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Terahertz band gap is the range of frequency lying between the microwave band and the optical band, its
range spectrum starts from 0.1 THz to 10 THz. This band provides unallocated wide bandwidth as well as very
high-speed communication in the futuristic applications. This article presents a broadband microstrip 1 x 2 array
antenna powered by hybrid coupler in terahertz band (around 2.45 THz). To reach this Broadband antenna, at
first, a wideband 3 dB hybrid coupler is designed and optimized. After that, two basic elements of square shaped
with slots are fed by the two output ports of the coupler. The results obtained reports that the suggested antenna
offers — 10 dB wide bandwidth equals to 846 GHz (from 1.91 to 2.77 THz) with good impedance matching,
maximum directivity equals to 8.86 dBi at the operating frequency 2.45 THz. Additionally, it offers the capability
of beam steering which can be obtained by switching of the input ports of the coupler. Thus, the antenna can
produce two beams at +30°. The structure and simulation results of the proposed antenna have been done on
Rogers RT/duroid 5880 substrate. The total size of the proposed microstrip array antennais 110 x 112 x 1.56 pums3.
Due to its capability of beam steering and broadband characteristic, the proposed antenna is a potential candidate
for Terahertz band applications such as materials characterization in the THz band, medical imaging and future

high-speed wireless communication.
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1. INTRODUCTION

In the past decade, the wireless communication
systems undergone a significant evolution in the outdoor
and indoor communications. This evolution needs high-
speed communication systems for the establishment of
faster communication link. However, the available
microwave spectrum band are totally allocated and
utilized by many wireless communication applications.
This limitation has motivated many researchers all around
the world to search other unallocated bands. Thus, the
terahertz band gap is a potential choice to allow whole
wireless applications thanks to its unallocated spectrum as
well as its high speed communication which can be up to
10 Gbits per second [1-2]. The terahertz band is the range
of frequencies located between the microwave and optical
band; its range spectrum starts from 0.1 THz to 10 THz.
To have a true transmission and reception of data, an
antenna is an unavoidable part of wireless communication
systems. The most common antennas have used in wireless
communication are the patch antennas thanks to its low
cost, profile, and weight as well as its simplicity of
integration with wireless systems [3]. However, this kind
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of antennas have some weakness’ such as, narrow
bandwidth [4], weak gain [5], and inflexibility in radiation
beams [6]. These limitations motivate many scientists and
researchers all around the world to suggest some solutions.
The array antenna [7] is one of solutions to get up the gain
and directivity. Moreover, the feed by hybrid coupler [8] or
Wilkinson power divider [9] are potential solutions to
resolve the inflexibility problem as well as to widen its
bandwidth.

So far, most available terahertz antennas are simple
and having fixed beam as per best of authors knowledge.
In the most of the cases, for wireless communication
system, the transmitter and the receiver are moving. The
available THz antennas [10-15] as reported in literature
could not be not able to track electromagnetic waves in
steerable directions. To overcome this problem, a steerable
antenna is necessary. In addition, due to the increase of
customers, the progress in internet of things as well as the
giant growth of wireless systems, compact, wideband
antenna is essentially required.

Hence, in this paper, we have suggested a new
broadband, beam steerable microstrip 1 x 2 array antenna
in the THz band operation. This antenna is able to direct
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the radiation in two different directions with good
performance. The proposed antenna is dedicated to operate
in terahertz band, it has — 10dB impedance bandwidth of
846 GHz with a maximum directivity of 8.861 dBi and
beam switching capability in two different directions
covering a scanning beam angle of 60 degree.

This paper is presented into four essential parts as
follows: after this introduction, Section 2 discusses the
investigated design method. Section 3 is dedicated to
results and discussion. Finally, section 4 is the conclusion
of this article.

2. INVESTIGATED DESIGN METHOD

In this section, we have presented the design
methodology that has been used in order to achieve a
wideband steerable antenna using microstrip technology.
First of all, a microstip rectangular patch antenna is
designed as well as optimized. After that, a wideband
coupler is optimized. Finally, the broadband steerable
antenna is reached by feeding two same basic elements by
the optimized coupler. The design has been conducted on
substrate Rogers RT/duroid 5880 with the total size of
110 x 112 x 1.56 pm?.

