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This paper presents a new design of the microstrip patch
antenna operated at the terahertz frequencies (700-850
GHz). The conventional microstrip patch antenna
dimensions shrink to a few microns when operating at
such terahertz frequencies. Thus, the design of the patch
and its feeding network will be miniaturized extremely,
and their fabrications would be extremely difficult. In this
paper, the configuration of the proposed microstrip patch
antenna is suited in a way that it can be modelled using
multilayers structure. This multilayer structure facilitates
the modeling, and considering its fabrication. The
proposed microstrip antenna has been designed using
three layers. The top layer is used to model the
rectangular patch; while the second layer is for the
substrate, and the bottom layer is for the ground plane.
The physical dimensions of the layers and the fed-line are
optimised using the microwave Computer Simulation
Technology (CST) simulator in order to enhance the
electrical parameters of the antenna such as antenna
realised gain, bandwidth, total and radiation efficiencies,
and radiation patterns. In addition to that, the impact of
the physical dimensions of the rectangular patch on
controlling the resonant frequency of the dominant mode
(TMo1) have been investigated. Keeping the lower and
higher propagating modes out of the frequency band of
interest is another aspect which has been addressed in this
paper. The antenna has been simulated, and its realised
gain fluctuates from 6.4 dBi to 9.7 dBi over the operating
frequency range (700-850 GHz). Also, it provides
extremely large reflection coefficient bandwidth (S11)
which it is below -10 dB over the entire operating



frequency band. The total efficiency is more than 75 %.
Due to its simplicity and providing large bandwidth, the
proposed antenna could be of interest in many security
and surveillance applications.

Copyright © 2019 Kurdistan Journal of Applied Research.
All rights reserved.

1. INTRODUCTION

Terahertz frequencies band and terahertz communication components are being the subject to
research in the last decades due to the demands for a large bandwidth not only in the fields of
astronomy and science [1, 2], but also in security and surveillance applications [3]. Usually,
multiple reflectors in the surveillance systems are employed when operating at low
frequencies to detect hazard materials and explosives. Operating the system at terahertz
frequencies could introduce some unique features to the system. For instance, the terahertz
frequencies can penetrate different types of materials and belongings [4], and this could be
beneficial for the system to scan the object. Also, the photo resolution is extremely high when
“terahertz radiography” is used due to the inverse relation of resolution with the wavelength
[4]. Figure 1 shows a terahertz photo taken for a closed box containing some plastic and
metallic items. All the items can be recognized easily without opening the box. This property
of terahertz frequencies could be useful in the airports and train stations to check the
passenger bags and belongings without the need of opening.
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Figure 1: A closed cardboard box taken by terahertz radiography [4].

Another advantages of the terahertz frequencies and terahertz spectrum is the availability of a
larger bandwidth as pointed out before. This could fulfill the demand of users of wireless
systems to transmit or receive varieties of information simultaneously like texts, video,
animations and so on [5]. The increasing of data rate capability of a system is another reason
which encourage the researchers to focus on terahertz communication systems and its
components [6-11].

When talking on a terahertz communication system, the first issue faces the researchers is the
high value of free path loss [4] which degrades the transmission/reception of the signals over a
long-distance communication coverage. Employing a high gain and wide bandwidth antenna
could minimize the free space path loss issue [5].

There are several limitations regarding the high gain antenna designs when operating at
terahertz frequencies. One of the limitations is the physical dimensions which will be
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minimized extremely. Thus, the design of an antenna, which can be fabricable with the
presence technique, would be a challenge. There are several techniques presented in the
literature in order to facilitate and fabricate the design of terahertz antennas. The silicon
micromachining was utilized in [12] to design and fabricate a travelling wave rectangular
waveguide antenna at 23-245 GHz. Also, the metal deposition process was used in the
fabrication of a corrugated rectangular waveguide at frequencies 130-180 GHz [13]. A
reconfigurable loop antenna operated at terahertz frequencies was designed using the graphene
metal approach [14]. There is another technique with high precision for the design of terahertz
components, which is named micromachined SU-8 layers technique. Many terahertz
components were designed and made using that technique [15-19]. Also, we used the SU-8
layer technique to design a travelling wave slotted waveguide antenna [15], and an 8x8 planar
array slotted waveguide antennas [20] which were both operated at 220-325 GHz. More
details regarding the SU-8 layer technique is given in the following.

