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Abstract—The 5th generation mobile communication provides 

various advance application with high quality of services. The 

research is continuing going on 5G network communications 

applications. The expectation from 5G antenna is to meet the 

higher speed, low latency and large bandwidth. This paper 

proposed design and analysis of graphene based circular 

polarized patch antenna for terahertz communication. The CST 

microwave studio software is used to antenna design and 

simulation. The resonant frequency of this antenna is 9.86 THz. 

Overall bandwidth achieved by proposed antenna is 1.3 THz. The 

large bandwidth is applicable for next generation or 5G 

communication mobile applications. 

Keywords— Microstrip, Terahertz, Antenna, CST, FR4, 

VSWR, Return loss, 5G. 

I.  INTRODUCTION  

Terahertz antenna is an indispensable part of detecting 

terahertz wave, and the performance of the terahertz antenna 

directly affects the quality of the entire detection system. 

Among the parameters of the antenna, the working bandwidth 

and gain of the antenna have big influence on the responsively 

of the terahertz detector. At present, there are still many 

shortcomings in the research of terahertz antenna. The 

terahertz antenna works in the high frequency band, the size of 

the antenna is greatly reduced compared with regular antenna 

such as microwave antenna. Most of the terahertz antennas 

have relatively high energy loss and low manufacturing 

accuracy compared with microwave antenna.  

An antenna is a variety of channels (components), 

electrically associated with the beneficiary or transmitter. 

Amid transmission, the wavering flow connected to the 

antenna by a transmitter makes a swaying electric field and 

attractive field around the antenna components. These time-

fluctuating fields emanate vitality far from the antenna into 

space as a moving transverse electromagnetic field wave. On 

the other hand, amid gathering, the wavering electric and 

attractive fields of an approaching radio wave apply constrain 

on the electrons in the antenna components, making them 

move forward and backward, making swaying flows in the 

antenna. [8] 

Antennas can be intended to transmit and get radio waves 

every even way similarly (omnidirectional antennas), or 

especially in a specific bearing (directional or high gain 

antennas). An antenna may incorporate parasitic components, 

explanatory reflectors or horns, which serve to coordinate the 

radio waves into a pillar or other wanted radiation design. [8].   

Speed-5G guarantees better speeds in many conditions 

than the 4G organize. Qualcomm displayed a recreation at 

Mobile World Congress that predicts 490 Mbit/s middle 

velocities for 3.5 GHz 5G Enormous MIMO and 1.4 Gbit/s 

middle speed for 28 GHz mmWave. 5G NR speed in sub-6 

GHz groups can be somewhat higher than the 4G with a 

comparative measure of range and antennas, however some 

3GPP 5G systems will be slower than some progressed 4G 

systems, for example, T-Mobile's LTE/LAA arrange, which 

accomplishes 500+ Mbit/s in Manhattan. [3] 

 

Figure 1: Microstraip patch antenna 

The 5G particular permits LAA  also however it has not 

yet been illustrated. Adding LAA to a current 4G 

configuration can include many megabits every second to the 

speed, however this is an expansion of 4G, not another piece 

of the 5G standard.  Low correspondence inertness Inactivity 

is the time it takes to pass a message from sender to 
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beneficiary. Low correspondence dormancy is one 

enhancement in 5G. Lower idleness could help 5G mobile 

systems empower things, for example, multiplayer mobile 

gaming, processing plant robots, self-driving autos and 

different errands requesting fast reaction.  

New use cases-Highlights of 5G arrange, including 

outrageous high transmission capacity, ultra low idleness, and 

high thickness associations, are relied upon to empower 

numerous new use cases that are difficult to be done by means 

of more established system measures.  

II. PROPOSED ANTENNA 

 

 

Figure 2: Flow Chart  

The flow chart work as following steps- 

1. First find application and define requirement. 

2. Next steps is finding out major specification of 

antenna 

a. Resonating Frequency of antenna (according 

to application define in initial step of CST). 

3. Choose a suitable substrate, it may depend upon 

various factor like availability of material, integration 

of antenna with other circuit components on board. 

Dielectric constant and height of substrate are 

important for microstrip antenna parameter 

calculation. 

4. Calculate Microstrip antenna dimension. Most of the 

time antenna used in wireless communication is not 

simple antenna, these are customized structure. 

5. Calculate antenna width and length using standard 

formula.  

6. Antenna height (Its define in substrate material 

already for microstrip antenna its usually 1.5mm-1.6 

mm). It can be selected using CST 

7. Draw antenna geometry and define materials. 

8. Define feed-point and radiation boundary 

9. Run simulation and check performance parameters 

values. 

 

Firstly, identified the advance or upcoming application like 

antenna design for 5G communication application, it is 

identified through previous papers studied. Then find the 

technical specification. Now find out the appropriate model or 

design for desired application and outcomes. The next step is 

to set the target objective of research work. At last focus on 

the various challenges which occur during research and make 

the design strategy. 

After the selection antenna band and application of design, the 

next step is to calculate the radiating patch width and length.  

 Step 1: Calculation of Width (W)  

For an efficient radiator, practical width that leads to good 

radiation efficiencies is:   

   
 

        
 

 

    
                              Where, 

   is the free permeability,    is the free space permittivity 

and    is relative permittivity. 

