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Abstract— This paper is intended to the study of antenna parameters of plasma antennas to help the optimization of plasma 

antenna dimensions (radius and length). To accomplish this, three configurations of plasma antenna are simulated. The 

observations are taken on variations in the antenna parameters with the different radius and length of the plasma column. 

Additionally, to acquire similarity with metallic antenna, three models of metallic (copper) antenna are also be simulated with 

same configurations as plasma antennas. It is a comprehensive study of antenna parameters of the different configurations of 

plasma antennas and comparative study between the metallic and plasma antennas. Results suggest, the plasma antenna and 

metallic antenna are showing similar radiation patterns for each types of modals and at all the resonance frequencies, however 

the resonance frequencies and gain are different for different configurations of plasma antennas. The plasma antenna has 

become very useful applications in the field of communication and this paper provide important information about the antenna 

parameters of plasma antenna, along with the comparative study of antenna parameters with the metallic antenna. The paper 

deals with the different resonance frequencies of plasma antenna and hence reports about the re-tunability of plasma antenna as 

well. 
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I.  INTRODUCTION  

The plasma based technologies are in the age of evolution, 

researchers are continuously working on the plasma based 

industrial applications. Among the various applications of 

plasma based technology the most interesting one is the 

plasma antenna. Actually plasma antenna is an antenna in 

which metallic counterpart of an antenna is replaced by the 

plasma, in order to achieve many attractive characteristics 

that makes plasma antenna more advantageous than 

conventional metallic antenna [1]. The conventional antennas 

are made up of metal and metals are solid in nature and 

hence they have a particular shape and size. To change the 

configuration of a metallic antenna, we need to change the 

whole antenna mechanically. But in the recent time these 

limitations make metallic antenna uncomfortable in many 

fields where space and time is limited. As well as nowadays 

people needed multipurpose device to reduce the need of 

several devices. Based on the above discussed difficulties the 

plasma antenna may be a suitable option for the metallic 

antenna because it has following characteristics. The plasma 

antenna is constructed by a dielectric tube, which is filled 

with a noble gas. The gas is ionized to convert into the 

plasma and then this column of plasma is used as an antenna 

[2]. Since plasma antenna is made up of gas and dielectric 

tube hence it is light weighted than the metallic antenna of 

same configuration. The existence of plasma inside the 

dielectric column is depends on the ionizing potential, so it is 

possible to control appearance of plasma antenna by the 

electric switches [3]. The length of plasma column is directly 

proportional to the applied potential and hence length of 

plasma antenna can be controlled by the amount applied 

potential [4].  A monopole plasma antenna can work similar 

as a metallic antenna of copper [5]. The striations formed in a 

plasma column by changing some operating parameters, can 

be transformed a plasma antenna into a re-configured plasma 

antenna or in an array antenna [6]. A smart plasma antenna 

can steer the radiation pattern in different directions 

electronically [7]. On the basis of above advantages plasma 

antenna now it is becomes an intrusting topic for research.  

Most of the earlier works on plasma antenna are deals with 

experimental approach and short discussion about the theory 

of plasma antenna. This paper is discuses basic theory about 

plasma antenna, plasma parameters (i.e. plasma frequency, 

plasma conductivity, plasma density) with simulating the 

plasma antenna on HFSS software and find antenna 

parameters of it, to understand performance of plasma 

antenna in comparison with the metallic antenna.  

http://www.isroset.org/
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In this paper, we will present the principal theory on plasma 

with the corresponding equations in section II. Then the 

design of plasma antenna will be introduced in section III. 

Section IV will presents result of different plasma antennas. 

In section V we will discuss about the result. At the last, 

summary of the paper will present in section VI. 

 

II. THEORY AND PLASMA PARAMETERS  

As plasma is conglomeration of charged and neutral 

particles, it has conductivity. This conductivity is small 

compared to the metallic conductivity but sufficient to use 

plasma for the purpose of antenna. In plasma the ions are 

much heavier than the electrons so they only provide a 

positive background and not much contributed for the 

conductivity for that reason the conductivity of plasma is 

mainly depends on the number of electrons. The conductivity 

of the weakly ionized plasma can be calculated by the 

following formula [8]. 