2.1 Study and Design of The Basic Element

The proposed basic radiating element is a planar
antenna having a rectangular shape. At first, it was fed by
50 Q feed line and the impedance matching is insured by a
quarter-wave impedance transformer (see Case 1 in Fig. 1).
After that a parametric scan have been conducted on the
dimensions of the quarter-wave impedance transformer
and the feed line (see Case 2 in Fig. 1). Finally, in order to
miniaturize space, the optimal length of the quarter-wave
impedance transformer is folded (Case 3 in Fig. 1). In this
case, circular and elliptical slots are added on two opposite
corners of the patch. These slots helped to attain the
resonance at the desired frequency. The basic element has
been designed using HFSS simulator. It is conducted on
substrate (Rogers RT/duroid 5880). The overall size of this
optimized basic element is 50 x 52 x 1.56 um?.
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Fig. 1 — Optimization steps of the proposed basic element
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2.2 Study and Design of the Proposed 3 dB Hybrid
Coupler

A hybrid coupler is a power divider that contains two
input ports and two output ports. It has the ability to
divide the input signal in two equal quantities making a 90
degrees phase shift between them. It can be used for power
combining or power division. The proposed 3 dB hybrid
coupler is illustrated in Fig. 2. It is made of eight
transmission microstrip lines and their impedances are
related to the input impedance which equals to 50 Q in
their shunt arm, so the characteristic impedance of series

. Zgo
arm is —= = 35.35 Q.

The analytical equations that allowed to calculate the
lengths and widths of shunt arms as well as series arms of
the proposed coupler can be calculated from ref [3].
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Fig. 2 — Proposed microstrip 3 dB hybrid coupler

The scattering matrix is given as [3]:

[0 1 e 0]
_i| 1 0 o e
[S] - \/7 ejgoo 0 0 1 (1)
0 ejoo° 1 0

In this scattering matrix, it’s clear that it equals to its
transpose. So, the designed antenna is symmetrical. Thus,
any port can be used as input port.

In this work, the designed coupler will be utilized to
design a beam-steering and broadband antenna. Indeed, as
result of the available 90 degrees phase shift between the
two output signals, the power divider can be able to steer
two beams in two directions £30° by switching the input
signal between two input ports. The other non-fed port
should be matched to its impedance that helps to convert
the narrow bandwidth to a wide operating bandwidth for
the designed antenna.

2.3 Study and Design of the Proposed Broadband
Beam-Steerable 1 x 2 Array

In order to increase radiation and impedance
performance of the basic radiating element, the optimized
coupler is used to feed two identical basic elements by a
separation distance d. So, the two patches are supplied by
two signals having the same amplitude with 90° phase
shift between them. Thus, the proposed array antennas
will be flexible in beam directions and beam steerable.
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Fig. 3 shows the proposed design of the beam steerable
antenna with top side indicating patches and back side,
indicating a partial ground plane of this antenna.
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Fig. 3 — Design of the proposed microstrip broadband steerable
antenna. (a) Top view. (b) Rear view

Due to the 90 degrees phase shift made by the designed
hybrid coupler, the radiation pattern will move in two
different directions creating an angle 6 with the normal to
the antenna. This angle can be expressed by the equation:

ing = + 24
sinf = + omd 2)
A =The wavelength in air.
¢ = The phase shift made by the coupler.
d = The distance that separates two patches, in which d

should respect the condition d < % for reducing the mutual

coupling between patches.

In equation (2), the angle #is expressed as a function of
d, 4, and ¢. Since d is fixed (d = %). Also, knowing that ¢is
fixed by hybrid coupler (¢ = 90°). Thus, the angle 8 will be
controlled by one parameter A. Consequently, for each
operating frequency corresponds to a direction 6. In this
work, the operating frequency is selected as 2.45 THz. So,
its corresponding direction 6 will be £30°. This 6 value is
theoretical, in the next section, simulation results are
presented.
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3. SIMULATION RESULTS AND DISCUSSION

The simulation studies have been performed using
HFSS EM software and the obtained results are discussed
in this section. The results are obtained through two
studied scenarios:

i) 1st step: when and port 1 is fed and port2 is adapted to

50 Q.

ii) 2nd step: when and port 2 is fed and portl is adapted

to 50 Q

Fig. 4 displays the port 1 results versus port 2 results.
Thus, it can be seen that there is a good agreement
between these two cases.

Fig. 4(a) illustrates the simulation results of the
reflection coefficient S11 when port 1 is ON against when
port 2 is ON. So, it can be noted that in both scenarios, a
wide bandwidth of about 846 GHz (from 1.91 to 2.77 THz)
can be obtained.
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Fig. 4 — Simulation results (a) reflection coefficient Sii, (b)
directivity, (c) direction of maximum beam of radiation pattern
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Table 1 — Comparison of proposed beam-steerable THz antenna
with other previous references

—-10dB Operating |Peak| beam
References|Impedance| frequency [Direct| steering
bandwidth (THz) ivity [capability|
(GHz) (dBi)

[10] 340 [0.535-0.84] - No

[11] 67 [4.062-4.129] | 3.81 No

[12] 60 _ 5 No

[13] 269 | [0.445-0.714] | 5.7 No

[14] 385 [6.8-7.186] | 7.28| No

[15] 350 [3.3688-3.723]| 8 No

This work 846 [1.91-2.77] |8.86| Yes

Fig. 4(b) indicates the simulation results of the
directivity when port 1 is ON against when port 2 is ON.
So, it’s clear that in both scenarios that the peak directivity
is achieved exactly at the chosen frequency (2.45 THz) and
equals about 8.86 dBi.

