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Abstract: - Reconfigurable characteristics of monopole plasma antenna are investigated in the paper, related 
analysis and experiments on the reconfigurable characteristics of the plasma antenna e.g., working frequency, 
radiation pattern are completed and many experimental results are obtained. The research results show that the 
reconfigurable characteristics of monopole plasma antenna can be realized and optimized under certain external 
excited conditions. The radiation parameters the plasma antenna array also can be reconfigured through 
changing variable parameters of the plasma elements, the related analysis and simulations are presented. 
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1 Introduction 

Plasma antenna is usually driven by radio 
frequency (RF) power, when the insulated tube 
filled with inert gas is discharged thus the plasma is 
created. The RF power is propagated between 
plasma and tube in surface wave mode, and the 
plasma column is also sustained by the energy of 
surface wave. The plasma has the properties which 
make it can be used as conducting medium; Plasma 
can be rapidly created through applying bursts of RF 
power to discharge the inert gas, and the plasma 
antenna can be rapidly switched on and off in 
microsecond, when it is off, it behaves like a 
dielectric material, when it is on, plasma can be 
used as the conductor, therefore, the power supplied 
ionizes the gas providing the conductive medium for 
the signal to be radiated , so it also can be applied as 
the conducting medium for  propagating the RF 
signals; in plasma antenna application two signals 
are needed: the pump signal that creates and sustains 
the plasma column, and the signal to be radiated that 
has to be coupled to the plasma element.[1-5].As 
known that plasma is a kind of dispersion medium, 
its electric parameters e.g., conductivity and 
permittivity are no longer the constant, parameters 
of the plasma mentioned above will be changed 
according to the plasma frequency, strength of 
driven power, the coupling methods and location of 
the power coupling on plasma antenna, etc [6-7]. Its 
parameters e.g., surface current distribution, 
radiation pattern, gain, conductivity and wave vector 
are entirely determined by the particle interactions 
of the plasma, and the dynamic movements of 

particles in plasma are governed by the external 
electrical fields, which make the plasma antenna 
have reconfigurable properties [8]. Reconfigurable 
methods of plasma antenna can be developed and 
obtained through related experiments and analysis.  
The physical characteristics of the plasma antenna 
e.g., the distribution of plasma density, antenna 
resonance length, noise and the radiation pattern 
under certain conditions are already analyzed and 
summarized in papers [9, 10, 11]. The researchers of 
the plasma antenna laboratory of Canberra 
University in Australia find that the changing of 
variable parameters of plasma antenna will lead to 
the changing in its radiation pattern [9-12]. Rayner 
finds that the length of plasma is directly 
proportional to the square root of excitation power, 
and the density of plasma along the antenna presents 
linear distribution. Many fundamental properties of 
the plasma antenna have already been investigated 
and many important results are obtained and which 
demonstrate the reconfigurable characteristics of 
plasma antenna [13-18].  

A rigorous representation has been obtained for 
the current distribution on an infinitely long plasma 
antenna. It is also found that the stability of resonant 
frequency increases with the increasing in frequency 
of the power supplied [19-23].  

From the related research works mentioned 
above, it can be concluded that the reconfigurable 
characteristics of the plasma antenna are the 
important advantage over the metallic antenna and 
the thorough and effective research work should be 
investigated. In this paper, the reconfigurable 
characteristics of the monopole plasma antenna are 
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presented through theory analysis, simulations and 
experiments. 
2 Reconfigurable Characteristic of 

Monopole   Plasma  Antenna 
2.1 Structure of Monopole Plasma Antenna 
Driven by Surface Wave  

Experimental devices of plasma antenna include 
discharge tube, RF power source, band-pass filter, 
RF transmission and coupling device, etc. The 
experimental diagram is as shown as Fig.1; the 
coupling arrangement of the plasma antenna and the 
experimental equipments are illustrated as Fig. 2 
and Fig. 3. 
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Fig.1. Experimental diagram of the plasma      
antenna  

   
                  (a)                                    (b) 

  
               (c)                                      (d) 
Fig.2. Photos of monopole plasma antenna driven  

by the surface wave 
When the plasma is in low electron temperature 
state, the interactions between neutral atoms and 
molecules are not most important; as known that the 
plasma properties are affected by the movements of 
particles [8]. If there is no external magnetic field 
around the plasma antenna and the inductive 

magnetic field is not taken into consideration, the 
conductivity of plasma is a scalar, otherwise, the 
state of plasma will become very complex, 
experiments of plasma antenna in this paper are also 
made in the environment where there is no external 
magnetic field and the inductive magnetic field is 
ignored. 