The SU-8 is a kind of polymer which is bulky and act as insulator. In order to use SU-8 layers
in the fabrication of any terahertz components like an antenna, they are to be coated by a
conductor like silver or gold as detailed in [15, 18]. Based on the previous designs [15, 20],
the SU-8 layer technique can confidently be used to make any terahertz antennas with
dimensional errors of only a few microns and introducing very low losses. Several kinds of
antennas that could be suitable to model and fabricate by means of the micromachined SU-8
layer technique. In this paper, a microstrip patch antenna is configured in a way that can be
modelled according to the multilayer technique for the first time.

This paper is organized as follows. The proposed microstrip patch antenna layout, which is
arranged in the light of the multilayer, is presented in Section 2. The impacts of the physical
parameters on electrical performances are analyzed in Section 2. The CST Optimizations have
been conducted for some of the physical dimensions of the antenna in order to achieve the
goals which are defined in Section 3. Comparisons between the electrical properties of the
proposed microstrip patch antenna and some antennas presented in the literature are shown in
Section 4 for more clarification. It is then followed by a conclusion in Section 5.

2. DESIGN METHOD AND LAYOUT

Conventionally, a microstrip patch antenna consists of three layers. The top layer is used to
make the rectangular patch out of it, the second layer is the substrate layer to hold the
rectangular, and the third layer is to make the ground plane. The dimensions of the microstrip
patch antenna are defined in terms of wavelength (1). For the proposed terahertz microstrip
patch antenna, the operating centre frequency is chosen to be 770 GHz. Usually the microstrip
patch layer has a thickness (t) which is much smaller than the wavelength. However, because
of the higher operation frequency here, the (t) value becomes so small. Thus, the (t) value is
increased and is chosen to be 0.04 mm in order to avoid the design and fabrication limitations
as shown in Figure 2.
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Figure 2: The configuration of the proposed microstrip patch antenna which is modelled using the
CST simulator. Substrate is made from Rogers RT6006 with &,.=6.15. Dimensions in mm are as
follows. Patch dimensions; a = 0.6 and b = 0.4. patch and fed-line thickness; t = 0.04. Fed-line length;
| =0.3. Substrate thickness; t1 = 0.2.

The material used in the CST for the ground layer and patch is perfect electrical conductor
(PEC). The PEC material is later changed to sliver material so as to demonstrate its impact
on the electrical performances. This will be addressed in Section 3. Using the patch antenna
cavity model [21], the resonant frequency of the propagating modes (TMmn) in the
microstrip can be determined using the following expression.

c m 2 n 2
fmn _2 Eeff (;) +(;) (1)
Where; e, is the effective relative permittivity which is defined mathematically in
terms of physical dimensions by (seff=£r2—+1+€r2—_1[1+12%]‘°-5) [21]. m and n are

positive integer numbers, and a and b are radiation side dimensions of the
rectangular patch as labelled in Figure 2. It should be mentioned that the resonant
frequency of the propagating dominant mode (TMo1) can be calculated when the
dimensions (a, b) are known with the relative permittivity of the substrate layer using
equation 1. It has been considered in this work that when the patch dimensions (a)
and (b) are changed, resonant frequency of the TMo: is tuned, and propagating of
higher modes could occur nearby the dominant mode frequency range. More details
regarding the design procedure for the (a) and (b) calculations are discussed in
Section 3. The substrate layer thickness is chosen to be (t1 = 0.2 mm), and it is made
in CST from Rogers RT6006 with relative permittivity €,=6.15.

