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Abstract — Owing to the revolutionary development 

in the field of terahertz technology numerous 

advancement has taken place. In order to make a 

contribution to this field the proposed work focuses 

on the design and analysis of terahertz microstrip 

patch antenna that can be suitably deployed for 

determination of vitamins L-ascorbic acid and 

Thiamine hydrochloride. Flame Retardant (Fr4) 

material with thickness of 1.6 µm has been deployed 

as dielectric substrate with electrical permittivity of 

4.4. The patch and ground plane are made up of 

copper of thickness 17 microns. A rectangular slot 

has been introduced in middle of the ground plane in 

order to improve the return loss of the antenna. The 

design and simulation of proposed antenna has been 

done using Computer Simulation Technology (CST) 

Microwave Studio 2016. Analysis of the proposed 

antenna has been done on various antenna 

parameters like return loss (S11), directivity(dBi), 

gain (dB), Half Power Beamwidth (HPBW) and 

impedance. It has been observed that the designed 

antenna is resonant at 3.12 THz with an impedance 

of 50.77 Ω. The designed antenna has return loss 

(S11) of -36.40 dB at resonant frequency of 3.12 THz 

with a gain of 4.56 dB and directivity of 5.69 dBi 

which makes it suitable for detection of vitamins             

L-ascorbic acid and Thiamine hydrochloride. 
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I. INTRODUCTION 

 Over the past few years, wireless technology has 

immense widely and has faced a drastic increase in 

wireless communication due to change in the way 

today’s society creates, shares and consumes 

information [1]. In order to keep pace with an 

increasing demand in wireless technology terahertz 

band is a new solution to it. In recent years, the 

terahertz technology in the field of wireless systems 

has been found as interest to many researchers 

because of its potential applications in space 

communications, astronomy and image screening 

systems [2]. Terahertz band has a frequency range of 

0.1 THz-10 THz [3]. It serves as a key to wireless 

technology by enabling a plethora of applications [4]. 

Along with wireless technology it is also an 

emerging field in fundamental science as it provides 

numerous efficient ways for medical diagnostics and 

environmental monitoring [5]. Due to its good 

transparency of non-polar materials including 

common clothing, packaging materials [6] like 

envelopes and plastic packages, high reflection on 

metals, and very low risk for health concern, make it 

suitable for sensing and imaging applications 

including safety inspection for concealed objects, 

medical diagnosis [7] like detection of diseases or 

deficiency of any vitamin in human body and non-

destructive testing of materials [8].  

Nowadays, the new advancement in the terahertz 

technology is implementation of terahertz antennas 

that can be deployed for detection of explosives, 

drugs, medical diseases etc. The terahertz antennas 

are a kind of hybrid technology raised from wireless 

communication and fundamental sciences 

applications. As day by day the requirement of 

antennas with low transmitting power in a high 

mobility environment is increasing immensely. In 

terahertz frequency regime, the microstrip patch 

antenna is essential device because of its compact 

size [9] and can be easily deployed for detection 

purposes. A microstrip patch antenna comprises of a 

dielectric substrate sandwiched between radiating 

patch and ground plane. These are easy to fabricate, 

low in cost and are capable of being integrated on 

planar and non -planar surfaces [10]. 

Terahertz antenna detect vitamins, explosives and 

concealed materials through their spectral features 

generally named as ―fingerprints‖ in the THz regime 

[11]. The proposed narrowband terahertz microstrip 

patch antenna can be suitably deployed for detection 

of vitamins L-ascorbic acid and Thiamine 

hydrochloride. L-ascorbic acid is also known as 

ascorbic acid or vitamin C. It is one of the most 

common antioxidant found in number of fruits and 

vegetables. It plays a great role in the metabolic 

process of human bodies. It is highly 
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electrochemically active compound [12]. Its 

deficiency can cause scurvy and dandruff problems. 

Whereas Thiamine Hydrochloride is a white 

crystalline compound generally also referred as 

antiberiberi vitamin or vitamin B1. It is essential for 

the liberation of energy and transfer of pyruvic acid 

into Kerbs cycle. Its deficiency can cause beriberi 

disease [13]. 

In the proffered paper Fr4 material has been 

employed as substrate so as to design terahertz 

microstrip patch antenna for determination of 

vitamins L-ascorbic acid and Thiamine 

hydrochloride. These vitamins are determined 

through their peak absorption frequency which act as 

their fingerprints. The paper comprises of four 

sections and they are as follows: 

Section II relates with the geometry of the proposed 

antenna and provides an illustration of dimensions of 

patch, substrate and ground plane. Further section III 

relates with the various antenna parameters on the 

basis of which proposed antenna has been observed 

and section IV provides a conclusion of the proposed 

technique for the determination of vitamins L-

ascorbic acid and Thiamine hydrochloride. 