In the reconfigurable experiments of the plasma 
antenna, while parameters of plasma antenna need 
to be changed simultaneously, so the impedance 
matching of the plasma antenna system is very 
important. The key point in the realization of plasma 
elements to be used as plasma antennas is the 
ignition of the plasma column: the pump signal 
network has to be optimized in order to obtain the 
highest plasma conductivity with the lowest power 
at the same time; the realization of the feeding 
network must not degrade the antenna radiating 
properties. We adopted the automatic impedance 
matching equipment in the experiments to ensure 
the impedance of plasma antenna in real time and it 
can realize the impedance matching of plasma 
antenna in one second or one second and a half and 
this impedance equipment makes related 
experiments easy to be carried out. And the 
coupling method of the plasma antenna is shown as 
Fig.3. 

 
Fig.3. Coupling arrangements of the plasma antenna 
2.2 Reconfigurable Characteristics of the 
Working Frequency  

When the state of plasma is steady, the energy 
that per unit of plasma absorbs from the surface 
wave is equal to the energy loss from absorption, 
migration and compounding of electrons in the 
plasma [9].  

0 0( )n A p p≈               (1)                     

2 ( )( )
( )

mCV pA p
k p

≈            (2)  

The equations (1),(2) represent the relationships 
between the plasma density, gas pressure and the 
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collision frequency, respectively. From the 
equations above mentioned, it can be found that the 
numerical value of plasma density is related with the 
gas pressure p , ( )A p is a constant under certain 
inner pressure of the tube, C denotes the coefficient 
which is related to the specific experimental 
structure, the coefficient ( )pk represents the power 
loss of electron when the plasma pressure is p ,and 
the mV represents the collision frequency of electron 
and neutral particles in plasma [10]. When inner 
pressures of plasma antenna and excitation power 
are the constant, the plasma density is directly 
proportional to the square root of RF power.  As the 
Fig. 4 shows, in the experiments we adopted plasma 
antenna with the different radius and different inner 
pressure. The radius of the plasma antenna ranges 
from 2.5cm to 1.2cm and inner pressure of the 
plasma antenna ranges from 5pa to 150pa in the 
experiments. 

 
Fig.4. Plasma antennas with different radius  

 
                                     (a) 

 
                                      (b) 
Fig.5. (a) Plasma antenna when driven power is 15w, 
(b) Plasma antenna when driven power is 39w. 

 
Fig.6.Relationships between the driven power and 
the working frequency with different inner pressure  

 
Fig.7. Relationships between the driven power and 
the working frequency with different radius of the 
antenna 

It is known that the working frequency and the 
radiation efficiency of the plasma antenna are 
strongly affected by the resonance length of the 
plasma antenna according to the antenna theory. 
And relationships between the resonance length of 
plasma antenna and external excitation power in 
certain conditions have  been discussed in  papers 
[2-4].In the experiment shown as Fig.5, when the 
excited power is strengthened from the 30W to 
200W, the working frequency of the plasma antenna 
is changed from 2400MHz to 280MHz as Fig. 6 
illustrated, and the inner pressure of the plasma 
antenna is changed from 5pa to150pa, from the Fig. 
7, we can find that the ranges of the working 
frequency are reduced with the increase of inner 
pressure of plasma antenna. 

The relationship between the external excited 
power, inner pressure and the working frequency 
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when the radius of tube is 1.2cm which are 
illustrated as Fig. 6, when the strength of excitation 
power is changed from 30W to 200W, and the 
working frequency of plasma antenna is from 
1750MHz to 250MHz, with increase of the radius of 
plasma antenna, the range of working frequency is 
reduced accordingly. So from the results of related 
experiments in monopole plasma antenna if we want 
to get a large reconfigurable range of working 
frequency, the radius of plasma antenna should be 
small and the inner pressure of it should be low. 
2.3 Reconfigurable Characteristics of 
Radiation Pattern   

