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Abstract 

This paper is aimed at the investigation of reconfigurable plasma antenna parameters. Single plasma antenna is 

designed and its antenna parameters are studied. The single plasma antenna can be transformed into array of small 

antenna elements, which are called an array plasma antenna. Both type of antenna are excited on single end by surface 

wave. Antenna parameters such as radiation pattern, AGP, directivity etcof the single and array plasma antennas are 

studied with the help of High Frequency Structure Simulator (HFSS) Ansoft 0.7 version. Situation results are compared 

with the experimentally obtained results. This study reveals that the array plasma antenna is more directive than single 

plasma antenna.   

 

I. INTRODUCTION 

In recent past, a number of spin-off plasma based electronic devices such as plasma-mirror, plasma phase 

shifters, plasma switches, plasma photonic crystals, plasma window, plasma waveguides, plasma antenna etc. 

However the concept of these devices was proposed long back in seventies [1,2], which is now well-accepted 

by both the scientist and engineering communities. Among many of plasma devices, plasma antenna 

technology has inspired a great interest due to its potential advantages over conventional antennas and 

provides basic information to develop new electronic devices [3-5].In last few years, It has been demonstrated 

that plasma antenna can be efficient and generate low noise so as to be  useful for narrow band high frequency 

and very high frequency communication [6,7]. Therefore it can provide an integral and most important part in 

both communication and plasma stealth technology. Due to great applications, number of remarkable findings 

have been patented and several industries and organizations have expressed their interest in the plasma 

antenna technology to their product and service such as Hakleka, Plasma antenna Ltd, Markland Technology, 

CEA technology Moterola etc. Apart from laboratory plasmas, antenna properties of other plasma have also 

been studied such as those present in the earth’s ionosphere. With growing importance and applications of 

plasma antenna, theoretical and experimental studies have carried out in the last few decades [8]. 

Most of studies ware focused on experiments on single plasma antenna to find out physical properties and 

antenna noise source due to plasma noise however simulation of single plasma antenna with the help of 

numerical and computational codes has been performed [9]. To enhance the application of plasma antenna, 

different configuration of glass tubes or discharge tube have been constructed and studied as plasma reflectors 

and plasma window [10]. Recently it is found that plasma structure can be transformed into different 

geometries [11, 12]. Experimental attempts have been made to demonstrate that the different plasma 

structures can be used in wireless communication [13]. 

This study devotes our attention on simulation of radiation pattern of reconfigurable plasma antenna and 

results are matched with experiments. The paper is composed as, section II gives design of single plasma 

antenna, section III deals with simulation of single plasma antenna, section IV provides design of array 

plasma antenna, section VI presents the simulation results of array plasma antenna, section VI gives the 

comparison between single and array plasma antenna and at the end section VII is the conclusions of the 

study. 

 

II. DESIGN OF SINGLE PLASMA ANTENNA 

A design of experimental set-up of  plasma antenna is shown in Fig.1. In this et-up, a 30 cm long glass tube 

with diameter of 3 cm is evacuated by a combined system of rotary and diffusion pumps. The system is than 

filled with argon gas to various working pressure. A capacitive coupler with width of 35 mm is mounted 2 
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mm above the ground plate with diameter of 120 mm and thickness of 20 mm at one end of the glass tube. 

The initial breakdown takes place inside the tube in the gap between coupler and ground plate by a CW RF 

generator operated at a frequency of 5 MHz and power of up to 100 watts. The gap can be varied from 1 mm 

to 5 mm.  Hence A 30 cm long plasma column can be formed in the glass tube. it may be quite interesting to 

study discharge mechanism for the formation of 30 cm long plasma column while rf power is fed at one end 

of the glass tube. The initial breakdown takes place in the discharge tube close to the gap in the field 

applicator. The gap is varied from 0.5 mm to 5 mm and the required power for initial breakdown varies from 

10 watts to 20 watts. The potential difference between both should be more than 300 volts. Due to the field 

gradients within the gap region in field applicator, electrons are driven along the tube axis by the ponder-

motive force. The length of plasma column varies from 5 cm to 30 cm when input power increases from 5 

watts to 36 watts, with all other operating parameters being constant. In such measurements, typical plasma 

electron density and temperature are 5x10
10

cm
-3

 and 2.5eV respectively. Axial plasma density profile indicate 

negative density gradient (  dn(z)/ dz< 0 ) of plasma, which is also an intrinsic feature ofthe discharges 

sustained with surface waves in a travelling mode. In addition radial density profile indicates that plasma 

density is maximum at the center of the plasma column while it falls with the radial distance from the center 

towards the inner surface of the glass tube. Radiation from plasma antenna can be calculated with the help of 

axial and radial plasma density distribution [3]. 