3. ANALYSIS AND SIMULATED RESULTS

The proposed terahertz microstrip patch antenna has been simulated using the CST simulator
within the frequency range 700-850 GHz. The current line distribution on the rectangular
patch at the centre frequency 770 GHz is shown in Figure 3. All the current lines have the
same direction, confirming the propagation of the dominant TMo: mode at the centre
frequency. In order to see the effect of the patch dimensions (a, b) on the tuning of the
resonant frequency of the TMo mode, the following investigations are performed.
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Figure 3: The 3D view of the proposed microstrip patch antenna with radiation pattern visualization
using the CST simulator at centre frequency 770 GHz.

The initial patch dimension (a) values are changed from 0.5 mm to 0.9 mm in order to see its
influence on the resonant frequency of the TMg1 mode. One can see from the Figure 4 that the
resonant frequency shifts to higher operating frequency when the (a) dimension is decreased.
On the Other hand, the increase of (b) value shifts the resonant frequency to the lower
operating frequency as depicted in Figure 5. It is worth mentioning that the (a) and (b) values
also have influences on propagating other harmonic modes like TMzg, TM21, and TM2, on the
patch within the frequency band of interest. Attention is paid here on achieving the main goal
which was obtaining a large reflection bandwidth (Si1 below -10 dB from 700-850 GHz)
without degrading the radiation pattern.
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Figure 4: The influence of (a) dimension variation of the rectangular patch on the resonant frequency
shift of the dominant mode TMo1 when the (b) dimension is fixed at 0.4 mm.
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Figure 5: The influence of (b) dimension variation of the rectangular patch on the resonant frequency
shift of the dominant mode TMo1when the (a) dimension is fixed at 0.6 mm.

The (a) and (b) values are chosen, based on the analysis mentioned above, to be 0.6 mm and
0.4 mm respectively. These values can fulfill the goal which make the antenna resonant at
centre frequency 770 GHz with a reflection coefficient Si1 below -10 dB within the operating
frequency range as shown in Figure 6. It can be seen that there is a very good impedance
matching over the entire operating frequencies, especially at 770 GHz. This leads the antenna
to provide an extremely large impedance bandwidth.
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Figure 6: The Su response of the microstrip patch antenna versus the operating frequencies.

The impact of the patch thickness (t) on the electrical performances such as the antenna gain
and bandwidth is investigated in this paper. It has been found in this work that the patch (t)
has no significant influence in tuning the resonant frequency and enlarging the bandwidth.
However, the increasement of the patch thickness (t) degrades the antenna peak gain at 770
GHz as can be noticed clearly in Figure 7. In this work, a thickness of 0.04 mm is chosen as
an optimum dimension for the patch due to the fact that such dimension can facilitate the
modeling and the fabrication process.
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Figure 7: The peak gain variation versus patch thicknesses at centre frequency 770 GHz.

The antenna has a simulated directivity which is about 8.1 dBi at the centre frequency 770
GHz as presented in Figure 8. While, the realised gain is smaller than the directivity and is
equal to 7.15 dBi. This difference goes back to the losses introduced by the material (Silver)
used in the design of the patch and the ground. Also, the propagations of the other harmonic
modes within the operating frequency band could contribute in the creation of the losses. As
shown in Figure 9, the antenna efficiency is poor at the start frequency band and resonant
frequencies (75 %), but it has become more efficient around 780-820 GHz, and the difference
between the directivity and realised gain values become smaller. As mentioned before, the
patch and ground plane layers of the antenna are modelled in CST out of PEC material. In
case the fabrication process is considered, the PEC material is converted to a lossy silver
material with conductivity (0=6.3x107) in order to see its impact on the antenna realised gain
and directivity. Figure 8 shows that there is a negligible degradation in the realised gain and
directivity values.
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Figure 8: The directivity and realised gain variation versus frequencies for both PEC and Silver
materials.
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Figure 9: The radiation and total efficiencies variation versus frequencies.

The radiation pattern for both the Electric (E) and magnetic (H) planes are investigated at the
operating frequencies 750 GHz, 770 GHz, and 790 GHz, respectively. They are shown in
Figure 10. The E-plane pattern has a lower side lobe level (below — 8 dB) when comparing
with H-plane over the entire operating frequencies. The asymmetry of the patterns in the H-
plane goes back to the asymmetry of the rectangular microstrip patch antenna in that plane.