As the composition of gas, radius, and pressure 
of plasma antenna can not be changed if the plasma 
antenna has been produced and these parameters 
only can be changed in the producing process of the 
plasma antenna. Numerical calculations results 
demonstrate that when the excitation power is small, 
plasma density is not high; the reconfigurable 
properties of radiation pattern are unobvious. The 
experimental results show that if the plasma density 
is increased, the radiation pattern will be changed 
apparently with the increase of plasma density and 
excitation power. As it is known that the dispersion 
relationships of the plasma are very complicated and 
the related research has been investigated in our 
paper [24, 25]. Analyses of reconfigurable 
characteristics of the radiation pattern are made 
under a certain known dispersion relationship. From 
the theory of antenna, when the propagation signals 
are coupled in the middle of plasma antenna, plasma 
antenna can be regarded as center–fed dipole 
antenna, if the surface current of plasma antenna 
presents the sinusoid distribution approximately, the 
center point can be regarded as the zero point, and 
the symmetry axis is the z axis which are 
schematically indicated in Fig. 8. 

x

y

zPlasma 
antenna

Fig.8. Coordinate system of the plasma antenna  
The surface current of the antenna can be expressed 
as (3). 

0

0

sin( ( / 2 ) 0

sin( ( / 2 ) 0

j t
z

j t
z

I j I k L z e z
I j I k L z e z

ω

ω

 = = + <


= = − >
        (3)                                   

In the cylindrical coordinate system, the 
electrical field of the plasma antenna can be written 
as (4). 

0 0 cos( )0 0

0

( ) sin( )
4

l
ik r ik zk I zE i e e dz

r
θ

θ
η

θ
π

−= ∫         (4)                  

When the plasma antenna works in the traveling-
wave mode, the surface current of it can be 
expressed as (5).  

( )
0

i kz t
zI j I e ω− −= =                        (5) 

Whereω  represents the frequency of the signal, if 
the amplitude of current is independent on the wave 
vector k , i.e., when the value of k is changed, the 
amplitude change of the current can be neglected, 
then the electrical field can be obtained through (6), 

0
0

( cos( ) )
0 0 0

0

1sin( )
4 cos( )

il k k
iki tk I eE i e e

r k k

θ
ω

θ
η

θ
π θ

−
− −

=
−

    (6).                       

The un-normalized direction function of Eθ is 
expressed as (7), in the traveling-wave mode, the 
radiation pattern will be changed with different 
value of 0n k k= ,here k represents wave vector, 

and 0k cω= , 83 10 /c m s= × , It can be found that 
with  changing of n , the radiation pattern and the 
number of wave beam of the plasma antenna will be 
changed accordingly. When 0n k k= , the ( )f θ can 
be expressed as (8). 

0( cos )

0

0

0

1( ) sin( )
cos( )

cos( )sin( )
2sin( )

cos( )

il kef
k k

k l kl

k k

θ

θ θ
θ

θ

θ
θ

−
=

−

−

=
−

（ ）- k

             (7)                   

                         
0sin( )sin( ( cos( ))
2( )
cos( )

k l n
f

n

θ θ
θ

θ

−
=

−
         (8)    

The un-normalized direction function of the Eθ of 
the plasma antenna then can be written as below, 
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as the plasma antenna is driven by surface wave, 
from the dispersive relationships of plasma, the 
wave vector r ik k k= +  can be obtained. If the item 
of 02 k is neglected, the (10) can be obtained.  

0 0
2 2

cos( )sin( )( ) (cos( ) cos( ))
cos ( ) 2 2

k l nk lnf
n

θθθ
θ

×
= −

−
  (10)                                                                               

It can be found that the effects of 
cos( )n θ− and cos( )θ on the ( )f θ  becomes weaker 

with increasing of the value of n , ( )f θ then can be 
simplified written as (11), 

        0( ) sin( )sin( )
2

k lf nθ θ=                   (11).                         

From equation (11) we see that it is a periodic 
function, the cycle is 02 k lπ , ( )f θ  presents the 
periodic change with changing of the n .In the 
metallic medium ( 1n = ) and other medium ( 1n ≠ ), 
the values of are unchangeable. But in the plasma 
antenna, because the value n is not a constant, so if 
the density of plasma is changed, the value of n  will 
be changed accordingly, which leads to the variation 
of radiation efficiency. From the (a)(b)(c)(d) of Fig. 
9, it can be seen that with the increase of value of n , 
the right lobe of radiation pattern becomes larger ,if 
the value of n  changes continuously, the radiation 
pattern will present periodic changing . 