 

II. ANTENNA CONFIGURATION AND 

DESIGN 

The proposed Terahertz microstrip patch antenna has 

been designed and simulated using CST Microwave 

Studio 2016. In the proffered antenna design Flame 

Retardant (Fr4) has been used as substrate with 

electrical permittivity of 4.4 and thickness 1.6 µm. It 

has good strength and flexibility. The substrate has 

been sandwiched between radiating patch and 

ground plane made up of copper of thickness 17 

microns. Copper has been used because of low 

resistivity and high bounding ability with epoxy 

materials like Fr4.  

A small rectangular slot has been introduced at 

the centre of the ground plane in order to improve 

the return loss of the proposed antenna design. The 

ground plane also has an extension along its length 

in order to improve antenna parameters in terms gain, 

directivity etc. The basic design strategy that has 

been adopted is to keep return loss as minimum as 

possible. The proposed antenna has input impedance 

of 50.77 Ω so as to have minimal reflection and to 

fed maximum power from port to the antenna 

feedline. The dimensional aspects of top view and 

bottom view are illustrated in fig 2.1 and fig. 2.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III.   SIMULATED RESULTS 

The CST Microwave Studio 2016 has been 

employed to analyse the performance of antenna on 

various parameters that are return loss (S11), 

impedance bandwidth (THz), gain (dB), directivity 

(dBi), impedance (ohms) and HPBW (degrees). The 

proffered antenna resonates at 3.12 THz with 

impedance bandwidth of 0.15 THz and S-parameter 

of -36.40 dB. It has a gain of 4.56 dB and directivity 

of 5.69 dBi. The proposed antenna has input 

impedance of 50.77 Ω in order to have minimum 

reflection losses and to transfer maximum power 

from port to antenna. 

 
 

Substrate Copper 

Fig. 2.1 Top view of the proposed antenna 

 

 

Fig. 2.2 Bottom view of the proposed antenna 
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A rectangular slot has been introduced on the ground 

plane of the proposed antenna in order to improve 

the return loss and to achieve the desired resonant 

frequency. The effect of introducing the slot can be 

clearly depicted from fig. 3.1 and fig. 3.2. The fig. 

3.1 shows the return loss of antenna with slot 

whereas fig. 3.2 shows the return loss of the antenna 

without slot. It can be seen that a distorted return 

loss plot is attained without slot. Further fig. 3.3 

depicts the gain and directivity plot of the proposed 

antenna. Its impedance is shown in fig. 3.4. It has 

HPBW of 83.5 degrees as shown in fig. 3.5. The 

simulated results of antenna are shown in table I. 

It can be analysed from above results that the 

proposed antenna can be suitably deployed for 

determination of vitamins L-ascorbic acid and 

Thiamine hydrochloride at resonant frequency of 

3.12 THz as it is spectral signature of both the 

vitamins. These spectral signatures are generally 

used to detect the various compounds or vitamins. 

IV. TABLE I – ANTENNA PARAMETERS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.no. Parameter Value 

1. Return loss -36.40 dB 

2. Impedance 50.77 Ω 

3. Gain 5.69 dB 

4. Directivity 4.56 dBi 

5. Bandwidth 0.15 THz 

6. 
Half Power 

Beamwidth 
83.5 deg 

 

 
Fig. 3.1 Return loss of the proposed antenna with slot 

 

 

Fig. 3.2 Return loss of the proposed antenna without slot 

 

 
Fig. 3.3 Gain of the proposed antenna 

 

 

Fig. 3.4 Directivity of the proposed antenna 
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V. CONCLUSION 

In this paper, a compact Terahertz microstrip patch 

antenna has been designed using CST Microwave 

Studio 2016. The proposed antenna operates in the 

frequency range of 3.04 THz to 3.19 THz resonating 

at 3.12 THz. The proposed antenna has been 

designed by employing FR4 as substrate with 

dielectric constant of 4.4 of thickness 1.6 µm. It is a 

narrow band terahertz microstrip patch antenna that 

can be suitably deployed for determining vitamins 

L-ascorbic acid and Thiamine hydrochloride at peak 

resonant frequency of 3.12 THz. A small rectangular 

slot has been introduced on the ground plane so as to 

improve the return loss and to resonate the antenna 

at required frequency. The main purpose to propose 

this work is to provide a new technique for detection 

of vitamins L-ascorbic acid and Thiamine 

hydrochloride as it is quite simpler and convenient 

than earlier proposed techniques because the 

microstrip patch antennas can be easily integrated 

with the system. 
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Fig. 3.5 Smith chart of the proposed antenna 
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