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ABSTRACT: This paper presents the design and analysis of terahertz microstrip patch antenna for the detection of 
vitamin K2 applications. The proposed antenna has been designed and fabricated using flame retardant-4 (FR-4) having 
dielectric constant (ℇr) 4.4. A flame retardant-4 (FR-4) has been used as substrate material with thickness 1.62 µm and 
the size of 30*30 µm2. The proposed terahertz antenna has been designed and simulated using CST Microwave Studio 
2016. The proposed terahertz antenna has been analyzed in terms of return loss, impedance bandwidth, gain, 
directivity, Half Power Beamwidth (HPBW) and Voltage Standing Wave Ratio (VSWR). It has been observed that the 
proposed antenna has a gain of 5.649 dB, directivity of 5.476 dBi with return loss -41.53 dB at 3.87 THz resonant 
frequency with minimal losses. The antenna radiates with resonant frequency of 3.87 THz having impedance 
bandwidth of 99.8 GHz. The antenna has VSWR equal to 1.01. The proposed antenna design has HPBW of 87.6 
degree. The microstrip feed line technique has been used for proper impedance matching (50 Ohm) with SMA 
connector. 
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I.INTRODUCTION 
 

The antennas are the backbone for wireless infrastructure which was first demonstrated in 1901 by Marconi [1][2][3]. 
Antennas following this trend, have to be compact and must be incorporated with host object with desired impedance 
behavior and radiation characteristics [4]. The microstrip patch antennas have been widely used in high performance 
satellite and wireless communication devices because of their low cost, low profile, light weight, ease of fabrication 
and compatibility of integration with circuit technology [5]. Microstrip antenna, also known as patch antenna or printed 
circuit antenna. Themicrostrip patch antenna is usually fabricated on a FR4 substrate sandwiched between a conducting 
patch and a conducting ground. The patch can be designed in many shapes like rectangular,circular, triangular, 
elliptical, square, ring and many more but the rectangular shape is widely used [6] because of its simplicity associated 
with the design. MPA have successfully covered a diverse range of applications like IMT,Bluetooth,WiMAX, 
WLAN[7][8], satellite communication [9],security and biomedical purposes [10].The THz region is the frequency 
spectrum between 0.1 THz and 10THz terahertz waves lying between microwaves and infrared radiation. The 
wavelength range of terahertz frequencies is from 30µm to 3mm. 
There are various factors contributing to the increasing interest in terahertz frequencies as mentioned below: [11][12] 

(a) The terahertz radiation can go through opaque barrier such as packaging, corrugated cardboard, shoes, book bags, 
clothes etc. in order to explore dangerous material contained within. 

(b) Many materials for security applications and including explosives and chemical biological agent have 
characteristics THz spectra that can be used to fingerprint and identify these hidden materials. 

(c) The terahertz system doesn’t harm to suspect being scanned under terahertz radiation. 
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Section II (Antenna Geometry) describes the geometry of the proposed antenna including side view, top view and 
bottom view of antenna illustrating the dimensions of patch, substrate and ground plane.  
Section III (Simulated Results) describes the competency of designed antenna in terms of return loss (S11), bandwidth, 
gain, directivity, VSWR, HPBW and impedance.  
Section IV (conclusion) proposes the suitability of designed antenna for various applications. 
 

II.ANTENNA GEOMETRY 
 

The proposed terahertz microstrip patch antenna has been designed and simulated using CST Microwave Studio 2014. 
The foremost layer of the proposed antenna is the radiating patch made up of copper as shown in fig.1. The fig.1 
presents the top view of the proposed antenna.  

Figure 2 represents the bottom view of the proposed antenna. In the proposed antenna design, the substrate of thickness 
1.62µm has been employed. The rectangular substrate is of Flame Retardant-4 (FR-4) material having dielectric 
constant of 4.4 has been employed. The arrangement of substrate, patch, ground and feedline is as shown in fig. 3. 
Figure 3 shows the side view of the proposed antenna.  

 The power to the proposed antenna is fed by co-axial SMA connector via feedline. The SMA connector used to feed 
power has impedance of 50Ω, thus the Impedance of the illustrated antenna design has been matched to 50Ω so as to 
minimize the back reflection of the power fed through the SMA connector. 

 

 
Fig. 1 Top view of the proposed antenna 

 

 
Fig. 2 Bottom view of the proposed antenna 
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Fig. 3 Side view of the proposed antenna 

 
III.SIMULATED RESULTS 

 
The proposed antenna has been simulated using CST Microwave Studio 2014.The analysis of proposed antenna design 
has been done in terms of resonating frequency(GHz), return loss(dB), impedance(Ω), VSWR,gain(dB), 
directivity(dBi) and HPBW as shown in Fig.4, Fig.5, Fig.6, Fig.7, Fig.8 and Fig.9 respectively. It has been observed 
that the return loss is -41.53 dB at the resonating frequency of 3.87 THz. The simulated bandwidth of proposed antenna 
is 99.8 GHz. The Smith Chart plot indicates the variation of impedance of the antenna with frequency. The value of 
impedance should lie near 50 ohms in order to perfectly match the port impedance with the antenna impedance for 
maximum transfer of power to antenna. The antenna impedance for the proposed antenna is 50.6Ω. The proposed 
antenna has gain of 5.649 dB and directivity of 5.476 dBi.It has been observed that the VSWR value of the proposed 
antennas lies below the maximum acceptable value of 2. The value of HPBW is 87.6 degree. 

 
Fig. 4 Return loss plot of the proposed antenna 

 
Fig. 5 Smith chart plot of the proposed antenna 
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Fig. 6 Voltage Standing Wave Ratio plot of the proposed antenna 

 

 
Fig. 7 3-D gain plot of the proposed antenna 

 

 
Fig. 8 Directivity plot of the proposed antenna 
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Fig. 9 Half Power Beamwidth plot of the proposed antenna 

 

 

S.no. Parameter Value 

01. Return loss -41.53 dB 

02. Impedance 50.6Ω 

03. Gain 5.649 dB 

04. Directivity 5.476 dBi 

05. Bandwidth 99.8 GHz 

06. VSWR 1.01 

07. Half Power Beamwidth 87.6 deg 
 

IV.CONCLUSION 
 

The proposed terahertz antenna has been designed and simulated using Computer Simulation Technology Microwave 
Studio 2016. It has been observed that the designed antenna is resonant at 3.87 THz which matches exactly with the 
peak absorption frequency value of Vitamin K2. Therefore, the proposed antenna can be used for the detection of 
Vitamin K2 applications. 
 
 
 
 

Table 2.SIMULATED RESULTS OF THE ANTENNA 
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