          ⁄  

Here e is the electronic charge, Ne is the electron density, me 

is the mass of electron and vm is the collision frequency. 

Plasma in terms of electromagnetic properties is a non-

homogeneous, non-linear and dispersive environment. 

Permeability (μ), conductivity (σ) and permittivity (ε) in 

plasma can be varied in terms of plasma frequency and other 

parameter along with makes plasma is a special environment. 

As a result, for any frequency of the incident wave and in 

any density of ionization, one particular response occurs. 

Radiated electromagnetic waves on plasma will absorb, 

scatter or pass through. We can choose to absorb, scatter or 

pass through with changing the basic parameters like electron 

density and collision frequency. The relative permittivity of 

plasma is defined by [8]. 

     
     

  

     {  
         ⁄ }

where ωp is plasma frequency and  ω  is operating frequency. 

One must distinguish the difference between the plasma 

frequency and the operating frequency of the plasma 

antenna. The plasma frequency is a measure of the amount of 

ionization in the plasma and the operating frequency of the 

plasma antenna is the same as the operating frequency of a 

metal antenna. Plasma frequency is equal to [7]:  

   √   
     ⁄  

Assuming a time harmonic wave with an      time 

dependence is propagating in the +z direction has the form 

         
      

 

For the special case of negligible collisions,     , the 

corresponding propagation constant is  

     √  
   ⁄    

The behavior of wave into plasma depends on propagation 

constant which is different in three cases. When       the 

  is imaginary and wave will propagate wave, for       

then   is real and wave is an evanescent wave and for 

      then      and this value of   is called the critical 

frequency   , which defines the boundary between 

propagation and attenuation of the EM wave. Plasma 

behaves as a dielectric medium with negative dielectric 

constant for frequencies above the plasma frequency. In the 

case, plasma transmits electromagnetic waves with the 

dispersion relation 

      
         

Where   is the velocity of light. For frequencies below the 

plasma frequency, plasma cannot transmit EM waves. At 

plasma-dielectric interface, surface wave propagates along 

the interface.  

III. SIMULATIONS 

To design a plasma antenna on High Frequency Structure 

Simulator (HFSS) software, it requires some plasma 

parameters like plasma conductivity, plasma density, and 

plasma permittivity. These parameters of plasma are 

calculated theoretically by the formulas given in section 2. 

These parameters are as follows, plasma electron density is 

chosen to be   ~ 10
16

 m
-3

 and the collision frequency   ~ 

4×10
8
 Hz both are calculated in [5]. Hence from (1) the 

plasma conductivity is   = 22.5 simens/m
3
 and from (4) the 

plasma frequency is   = 30×10
6
 Hz. 

A. Design of Antennas 

Based on HFSS, Model of plasma antenna can be designed 

with assign values. In this paper we simulate three different 

configuration of plasma antenna without changing any 

plasma parameter. The two among them are same in length 

120 cm but different in radius i.e. 1.8 cm and 0.8 cm, while 

two among them are same in radius 1.8 cm but different in 

length i.e. 120 cm and 60 cm. In each configuration, a glass 

tube is designed of required length and radius and tube filled 

with the plasma medium of parameters are mentioned above. 

In the whole tube plasma density is taken uniformed. A port 

as a source is assigned at the center of the glass tube. An air 

volume object is designed as a radiation boundary infinitely 

far from the antenna.   
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To compare the plasma antenna parameters we also designed 

three metallic (Copper) antenna of same configuration as 

plasma antennas. The simulated models for plasma antenna 

and metallic antenna are shown in the Figure 1 and Figure 2, 

respectively. 

 
Figure 1. Model of plasma antenna with radiation boundary 

 

 
Figure 2. Model of metallic antenna with radiation boundary 

IV. RESULTS 

A. S-parameter 

The return loss of an antenna is measure of how much power 

is reflected by the antenna towards the source when its works 

like a transmitter and towards atmosphere when it is a 

receiver. It is due to impedance mismatch between antenna 

and transmission line. The higher values of return loss are 

needed to be a good antenna because higher the return loss 

represents lower the mismatch. S-parameters describe the 

input-output relationship between ports (or terminals) in an 

electrical system. The s11 parameter represents how much 

power is reflected from antenna in certain frequency. Any 

frequency at which s11 has minimum value is called 

resonance frequency of the antenna and at that frequency 

antenna will transmit maximum power. In this paper, we find 

S-parameter for all the configuration of plasma antennas over 

the frequency range from 1 MHz to 1 GHz.  