It should be mentioned that more directive patterns can be obtained when the array theory
principle is applied on the design. In this paper, extensive review has been conducted on the
performance of a single microstrip patch antenna operating at terahertz frequencies. To the
knowledges of the author, it has been concluded that the performance of the proposed
microstrip terahertz antenna is unique and competitive especially in terms of the gain,
reflection bandwidth, and geometry simplicity. For more clarifications, in the following
section a comparison has been made with those works presented in the literature on the
terahertz patch antennas. A comparison table has been placed as well to compare the physical

dimensions (size and volume) and electrical performances (gain, bandwidth, efficiency, and so
on) of the presented works in the literature.
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Figure 10: The E- and H-planes radiation pattern of the proposed microstrip patch antenna at the
frequencies; (a) 750 GHz, (b) 770 GHz, and (c) 790 GHz, respectively.
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4. COMPARIONS AND DISCUSSION

A comparison between the electrical properties of the proposed terahertz microstrip patch
antenna with some other high operating microstrip patch antennas presented in the literature is
conducted in this section. Microstrip patch antennas have been focused extensively recently to
operate at millimeter-wave and terahertz frequencies due to their compactness, planar
structure, and low fabrication cost [22, 23]. A compact microstrip patch antenna is proposed in
[24] for terahertz applications. A method to improve the gain and fabrication tolerance of a
microstrip patch antenna at 95-105 GHz is proposed in [25]. A new model to design the
substrate layer for microstrip patch at terahertz frequencies range based on the silicon is
discussed in [26]. A new configuration for the microstrip patch is introduced in [27] for the
purpose of biotin detection application. Designing the multiband terahertz antennas is a new
task for researchers which has been investigating extensively. A dual band microstrip patch
antenna operated at terahertz frequencies was presented in [28] for the surveillance systems. A
technique to enlarge microstrip patch size is introduced in [29] for the purpose of increasing
the fabrication tolerance at millimeter and terahertz frequencies. Two new techniques to feed
microstrip patch and microstrip patch array are discussed in [30, 31]. Some of the electrical
properties of the microstrip patch antennas mentioned above have been summarized in Table 1
with their applications. Also, they are compared with the electrical properties of the proposed
terahertz microstrip patch antenna for further clarification.

Table 1: Summary of the electrical properties of some terahertz patch antennas

Frequency Peak gain . Tot_al_
Refs band Antenna (dBi) Bandwidth (%0) Effici Applications
) Structure (S11 below -10 dB)  ency PP
(GH2) o
(%)
Sensing and
Rectangular S
[24] 600 Microstrip 7 10.1 NA comrr;t:‘nlcatl
Microstrip
[25] 95-105 antenna array 13.4 55 93.7 NA
Sub-THz
[26] 300-440 Dual-patch NA NA NA radiation
detector
New shape of Biotin
[27] 150-500 microstrip 5.17 2.2 NA detection
patch application
Two-layer Surveillance
[28] 600-800 substrate 9.8 12.8 79.7 system
) Microstrip
[29] 54-58 patch 7.7 3.2 90.8 NA
Novel feed
[30] 288-312 microstrip 4.39 33 NA NA
Patch arra THz
[31] 288-312 ; Y 10 3 NA  communicati
eed source
ons
Propo
sed Microstrip .
Anten 700-850 patch antenna 7.15 19.4 75-90  Surveillance
na

5. CONCLUSION

A new configuration of microstrip patch antenna operated at frequencies 700-850 GHz was
introduced in this paper. Three layers were utilized in the design of the presented antenna. One
of the unique features of the presented microstrip patch antenna was its adaptation with
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multilayer structure. Investigations on the effects of the geometrical parameters of the
microstrip patch on the electrical performance has been conducted. The genetic algorithm
optimisation technique in the CST simulator was utilised in order to enhance the realised gain
and reflection bandwidth of the microstrip patch antenna. With the design analysis presented,
the antenna performance was in good agreement with the theoretical expectation. The antenna
provided extremely wide bandwidth for such operating frequency range. Also, the size is
small and compact which could be of interest in employing at many security and surveillance
applications.
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