ANSYS HFSS 2021 based on
the fnite element method (FEM). Te two antenna systems
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in Figure 6 are set based on the schematic settings following
the rule in [26]. Te simulation model was established by
introducing plasma conductivity and permittivity from
functions (1) and (2). Te axial distribution of electron
density in plasma vibrator is inhomogeneous. In the sim-
ulation model, the vibrator is divided into ten equal zones,
and the electron density is amplifed to the maximum
magnitude in terms of excitation, which shows a decreasing
tendency along the vibrator length [26–28].

In addition, the Langmuir double probes are embedded
along the discharge tube to estimate the electron density
distribution of the vibrator at diferent discharge powers as
shown in Figure 5. When the discharge power increases to
a certain value, the axial distribution of electron density can

be seen as uniform. Te model of the cross vibrator antenna
array is shown in Figure 6(a), and the length diference
between adjacent vibrators is about one-fourth to that of
wavelength λ. Te model of symmetrical cross vibrator
antenna is shown in Figure 6(b). Te experimental and
simulated results for the VSWR are shown in Figure 7. Note
that the tube is flled with Ar and Hg, and the gas pressure is
approximately 50 Pa. Te discharge power is 12W, and the
discharge frequency is 40.68MHz. Te electron temperature
Te is close to 2 eV. Te electron density ranged from 1016 to
1018m−3, and the corresponding plasma angular frequency
ωpe varied from 6 to 90GHz. We can obtain diferent vi-
brator lengths by changing the power inputs, and thus the
frequency band can be adjusted as well. Te empirical

Figure 4: Photographs of the designed cross vibrator plasma antenna array (the antenna array and the symmetrical cross vibrator can be
converted to each other by changing feeding status).

Figure 5: Measurement facility for electron temperature, density, and the switch-on time.

Table 1: Range of electron temperature and density of plasma vibrator generated by diferent power supplies.

Sources DC 50Hz 5–40 kHz 1–40.68MHz 2.45GHz
Temperature (eV) 1-2 1–3 1–3 1–4 1–5
Density (m−3) 1014–1016 1014–1016 1014–1017 1014–1018 1015–1019

Table 2: Measurement results of some parameters of plasma vibrator driven by 40.68MHz power supplies when switch 1 is closed.

Power (W) 1.0 5.0 12.0 25.0 35.0
Density (m−3) 3×1014 1016 7.5×1016 4.0×1017 8.0×1017

Starting time (μs) 280 176 130 98 64
Vibrator length (cm) 30 57 70 70 70
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frequency is close to the simulated data. It is worth men-
tioning that the empirical impedance bandwidth obtained is
larger than the simulated one. Te main reason may be that
the axial distribution of election density is supposed to be
uniform actually, which is in disorder during the experi-
ments. Besides, whenωpe is small, the loss of EM by plasma is
a little large. Moreover, perhaps due to the unstable dis-
charge state, when the discharge power is low, the experi-
mental results of VSWR fuctuate signifcantly compared to
the simulation results. It also can be seen that adjusting the
antenna length can alter the operating frequency of the
antenna.

4.3. Pattern Results and Discussion. In the proposed cross
vibrator plasma antenna system, the pattern can be
reconstructed by changing the length and the working mode
of the vibrators. An anechoic chamber is used; due to the
large size of the plasma antenna system, multiple receiving
antennas are arranged around the antenna array. Te dis-
tance between receiving antennas and the center of the
antenna system is 20m. Te gain in each direction is ob-
tained by averaging multiple measurements. Te antenna
length and switch status can be modifed by varying the
input power, the plasma parameters, and other factors.
Radiation pattern reconfguration is an important parameter
for an antenna, and it includes multiple characteristics such
as gain and polarization. Te results of the normalized ra-
diation pattern in the vertical plane with vibrator 1 switched
on or vibrators 1 and 3 switched on are shown in Figure 8.
Tis is because the patterns when opening vibrator 1 is
nearly the same as those when opening vibrators 1 and 3
simultaneously. Te working frequency is fxed at 200MHz.
In the experiment, vibrator lengths are 80 cm and 110 cm,
respectively, and the corresponding discharge powers are
18W and 28W. Te parameters for the column vibrator
were set for simulation as follows: plasma angular frequency
ωpe, 15 to 45GHz; length of plasma column (vibrator), 80 to
110 cm; collision frequency ]m, 0; and the signal frequency
ranges from 100 to 400MHz. As shown in Figure 8, the
shape of the radiation pattern can be changed by modifying
the antenna length. For Figures 8(a) and 8(b), the simulated
and empirical results are similar. When the length of the
oscillator reaches 1.1m, there is a slight diference between