Figure 3 and Figure 4 show the S-parameter for plasma 

antenna and metallic antenna of 1.8 cm in radius and 120 cm 

in length, respectively. The resonance frequencies for 

metallic antenna of this configuration of the antenna are 131 

MHz, 363 MHz, 590 MHz and 840 MHz and the return 

losses corresponding to these resonance frequencies are -10.0 

dB, -9.4 dB, -8.4 dB and -8.0 dB, respectively. The 

resonance frequencies for plasma antenna of this 

configuration of the antenna are 171 MHz, 348 MHz, 595 

MHz and 840 MHz and the return losses corresponding to 

these resonance frequencies are -8.0 dB, -9.3 dB, -8.4 dB and 

-7.7 dB, respectively. 

 
Figure 3. S-Parameter plasma antennas of diameter of 1.8 cm and length 120 

cm 

 
Figure 4. S-Parameter metallic antennas of diameter of 1.8 cm and length 

120 cm 
Figure 5 and Figure 6 show the S-parameter for plasma 

antenna and metallic antenna of 0.8 cm in radius and 120 cm 

in length, respectively. The resonance frequencies for 

metallic antenna of this configuration of the antenna are 115 

MHz, 380 MHz, 630 MHz and 884 MHz and the return 

losses corresponding to these resonance frequencies are -8.4 

dB, -10.4 dB, -8.4 dB and -7.8 dB, respectively. The 

resonance frequencies for plasma antenna of this 

configuration of the antenna are 112 MHz, 360 MHz, 630 

MHz and 880 MHz and the return losses corresponding to 

these resonance frequencies are -11.2 dB, -9.6 dB, -8.4 dB 

and -8.6 dB, respectively. 

 
Figure 5. S-Parameter plasma antennas of diameter of 0.8 cm and length 120 

cm 
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Figure 6. S-Parameter metallic antennas of diameter of 0.8 cm and length 

120 cm 
Figure 7 and Figure 8 show the S-parameter for plasma 

antenna and metallic antenna of 1.8 cm in radius and 60 cm 

in length, respectively. The resonance frequencies for 

metallic antenna of this configuration of the antenna are 220 

MHz and 700 MHz and the return losses corresponding to 

these resonance frequencies are -17.2 dB and -9.0 dB, 

respectively. The resonance frequencies for plasma antenna 

of this configuration of the antenna are 220 MHz and 700 

MHz and the return losses corresponding to these resonance 

frequencies are -17.2 dB and -9.0 dB, respectively. 

 
Figure 7. S-Parameter plasma antennas of diameter of 1.8 cm and length 60 

cm 

 
Figure 8. S-Parameter metallic antennas of diameter of 1.8 cm and length 60 

cm 

B. Radiation Patterns 

The radiation pattern is an important property of the antenna. 

The power received at a point by a receiving antenna is a 

function of the position of the receiving antenna with respect 

to the transmitting antenna. At a constant radius from 

transmitting antenna graph of the received power is called 

the power pattern which is a spatial pattern. The special 

pattern of the electro-magnetic field is called field pattern. A 

cross section of this field pattern in any particular plane is 

called ―radiation pattern‖ in that plane. In this paper radiation 

pattern for gain of antenna is observed. Gain is an impotent 

parameter for antenna which is useful measure describing the 

performance of an antenna although the gain of the antenna 

is closely related to directivity. The only difference between 

gain and directivity is that directivity is based entirely on the 

shape of the radiated power pattern but gain taken into 

account antenna efficiency as well as its directional 

capabilities. Higher gain in one direction means lower gain in 

other directions. High gain antennas allow longer range in 

one direction, but need to be pointed accurately. Low gain 

antennas have lower range, but can receive signals from 

wider span of directions [9]. 