                                     

(a) n=1    

 

                               (b) n=1.3 

                                         (c) n=1.5  

 

                                          (d) n=1.7  

Fig.9. Radiation pattern of the plasma antenna with 
different n  

When the resonance length of the plasma 
antenna and the density of the plasma antenna are 
different, radiation patterns of the plasma antenna 
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also show many differences, which are presented  as 
the (a) (b) of the Fig.10. So the reconfigurable 
characteristics of the plasma antenna can be realized 
through changing the density of plasma and its 
effective length. The collision frequency of plasma 
antenna is anther important influence factor on the 
radiation pattern indicated as the Fig.11, the 
reconfigurable characteristics of plasma antenna are 
affected by many factors, and we should take all 
these factors into consideration in the application of 
reconfigurable characteristics of plasma antenna. 

          

( a)    

   

                                        (b) 

Fig.10. Radiation pattern of the plasma antenna with 
different density of the plasma  

 

Fig.11. Radiation pattern of the plasma antenna with 
different density and collision frequency 

   

                 (a)       

 

                 (b) 

 

(c)  
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(d) 

     

 (e)       

 

(f)    

Fig.12.Experiment photos of the plasma antenna  
In the reconfigurable experiments of the working 
frequency, with changing of the driven power which 
ignites the plasma antenna, the frequency of 
propagation signal will also be changed accordingly 
as illustrated in Fig. 12, photo (a) is a metallic 
antenna which is performed as received antenna and 
it is connected with the spectrum analyzer; photo (b) 
is the plasma antenna which is behaved as 
transmitting antenna, photo (c) (d) (f) are the 
received signals of different frequency which are 
shown in spectrum analyzer, photo (e) is the 
spectrum analyzer receives signals with the 
existence of interference signals in the environment. 
When the plasma antenna is not be excited, the 
plasma antenna has no propagation ability of the RF 
signals, as (c) of Fig.12 indicates , the signals 
received by mental antenna are the noise signals of 
environment, While the plasma antenna is ignited, 
the mental antenna received the signal 
simultaneously as (d) Fig  12 shows. 

  The propagation signal is produced by Agilent 
signal source, and amplitude of it is set in 10dBm, 

when driven power is changed, the length of the 
plasma antenna and density of the plasma antenna 
will be changed accordingly, so the radiation 
efficiency of the plasma antenna is changed 
simultaneously as (f) of Fig.12 shows, different 
positions of signal in the spectrum analyzer screen 
denote the different frequency of signal. From the 
results of experiments, we can see that the plasma 
antenna nearly has the same capability of 
propagation different frequency signals. With the 
jamming signals of different frequency existing, the 
working frequency of plasma can be reconfigured to 
the frequency band where the interference signals 
are absence through some controlling strategies. 
3 Reconfigurable Characteristic of 

Plasma Antenna Array  
As known that reconfigurable characteristics of 

the mental antenna can be realized through the 
metallic antenna array, many mental antenna units 
are arranged in certain method thus form the 
antenna array called the phased array antenna. The 
phase array antenna has strong reconfigurable 
ability, but it need to be designed and controlled 
precisely and properly. There many forms of 
antenna array e.g., the line arrays, plane arrays, and 
circle arrays, etc. 
      In the paper we investigate the monopole plasma 
antenna circle arrays, each of the monopole plasma 
antenna are located in same distance around the 
circle, if parameters of one plasma element of the 
plasma array are changed, the parameters of the 
plasma antenna array may be changed apparently, 
thus the reconfigurable characteristics of the plasma 
antenna array can be realized through changing 
physical states of one or more plasma elements of 
the antenna array. In the paper we adopt the 
commercial software CST Microwave Studio to 
simulate electromagnetic field behavior of the 
plasma antenna array. 