Step 2: Calculation of Effective Dielectric Coefficient (     ) 

the effective dielectric constant is                            
    

 
 

    

 
     

 

 
 
 

                

 

Step 3: Calculation of Effective Length (Leff)  

The effective length is                
 

         
                

 

Step 4: Calculation of Length Extension (ΔL) 

                      
   

 
      

            
 

 
       

             
 

 
     

   

 

Step 5: Calculation of actual Length of Patch (L)  

The actual length of radiating patch is obtained by    

                                             L=           

  

 



International Journal of Research and Innovation in Multidisciplinary (www.ijrim.com) 

|| ISSN- 3257-2910, Volume 3, Issue 7, July 2022 || Impact Factor: 5.23 || 

 

 

382 

 

 

Step 6: Calculation of Ground Dimensions (Lg, Wg)  

Now the use of CST microwave studio software, make the 

design using calculated dimensions. 

Figure 3, demonstrating top perspective of proposed micro 

strip patch antenna with notched, one side of a dielectric 

substrate goes about as an emanating patch and opposite side 

of substrate goes about as ground plane. Patch and ground 

plane together makes bordering fields and this field is in 

charge of making the radiation from the antenna.    

 
(a)                                            

 
(b) 

Figure 3: (a) Top view (b) Defected Ground Structure 

of proposed microstrip antenna 

 

The top and ground layer is made by graphene material and 

substrate is made by FR4 material which having 4.4 dielectric 

steady worth. 

III. SIMULATION AND RESULT 

The figure 4 is showing simulated proposed antenna in CST 

microwave studio, it is a specialized tool for the fast and 

accurate 3D EM simulation of high frequency problems along 

with a broad application range. The basic geometry is 

designed based on Cartesian coordinate system which have x, 

y, z axis. 

  

 
Figure 4: Simulation and fields of proposed antenna 

CST microwave studio used to recreate the proposed plan. 

Figure 4 is demonstrating reenacted electric and attractive 

field in round organize framework.  

Table 1: Design parameters for proposed Antenna 

Sr No. Parameter Value 

1 Lower Frequency(fL ) 8 THz   

2 Higher Frequency(fH) 12 THz   

3 Dielectric constant(ԑr)  4.4/ FR4  

4 Ground (LxW) 30 um X 20 um  

5 Ground height 0.335 nm  

6 Substrate(LxW) 30 um X 40 um  

7 Substrate Height(h) 1.57 um  

8 Line Impedance  50 Ω  

9 Tangent Loss 0.06  

10 Input watt 0.5W  

 

Case-I Antenna with finite ground 

 

Return loss 

 
Figure 5:  Return loss 
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Figure 5 presents return loss of proposed structure. It is 

obvious to see this chart, the return loss estimation of 

proposed antenna is – 14.55 dB with 9.82 THz resonant 

frequency. 

Bandwidth  

 

Figure 6: Bandwidth  

For broadband antennas, the bandwidth is communicated as a 

difference of the frequency range. The bandwidth of proposed 

antenna is 6500 GHz, (10.14 THz - 9.49THz), for optimized 

band.  

Case-II Antenna with Defected Ground structure 

 

Return loss 

 
Figure 7:  Return loss 

The figure 7 presents return loss of proposed structure. It is 

obvious to see this chart, the return loss estimation of 

proposed antenna is – 19.85 dB with 9.86 THz resonant 

frequency.  

 

 

Bandwidth  

 

Figure 8: Bandwidth  

For broadband antennas, the bandwidth is communicated as a 

difference of the frequency range. The bandwidth of proposed 

antenna is 1.33 THz or 13300 GHz, (10.66 THz - 9.33THz), 

for optimized band. 

 
Figure 9; Axial ratio vs frequency 

Figure 5.23 is showing the axial ratio vs frequency graph. 

Axial ratio is used to know about the polarization of antenna, 

if axial ratio of antenna is upto 3dB then antenna behave like 

circular polarization. In this figure the axial ratio of normal 

circular patch, circular patch with partial ground and circular 

patch with partial ground & notch is approx 3dB. Therefore 

polarization of this antenna is considered circular polarization. 

 

Table 2: Result Comparison  

Sr 

No. 
Parameter Previous work Proposed work 

1 
Return loss 

or S11 

-17.53 dB – 19.85 dB  

2 
Bandwidth 1.2 THz 1.33 THz or 

13300 GHz 
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3 
Resonant 

Frequency 

8.9 THz 9.86 THz 

4 
Directivity  5.2 dBi 5.574 dBi 

5 
Gain  

1.53 dB 2.153dB 

Table 2 is showing comparison between previous design and 

proposed design. It is clear from this table and results the 

proposed antenna design have significant good and improved 

result than previous results. 

IV. CONCLUSION 

Terahertz antenna is an indispensable part of detecting 

terahertz wave, and the performance of the terahertz antenna 

directly affects the quality of the entire detection system. The 

bandwidth is huge accomplished better than micorstrip 

antenna structure. Results show that the frequency bandwidth 

covers 8-12 THz; for finite ground structure the results are; the 

resonant frequency of this antenna is 9.82 THz, Return loss or 

S11 is –14.55 dB, Bandwidth is 6500 GHz. For the defected 

ground structure the results are; Return loss or S11 is – 19.85 

dB, Bandwidth is 1.33 THz or 13300 GHz, VSWR is 1.226, 

Resonant Frequency is 9.86 THz. 
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