 

Radiation patterns are obtained for all configurations of 

plasma antennas and metallic antennas at all the observed 

resonance frequencies. The radiation patterns are found in 

both plane the azimuthal and elevation. It has been observed 

that radiation pattern in azimuthal plane for all the 

configurations are symmetric around the axis but elevation 

pattern are different. Therefore only elevation patterns are 

shown in results. 

 

Radiation patterns for plasma antenna and metallic antenna 

of length 120 cm and radius 1.8 cm are shown in the Figure 9 

and Figure 10, respectively. Figure 9(a), Figure 9(b), Figure 

9(c) and Figure 9(d) are radiation patterns for plasma antenna 

of radius 1.8 cm and length 120 cm at the resonance 

frequency171 MHz, 348 MHz, 595 MHz and 840 MHz, 

respectively. Figure 10(a), Figure 10(b), Figure 10(c) and 

Figure 10(d) are radiation patterns for metallic antenna of 

radius 1.8 cm and length 120 cm at the resonance 131 MHz, 

363 MHz, 590 MHz and 840 MHz, respectively. 

 

 
Figure 9. Radiation patterns for plasma antennas of diameter of 1.8 cm and 

length 120 cm 
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Figure 10. Radiation patterns for metallic antennas of diameter of 1.8 cm 

and length 120 cm 

 

Radiation patterns for plasma antenna and metallic antenna 

of length 120 cm and radius 0.8 cm are shown in the Figure 

11 and Figure 12, respectively. Figure 11(a), Figure 11(b), 

Figure 11(c) and Figure 11(d) are radiation patterns for 

plasma antenna of radius 0.8 cm and length 120 cm at the 

resonance frequency 112 MHz, 360 MHz, 630 MHz and 880 

MHz, respectively. Figure 12(a), Figure 12(b), Figure 12(c) 

and Figure 12(d) are radiation patterns for metallic antenna 

of radius 0.8 cm and length 120 cm at the resonance 115 

MHz, 380 MHz, 630 MHz and 884 MHz, respectively. 

 
Figure 11. Radiation patterns for plasma antennas of diameter of 0.8 cm and 

length 120 cm 

 
Figure 12. Radiation patterns for metallic antennas of diameter of 0.8 cm 

and length 120 cm 

Radiation patterns for plasma antenna and metallic antenna 

of length 60 cm and radius 1.8 cm are shown in the Figure 13 

and Figure 14, respectively. Figure 13(a) and Figure 13(b) 

are radiation patterns for plasma antenna of radius 1.8 cm 

and length 60 cm at the resonance frequency 220 MHz and 

700 MHz, respectively. Figure 14(a) and Figure 14(b) are 

radiation patterns for metallic antenna of radius 1.8 cm and 

length 60 cm at the resonance 220 MHz and 700 MHz, 

respectively. 

. 
Figure 13. Radiation patterns for plasma antennas of diameter of 1.8 cm and 

length 60 cm 

 
Figure 14. Radiation patterns for metallic antennas of diameter of 1.8 cm 

and length 60 cm 
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V. DISCUSSION 

For the plasma antenna and metallic antenna of radius 1.8 cm 

and length 120 cm, gains corresponding to the resonance 

frequencies are shown in the Table 1. From the Table 1 it is 

clear that for both the antennas four resonance frequencies 

are obtained in the range of 1 MHz to 1GHz. Theses 

resonance frequencies are nearly same but the gain 

corresponding to them are different for both the antennas. 

Furthermore from radiation patterns for these antennas it is 

observed that radiation patterns are Omni-directional at the 

lower frequencies (117 MHz and 131 MHz) while both the 

antennas get directive towards the higher frequencies. 

 
Table 1. Resonance frequency and corresponding Gain for configuration 

of1.8 cm and length 120 cm  

S. No. 

Plasma antenna  Metallic antenna  

Resonance 
frequency 

(MHz) 

Gain 

(dB) 

Resonance 
frequency 

(MHz) 

Gain 

(dB) 

1 117 1.14 131 1.78 

2 348 3.88 363 4.28 

3 595 5.08 590 4.52 

4 840 7.22 840 5.79 

 

For the plasma antenna and metallic antenna of radius 0.8 cm 

and length 120 cm, gains corresponding to the resonance 

frequencies are shown in the Table 2. Similarly from the 

Table 2 it is clear that for both the antennas four resonance 

frequencies are obtained in the range of 1 MHz to 1GHz. 