Fig. 4(c) illustrates the simulation results of the
maximum beams’ directions obtained in both studied
scenarios. So, it is clear that when port 1 is fed, the beam
is oriented to the right by angle & equals about 30°.
However, when port 2 is fed, the beam is oriented to the
left by angle 6 equals about — 30°. Consequently, the
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Iluprnra 3a60poHEHOI 30HU TEPATepIIOBOTO Iiala30Hy — Iie J1amas30H YacCTOoT, 10 JISKUTHh MisK MIKPOXBUJIBOBUM
iamas3oHoOM 1 OIITUYHHUM Jialla3oHoM, HMOro CIekTp miamnasony mouumHaeTbes Bim 0,1 T mo 10 TT'm. Ileit miamason
3abesIieuye HEPOSIOIIJIEHY IIIMPOKY CMYTY IIPOIIYCKAHHS, & TAKOK Jy’Ke BIUCOKOIIBUIAKICHUM 3B’I30K ¥ Py TYPUCTUIHUX
rporpamax. ¥ Ifi#f CTaTTI IPeJICTABJIEHO IIIMPOKOCMYIOBY MIKPOCMY?KKOBY aHTEHHY DELITKY 1 X 2, 10 KUBUTHCS BT
riOpUIHOTO 3B’sI3yBava B TepareproBoMy miamas3oni (6smabko 2,45 TT'm). Jlas gnocsaraeHHs 1miel ITMPOKOCMYTOBOi aHTEHH!
CITOYATKY PO3PO0JIEHO Ta OITUMI30BAHO IIMMPOKOCMYTOBHUH Tiopuauauit posd’eM 3 ab. ITicsist miboro 1Ba OCHOBHUX eJIeMEHTA
KBaJpaTHOI (opMM 3 MHpopi3aMH MONAIOTBECS Yepe3 JBa BUXIIHUX IopTy 3'emHyBada. OTpuMaHi pes3yJibTaTh
MIOBIIOMJIAIOTE, III0 3aPOIOHOBAHA AHTEHA MpPOIoHye mmpuHy cmyru — 10 ab, mo mopiBuioe 846 I'T'm (Bix 1,91 mo
2,77 TT'11) 3 XOPOIIMM y3rOKEeHHAM IMIIeIaHCy, MAKCHMAJIbHA CIPAMOBAHICTE JA0piBHIOE 8,86 n1b Ha pobouiit yacTori
2,45 TT'u. Kpim Toro, BiH IIpOIOHYe MOKJIMBICTH KEPYBATH IIPOMEHEM, AKY MOYKHA OTPUMATHU IIJISXOM ITePEeMUKAHHS
BXIIHUX IIOPTIB 3'€NHyBaua. TakuM YMHOM, aHTEHA MOXKe CTBOPIOBATH ABa IpoMeHi mix xyroMm + 30°. CTpykrypa Ta
pe3yabTaTh MOJEIIOBAHHS 3aIlIPOOHOBAHOI aHTeH: OyJiu BukoHaHi Ha migkiaamii Rogers RT/duroid 5880. 3aranbauit
PO3Mip 3aIIPOIIOHOBAHOT MIKPOCMYSKKOBOI AaHTEHHOI penmiTEu cTaHoBuTh 110 x 112 x 1,56 MmrM3. 3aBasiku CBOIM 37aTHOCTI
KepyBaTU IIPOMEHEM 1 IIMPOKOCMYTOBUM XapaKTEePUCTUKAM 3aIIPOIOHOBAHA aHTEHA € IIOTEHINNHUM KaHIUIATOM JJIs
3aCTOCYBaHb y I1AIIa30H1 Teparepll, TAKUX SK XapaKTepHUCTUKA MaTepiaiis y miamnasoni T, meguune 300paskeHH Ta
ManOyTHIM BUCOKOIIBUAIKICHUN 0E3IPOTOBUIA 3B’ I30K.

Knrouogsi ciiora: Aurenna pemritka, Kepysanusa npomenem, [llupoxocmyrosumii 38’s130k, MMiKpocMyrosa maTd-aHTeHa,
TpareprioBuii giamasoH, Binramy:xysad.
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