the experimental and simulation results, especially in the
direction of the pattern and the beam width. It may be
because of the errors in the distance between diferent re-
ceiving antennas and transmitting antennas during the
experiment. Te pattern results for the antenna are shown in
Figure 9. At this time, the switch of coupling ring 2 (80 cm
from the feeding end of the tube) is closed and the discharge
powers are set at 28W and 40W, respectively. Terefore, the
vibrator length is fxed at 80 cm. Te results suggest that the
shape of the radiation pattern cannot be signifcantly
modifed by changing ωpe. However, the gain varies greatly.

4.4. Results of Polarization Reconfguration. Polarization
conversion of the antenna is very important for both the
symmetrical cross vibrator system and the cross vibrator
antenna system. Figure 10 shows the conversion methods
between HP antenna, VP antenna, and CP antenna in the
symmetrical cross vibrator system. Te antenna is a com-
bination of VP and HP. Te conversion of HP, VP, and CP
can be achieved by changing the number of activated vi-
brators and the discharge power. As indicated in Figure 10,
the antenna is characterized by VP when switching on the
vertical elements (Figure 10(a)). Figure 10(b) shows that the
antenna is characterized by HP by switching on the hori-
zontal vibrator(s). Te horizontal pattern of the HP antenna
is shown in Figure 11 and is similar to that in Figure 9(a).
However, the maximum directional ratio of the directional
pattern is biased upward, possibly because of the refection of
the earth. Moreover, the CPmay be fulflled by switching the
vibrators in the antenna system. We test the two types of
cross vibrator plasma antennas: a cross vibrator antenna
array and symmetrical cross vibrator antenna with power
divider. Te discharge power is from 0 to 50W, and each
vibrator has a length of 40 to 118 cm and a diameter of
10mm. Te estimated plasma parameters are converted to
conductivity and permittivity values.

We compare the polarization performance of two
plasma antenna arrays (the proposed plasma antenna and
the symmetrical cross vibrator antenna) at diferent working
frequencies. Figure 12 shows the normalized polarization
patterns of the two antenna systems with all the four vi-
brators switched on. Te working frequency is 200MHz. In
the antenna array system, the lengths of the long vibrators (1,

(a) (b)

Figure 6: Schematic overview of simulated antenna setups for the two types of cross vibrator plasma antennas. (a) Cross vibrator antenna
array. (b) Symmetrical cross vibrator antenna.
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Figure 7: Te measured and simulated results of vibrator VSWR. (a) Vibrator length: 57 cm, discharge power: 5W. (b) Vibrator length:
70 cm, discharge power: 25W.
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3) and short vibrators (2, 4) are 105 and 85 cm, respectively.
Both the discharge powers of the long and short vibrators are
28 and 20W, respectively.Te discharge power and length of
each vibrator of the comparison antenna are 28W and
105 cm, respectively. As shown in Figure 12(a), the gain of
the LHCP pattern is approximately 40% to 50% of that of the
RHCP pattern. Meanwhile, from Figure 12(b), the gain of
the LHCP pattern is approximately 50% to 60% of that of the
RHCP pattern. Te two antennas exhibit certain RHCP
characteristics. In addition, compared with the comparison

antenna, the simulation results are closer to the experimental
results because the axial distribution of the plasma electron
density in the comparison antenna is uneven. Figure 13
shows the normalized polarization patterns of the two an-
tenna systems with a working frequency of 300MHz. Te
experimental conditions in Figure 13(a) are as follows:
lengths of long and short vibrators, 85 cm and 70 cm, re-
spectively; discharge powers of long and short vibrators,
35W. Te experimental conditions in Figure 13(b) are the
same as those in Figure 12(b). From Figure 13(a), the gain of
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Figure 8: Radiation pattern of the antenna array system with one vibrator under working conditions. (a) Empirical results with a length of
80 cm. (b) Simulation results with a length of 80 cm. (c) Empirical results with a length of 110 cm. (d) Simulation results with a length of
110 cm.
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Figure 9: Radiation pattern of the antenna array system with a fxed length of 1m and diferent discharge powers: (a) simulation results and
(b) experimental results.
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(a) (b) (c)