3.1 Four-element plasma antenna array 
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Fig.13. Four-element plasma antenna array   

 

Fig.14. Radiation pattern of four-element plasma 
antenna array 

The plasma antenna has many unique 
characteristics; the radiation pattern of it can be 
reconfigured in 360  degrees of the azimuth angle, as 
the plasma antenna can be ignited very quickly, so 
the radiation pattern of the plasma antenna can be 
reconfigured with very high speed. In the four-
element plasma array shown as Fig.13, the 
simulations are made under assumptions below: 
    (1) The frequency of plasma elements are both set 
at1GHz  and the collision frequency of them are at 
150MHz. 
     (2)The plasma frequency of element in azimuth 
angle 0Φ =   is 6GHz , and plasma frequencies of 
other three antenna elements are not changed. 
(3)The frequency of elements in azimuth 

angle 0Φ =  , 180Φ =   are 6GHz , and plasma 
frequency of other two plasma elements are not 
changed.  

The radiation patterns of the plasma array 
under these assumptions are shown as Fig.14, it can 
be found that with changing of the plasma frequency 
in certain angles, the radiation pattern will be 
strengthened in the certain direction thus the plasma 
array can be reconfigured through the method. 

3.2 Six-element plasma antenna array 

      

 Fig.15. Six-element plasma antenna array   

In the reconfigurable characteristic analysis of 
the six-element plasma antenna array shown as 
Fig.15, the simulation assumptions are as follows: 

  (1)The frequency of the elements of plasma 
array is 1GHz . 

  (2)The frequency of the plasma element 
azimuth angle 0Φ =   is 3GHz , and frequency of 
other five elements in the array is 1GHz . 

  (3)The frequency of the plasma element 
azimuth angle 0Φ =   is 6GHz , and frequency of 
other five elements is1GHz . 

 
 Fig.16.Radiation pattern of six-element plasma 
antenna array   

From the simulation results we can find that the 
six-element plasma antenna is nearly an Omni-
directional antenna as shown in Fig.16, with 
increasing of the frequency in azimuth angle 0Φ =  , 
the radiation pattern is strengthened apparently in 
this direction, and the radiation pattern is also 
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changed obviously, so we can adopt the method of 
controlling frequency of the plasma to change 
radiation properties of plasma array.  

As shown in the (a),(b) of Fig.17, the multi-
wave in radiation pattern also can be achieved 
through methods mentioned above. 

 

                (a) 

 

                   (b) 

  Fig.17. Multi-beam in radiation pattern of six-
element plasma antenna array   

3.3 Eight-element plasma antenna array 

 

  Fig.18.Radiation pattern eight-element plasma 
antenna array   

 

Fig.19.Radiation pattern of eight-element plasma 
antenna array   

        The eight-element plasma array is shown as 
Fig.18, simulation methods are the same as the one 
of four-element and six-element plasma array. From 
the Fig.19, we can find that the scanning ability of 
plasma antenna array in far-field can be realized 
through changing plasma frequency, as the plasma 
array has many elements, so there will be more 
choices of the angle in the radiation pattern. 
Elements of the plasma antenna array is increased to 
eight, the radiation ability of plasma antenna array 
also will be stronger than four-element and six-
element plasma antenna array, the gain of plasma 
antenna will be also improved obviously. The eight-
element radiation pattern also has more angle 
choices than the four-element and six-element 
plasma antenna array. It can form the multiple 
beams in the radiation pattern as Fig.20 shows. 
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                (a) 

 

                                (b) 

Fig.20.Multi-beam in radiation pattern of eight-
element plasma antenna array   

The research and analysis of the monopole 
plasma antenna demonstrate that changing of 
parameters of plasma antenna can lead to changing 
of radiation pattern and gain of it. The gain of 
plasma antenna array in certain directions can be 
promoted by changing the related physical 
parameters of plasma; the radiation pattern of 
plasma antenna array also can scan at very high 
speed and functions of multi-beam antenna also can 
be performed by the plasma antenna array. So the 
plasma antenna array has broad applications in the 
communication e.g., radar and aeronautic field etc, 
and more reconfigurable investigation should also 
be carried out in the future research. 
4 Conclusion 

The reconfigurable characteristic of the 
monopole plasma antenna and its array are analyzed 
through the experiments and the simulations. The 
reconfigurable results of the working frequency and 
the radiation pattern of the monopole plasma 
antenna are obtained, the reconfigurable 
characteristic of the four-element, six-element and 
eight-element of the plasma antenna array are 
analyzed. The experiments and research results of 
the paper are useful to the further application of 
plasma antenna and its array. 
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