Theses resonance frequencies are nearly same but the gain 

corresponding to them are different for both the antennas. 

Furthermore from radiation patterns for these antennas it is 

observed that radiation patterns are Omni-directional at the 

lower frequencies (112 MHz and 115 MHz) while both the 

antennas get directive towards the higher frequencies. 

 
Table 2. Resonance frequency and corresponding Gain for configuration of 

0.8 cm and length 120 cm  

S. No. 

Plasma antenna  Metallic antenna  

Resonance 

frequency 

(MHz) 

Gain 
(dB) 

Resonance 

frequency 

(MHz) 

Gain 
(dB) 

1 112 0.95 115 1.13 

2 360 3.80 380 4.32 

3 630 5.28 630 4.91 

4 880 7.13 884 6.03 

 

For the plasma antenna and metallic antenna of radius 1.8 cm 

and length 60 cm, gains corresponding to the resonance 

frequencies are shown in the Table 3. From the Table 3 it is 

clear that for both the antennas there are only two resonance 

frequencies are obtained in the range of 1 MHz to 1GHz. 

Theses resonance frequencies are same and the gain 

corresponding to them are also nearly same for both the 

antennas. Furthermore from radiation patterns for these 

antennas it is observed that radiation patterns are Omni-

directional at the lower frequencies while both the antennas 

get directive towards the higher frequencies. 

Table 3. Resonance frequency and corresponding Gain for configuration of 
1.8 cm and length 60 cm  

S. No. 

Plasma antenna  Metallic antenna  

Resonance 

frequency 
(MHz) 

Gain 

(dB) 

Resonance 

frequency 
(MHz) 

Gain 

(dB) 

1 220 2.43 220 2.46 

2 700 3.94 700 3.75 

 

From the above discussion it is observed, all the plasma 

antennas and metallic antennas have same antenna 

parameters. However the difference observed in the 

resonance frequencies and gain may arise due to the 

difference in the conductivity of the metal and plasma. 

Furthermore the effects on antenna parameters due to 

variation in length and radius of plasma column are also 

investigated. The results suggest that when length of plasma 

column changes from 120 cm to 60 cm the number resonance 

frequencies reduces from four to two. Now when radius of 

plasma column changes from 1.8 cm to 0.8 cm at constant 

length 120 cm, it is observed that the number resonance 

frequencies are same but gain corresponding to resonance 

frequencies are slightly different for both the antennas. 

VI. CONCLUSION  

The simulation study is conducted for different 

configurations of plasma antenna and metallic antenna. 

Antenna parameters of such plasma antennas and metallic 

antennas are investigated. Resonance frequencies and 

radiation patterns are quite similar for two plasma antennas 

of constant length (   120 cm) of different radius (  = 1.8 

cm and 0.8 cm). However the antenna parameters get 

changed when the length of plasma column (  = 120 cm and 

60 cm) changed at constant radius (  = 1.8 cm). It is quite 

interesting that gain for all configurations of plasma antennas 

varies with respect to resonance frequencies and slightly 

different from the metallic antennas of similar configuration. 

For plasma antenna of radius (  = 1.8 cm) and length (  = 

120 cm) gain increases from 1.14 dB to 7.22 dB, while for 

metallic antenna it increases from 1.78 dB to 5.79 dB. For 

plasma antenna of radius (  = 0.8 cm) and length (  = 120 

cm) gain increases from 0.95 dB to 7.13 dB while for 

metallic antenna it increases from 1.13 dB to 6.03 dB. For 

plasma antenna of radius (  = 1.8 cm) and length (  = 60 cm) 

gain increases from 2.43 dB to 3.94 dB, while for metallic 

antenna it increases from 2.46 dB to 3.75 dB. Gain and 

radiation pattern can be controlled by operating frequencies 

and length of plasma antenna. This papers shows, working of 

plasma antenna as antenna is significant and the parameters 

are also nearly same as the metallic antenna of same 

configuration. 
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