 

Fig.1 Design of plasma antenna 

 The system dimension is much less than the wavelength (R << λ , L << λ) where R is the diameter of 3 cm 

and L is the length of plasma antenna of 30 cm. the length of plasma column can be controlled by input power 

and working pressure.  

 

III. SIMULATION OF SINGLE PLASMA ANTENNA 

The field or power patterns of an antenna are important parameters to estimate the directivity and half power 

beam width (HPBW) of the antenna. The software is used for simulation is HFSS (High Frequency Structure 

Simulator),is a commercial finite element method solver for electromagnetic structures from Ansys. It is one 

of several commercial tools used for antenna design, and the design of complex RF electronic circuit elements 

including filters, transmission lines, and packaging. HFSS is used to study the radiation pattern of plasma 

antenna. With the help of 3D modular a geometrical model of object is designed as described in the previous 

section and shown in Fig.2 and 3.The conductivity and dielectric constant of the plasma are calculated and 

assigned as the material properties. Although there is no method for directly measuring the conductivity, it can 

https://en.wikipedia.org/wiki/Ansys
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be calculated using other parameters. Plasma is a conducting medium and its electric conductivity can be 

calculated by the formula given below. 

𝜎 =
𝑒2𝑛𝑒𝜗𝑚

𝑚(𝜔2 + 𝜗𝑚
2 )

 

Calculated by 𝑛𝑒  (plasma density ~ 10
16 

m
-3

 ), 𝜔(wave frequency ~30x10
6
 Hz) and 𝜗𝑚  (collision frequency 

~4x10
8
 Hz). The value of 𝑛𝑒 , 𝜔 and 𝜗𝑚  given in the brackets were measured in experiment at a working 

pressure of 0.05 mbar.It may be quite interesting to formulate the electric conductivity with the antenna length 

to generalize the antenna properties. Hence, an attempt is made to write an equation of electric conductivity 

with antenna length using the values from the above outlined calculations and given by𝜎 =  22.5 —  (0.75)ℎ. 

The equation𝜀𝑝 = 1 −
𝜔𝑝𝑒

2

𝜔(𝜔−𝑖𝜗𝑚 )
 is used to calculate the dielectric constant of the plasma. After assigning the 

material properties 3-D boundary and ports are designed as shown in Fig.2 and Fig.3.Solution is obtained for 

the operating frequency 5 MHz. 

 

 
Fig.2 Simulation conditions of plasma antenna            Fig.3 Picture of the real simulation 

Simulation results are obtained for elevation and azimuthal power pattern which are shown in Fig. 4 and Fig.5 

respectively. The intensity of power can be determined by the color code.  

 

          Fig.4 Elevation power pattern   Fig.5 Azimuthal power pattern 
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For better understanding of plasma antenna parameters, experiments are also conducted. Hence, a set of 

experiments are carried out to measure the power patterns of a fundamental frequency of 5 MHz, and then 

with the help of measurements, directivity and HPBW are also estimated. In the contrary to conventional 

methods for studying radiation power patterns of the plasma antenna, an isotropic receiving antenna (radiation 

level meter) is moved at different angles of elevation and azimuthal plane in the far field region and power 

density is measured. Spherical geometry (r, θ, φ) is used to define the elevation and azimuthal plane. In the 

sequence of experiments, firstly, the elevation power pattern is measured in the elevation plane (y-z plane) 

where the azimuthal angle and radial distance are kept constant while the elevation angle is varied. The 

elevation power patterns of the plasma antenna are measured by moving the receiving antenna in an arc over 

the plasma antenna with a 15-degree increment in a range of 90° < θ < 270° at different vertical planes having 

a 15-degree increment in the horizontal plane. A normalized elevation power pattern is shown in Fig.4. In this 

experiment, it is assumed that the power pattern should be symmetric in the upper and lower vertical planes of 

the plasma antenna. Hence, it can be concluded that the maximum power is radiated at θ = 90° and θ = 270° or 

perpendicular to the axis of the antenna and radiated power is minimum at θ = 0° and θ = 180° or parallel to 

the axis of the antenna. Consequently, in the second experiment, the azimuthal power patterns are measured in 