Figure 10: Diferent polarization for the vibrator plasma antenna: (a) VP antenna, (b) HP antenna, and (c) CP antenna.
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Figure 11: Empirical H-plane patterns of the antenna system with horizontal vibrators in working mode.
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Figure 12:Te polarization patterns of the proposed antenna arrayMHz (a) and the comparison plasma antenna (b) at a working frequency
of 200MHz.
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the LHCP pattern is approximately 20% of that of the RHCP
pattern. In this way, the cross vibrator plasma antenna array
shows satisfed RHCP characteristics in a wide range of
angles. Tis indicates that increasing the plasma electron
density and changing the vibrator length can optimize the
polarization performance of the antenna. However, as
shown in Figure 13(b), the gain of the LHCP pattern is above
60% of that of the RHCP pattern. It is difcult to rapidly
change the polarization performance of an antenna.

Te LHCP is fulflled by making vibrators 2 and 4 long
vibrators (length: 85 cm) and vibrators 1 and 3 short vi-
brators (length: 70 cm). Te LHCP patterns of the cross
vibrator array are shown in Figure 14. Two types of discharge
powers are applied to four vibrators, 35W and 20W. It can
be observed that the cross vibrator plasma antenna array

presented LHCP characteristics with a working frequency of
300MHz. Besides, the polarization performance of the
antenna deteriorates as the discharge power decreases. Te
proposed cross vibrator antenna array integrated the
characteristics of VP, HP, RHCP, and LHCP. We compare
the gains of plasma antenna with those of metal antenna of
the same shape, as shown in Figure 15. For the plasma
antenna, there are two cases. (1) Te discharge powers of
vibrators 1 (3) and 2 (4) are adjusted at 18.4W and 6.4W,
respectively. Te corresponding lengths of 1 (3) and 2 (4) are
70 cm and 56 cm. (2) Both the discharge powers of vibrators
1 (3) and 2 (4) are adjusted at 18.4W, and the lengths of the
long and short vibrators remain unchanged. It can be seen
that when the discharge power is increased, the antenna gain
also increases. Te gain of the antenna is close to that of the
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Figure 13: Comparison of polarization patterns between the proposed antenna array (a) and comparison plasma antenna (b) with a working
frequency of 300MHz.
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metal antenna in a certain frequency range. When the
operating frequency is greater than 350MHz, the gain
diference between the metal antenna and the plasma an-
tenna becomes larger and larger. We have studied the po-
larization characteristics of antenna arrays at diferent
inclination angles, and the directional patterns were similar.
Te proposed antenna array can be used in VHF commu-
nication, maritime communication, beamforming antenna
[19], etc. Next, we will seek more efective ways to increase
plasma electron density. Table 3 shows the performance
comparison of various plasma antennas in recent years. It is
clear that the antenna we recommend has certain advantages
in terms of reconstruction method, reconstruction speed,
gain, etc., especially in terms of reconstruction speed.

5. Conclusions

Te multi-polarized plasma antenna array is designed to
achieve better antenna reconstruction. Both experimental
and simulation results indicate that the plasma antenna can
realize impedance, pattern, and polarization reconstruction
expediently. Te polarization conversion between VP, HP,
RHCP, and LHCP can be realized by adjusting the plasma
switch status and the phase diference between adjacent
vibrators. Te regulating circuit allows the antenna to obtain
a higher electron density while maintaining the constant
vibrator length. Tis antenna has better polarization and
gain characteristics compared to the cross vibrator plasma

antenna we designed previously. Compared with the metal
cross vibrator antenna, the multi-polarized array can rapidly
implement the conversion between RHCP and LHCP. Next,
we will fnd more efective ways to improve the gain.
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