the x-y plane of the plasma antenna keeping both the elevation angle and radial position of the receiving 

antenna constant. Power patterns are measured by moving the receiving antenna in the horizontal plane with 

an increment of 15 degrees of 0° < θ < 360° at different heights (5 cm, 10 cm and 15 cm) from the source end 

of the plasma antenna. The normalized power patterns are shown in Fig.5. It can be seen in the figure that the 

power patterns are symmetric around the axis of the plasma antenna. Thus, findings of this study indicate that 

this plasma antenna can be considered as a monopole antenna. Moreover, directivity is estimated with the help 

of the power patterns of the plasma antenna using the conventional method. Directivities of the plasma 

antenna is calculated in both planes (azimuthal and elevation) separately and both the values are added to get 

total directivity. It has been observed so far that the azimuthal power pattern is symmetric around the antenna 

axis, which indicates that directivity of the plasma antenna in azimuthal plane (Dθ) should be one. Directivity 

in elevation plane (Dφ) is also calculated with the help of the elevation power pattern, which has been studied 

previously as the maximum power density radiates to the perpendicular of the antenna axis (θ = 90°) and 

minimum power density radiates to the parallel of the antenna axis (θ = 0°). Apparently, a typical value of 

directivity in the elevation plane is calculated as nearly 1.75. Therefore, total directivity of the plasma antenna 

is calculated by the addition of both values of directivities (Dθ +Dφ), which is 2.75. Simulation and 

experimental results are similar which also indicate that single plasma column works as a monopole wire 

antenna. 

 

Fig.4 Measured elevation power pattern                            Fig.5 Measured azimuthal power pattern 
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IV. DESIGN OF ARRAY PLASMA ANTENNA 

Surface wave driven plasma column (single plasma antenna) is transformed into finite number of small 

cylindrical stationary striations or plasma blobs by changing the operating parameters such as working 

pressure (0.03 to 1 0 mbar), drive frequency (3 to 10 MHz), input power (40 to 60 W), radius of glass tube 

(1.5 o 2.5 cm), length of plasma column (5 to 30 cm), and background gas (argon, air, helium, and oxygen). 

Its worthwhile to mention here that certain combinations of operating parameters can transform a plasma 

column into striations. All striations are arranged in the axis of glass tube. Each cylindrical striation is a very 

short cylindrical plasma column, which is very similar to a point radiating source. Hence, each striation can 

act as an antenna, which can be called as radiating element or antenna element arranged in an array along the 

axis of the antenna (z-axis of glass tube). Therefore, entire structure can be treated as an assembly of antenna 

elements or array plasma antenna. A photo of array plasma antenna is shown in Fig. 6. In this figure, six 

antenna elements are shown in series in 30 cm long plasma column at input power of 50 W and working 

pressure of 0.03 mbar. A design for simulation of such plasma antenna is constructed as shown in Fig.7. 

 
Fig. 6 Photo of array plasma antenna                Fig. 7 Array plasma antenna for simulation 

 

V. SIMULATION RESULT OF ARRAY PLASMA ANTENNA 

Before going to simulation we design the array of plasma antenna, let us find out the conductivity, phase 

relation and mathematical understanding of array of plasma antenna. It may be quite interesting to formulate 

the electric conductivity with antenna length to generalize the antenna properties. Hence, an attempt is made 

to formulate an equation for electric conductivity with antenna length using the values from above outlined 

calculations, which is given below  

𝜎 ℎ = 22.5𝑒−0.75ℎ cos 𝑘 ℎ ℎ  

Where h is the height of plasma antenna from the bottom. So far, it has been demonstrated that current, 

potential, and conductivity profiles are quite similar and amplitudes show presence of antenna elements [13]. 

HFSS simulation is performed for the array plasma antenna (as shown in Fig7). Elevation and azimuthal 

power pattern are obtained and results are shown in Fig. 8 and Fig.9 respectively. 
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Fig.8 Elevation power pattern   Fig.9 Azimuthal power pattern 

Simulation results have to match with experimental results. For this purpose, set of experiments are conducted 

to measure the power patterns of a fundamental frequency of 5 MHz, then with the help of measurements, 

directivity are will be estimated. In this experiments, power patterns in different planes (elevation and 

azimuthal) are measured by isotropic receiving antenna, (radiation level meter) in the far field region of the 

plasma antenna. Spherical geometry (r, and φ) is use to define the elevation and azimuthal plane. 

Measurements are obtained by moving the, receiving antenna in different planes keeping fixed position of 

plasma antenna. In the sequence of experiments, first, the elevation power pattern is measured in the elevation 

plane (y-z plane), where azimuthal angle and radial distance are kept constant. The elevation power patterns 

of plasma antenna are measured by moving the receiving antenna in an arc over the plasma antenna with 15° 

increment from 90°<θ<270° at different vertical planes having 15° increment in the horizontal plane. A 

normalized elevation power pattern is shown in Fig.10. In this experiment, it is assumed that power pattern 

should be symmetric in upper and lower vertical planes of plasma antenna. Hence, it can be concluded that the 

maximum power is radiated at θ=90° and 270° or perpendicular to the axis of antenna and radiated power is 

minimum at θ =0° and 180° or parallel to axis of antenna. This result suggests that antenna elements are 

arranged in such a way so that entire structure can be treated as broadside array plasma antenna. 

Consequently, in the second experiment, the azimuthal power patterns are measured in the x-y plane of the 

plasma antenna keeping constant elevation angle and radial position of receiving antenna. Power patterns are 

measured by moving the receiving antenna in horizontal plane with an increment of 15° of 0°<θ<360° at 

different heights (5, 10, and 15 cm) from the source end of the plasma antenna. A normalized power pattern is 

shown in Fig.10. Results indicate that power patterns are symmetric around the axis of the plasma antenna. 

Moreover, directivity is estimated with the help of power patters of the plasma antenna. Generally, directivity 

of an antenna is equal to the ratio of the maximum power density to its average value over a sphere as 

observed in the field of an antenna. Directivities of plasma antenna are calculated in both planes (azimuthal 

and elevation) separately and added both the values to get total directivity. It has been investigated so far that 

azimuthal power patter is symmetric around the antenna axis which indicates that directivity of plasma 

antenna in azimuthal plane (Dθ) should be one. Directivity in elevation plane (Dφ) is also calculated with the 

help of elevation power pattern, which has been studied previously as the maximum power density radiates to 

the perpendicular of the antenna axis (0 =90°) and minimum power density radiates to the parallel of antenna 

axis (θ =0°). Apparently, a typical value of directivity in the elevation plane is calculated as nearly 3.1. 

Therefore, total directivity of plasma antenna is calculated by the addition of both values of directivities 

(Dφ+Dθ), which is 4.1. The maximum power density is measured to the perpendicular to the antenna axis 

(θ=90°) and minimum to the antenna axis (θ=0°). Moreover it is desirable to study the directivity of an array 

antenna with number of antenna elements, hence an experimental attempt is made to examine the directivity 
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of this array plasma antenna with different number of antenna elements. In this experiment, number of 

antenna elements is varied by tuning the operating parameters, as discussed above, and directivity is estimated 

with the measurements of power patterns. This study yields that directivity increases with the number of 

antenna elements. It increases from 2.9 to 4.1 while antenna elements are varied from 4 to 10 in the 30 cm 

long plasma antenna.. This study invokes an interesting application of our array plasma antenna over the 

conventional metallic array antenna that directivity can be controlled in an array plasma antenna by operating 

parameters. Outlined simulation and experimental studies on power patters and directivity reveal that the 

maximum power is radiated in the direction perpendicular to the antenna axis of our array plasma antenna.  

 

Fig. 10 Measured elevation and azimuthal power pattern of the array plasma antenna 

 

VI . COMPARESION OF MONOPOLE AND ARRAY ANTENNA 

Comparison of power patterns and directivity of monopole and array plasma antenna is carried out and 

measurements are shown in Fig.11 and Fig.12 respectively. Results suggest that array plasma antenna 

(directivity = 4.5) is more directive than the single (monopole) plasma antenna (directivity = 2.5). 

 

 
Fig.11 Comparison of power patterns             Fig.12 Comparison of directivity 
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VII. CONCLUSIONS  

A 30 cm long plasma antenna is excited at the one end by using surface wave. With the help of HFSS, 

radiation patterns of single plasma antenna are obtained and matched with the experimental results. By 

changing the operating parameters single plasma antenna are transformed into array of small radiation 

elements, is called array plasma antenna. Therefore such antenna is called reconfigurable plasma antenna as it 

can be transformed its geometry. Simulation and experimental study indicate that array plasma antenna is 

more directive than the single plasma antenna. Hence our study explores the radiation pattern of a 

reconfigurable plasma antenna. 
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