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In this paper, the authors studied and designed a simple patch antenna with a rectangular shape and
exploited it to construct an array formed by two antennas in parallel and another one formed by four an-
tennas in parallel in the 5G millimeter band with an operating frequency of 27.5 GHz. This study aims to
obtain better antenna performances like gain, directivity, S11, bandwidth, and efficiency. In this paper, we
use a polyamide-type substrate with relative permittivity &, of constant value equal to 4.3, thickness As of
constant value equal to 0.15 mm, width W, = 3.77 mm and length L, = 4.55 mm, which represents a suita-
ble material for antenna designs proposed in this paper. Furthermore, in this paper, the total size of this
single printed antenna is equal to 2.578 x 3.35 x 0.15 mm3. The single patch antenna resonates at
27.0787 GHz with a return loss (S11) measurement value equal to — 28.1548 dB, a bandwidth value equal
to 1.03 GHz, a VSWR of 1.081, a gain value equal to 6.3 dB, a directivity value equal to 6.7 dB, and radia-
tion efficiency of 92.64 %. The proposed 1 x 1 antenna array operates at 27.42 GHz and improves the per-
formance achieved with a previous single antenna as follows, including S1: (down to — 30 dB), gain (7.3 dB),
and directivity (7.8 dB). Similarly, the proposed 2 x 2 antenna array successfully improves Si1 down to
—31.7 dB, gain up to 10.6 dB, bandwidth up to 1.07 GHz, and directivity up to 11.2 dB at a resonant fre-
quency of 27.078 GHz. The antenna designs presented in this paper are performed using the high-
frequency structure simulation (HFSS) tool. In addition, antennas proposed in this paper are adapted to

the 27.5 GHz frequency range as well as applied to the 5G mobile communication system.
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1. INTRODUCTION

Millimeter-wave frequencies provide high capacity
and thus allow a considerable amount of data to be
transferred across a specific transmission path to
achieve multi-gigabit per second transmission rates,
associated with increased reaction times [1, 2]. These
characteristics make it possible to envisage attractive
prospects for the provision of fast wired Internet con-
nections and data and video trains, not to mention the
possibilities of replacing existing cables. On the other
hand, appropriate and reliable construction procedures
and techniques are needed to study and then design
antennas with the required performance for the fifth
generation ("5G"), as well as predictive time and fre-
quency domain simulations that can efficiently handle
printed antennas [3, 4]. Fifth generation ("5G") milli-
meter-wave frequency bands, including those in the
24.25-27.5 GHz and 57-64 GHz ranges, have received a
lot of public interest due to their broadband character-
istics that can support higher capacity and data rates
for mobile communication systems [5-9]. Nevertheless,
these frequency bands are subject to several obstacles,
including (a) considerable propagation loss, (b) fading
by multiple transmission paths, and (c) interference
from various types of channels. To recover these losses,
very high-performance antennas must be used.
Multibeam antennas or arrays are necessary to avoid
jamming and interference caused by multipath broad-
casting [6-10].

An antenna is a device for radiating or receiving ra-
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dio waves in space. There are antennas for transmit-
ting and receiving electromagnetic signals and radio
signals. The patch or printed antenna is a planar-type
device, and its radiating element usually consists of a
conductive surface of various geometries such as
square, rectangular, triangular, etc., separated by die-
lectric insulating support from the conductive reflection
plane [3, 7].

An antenna array is a set of separate synchronously
fed radio antennas. It means that the phase shift of the
current between two pairs of antennas is constant. The
antenna array may contain several antennas, fed by
the field generated by other elements instead of the
source directly (parasitic elements) (this is the case of
Yagi-Uda antennas). The electromagnetic field created
by an antenna array is the sum of the vector fields
generated by each element. The proper choice of the
distances between the various antennas and their cur-
rent phase allows modifying the directivity of the array
by creating constructive interference in some directions
and destructive interference in other orientations [8].

In this paper, we perform a study and design neces-
sary to construct a single patch antenna and use it to
create an antenna array consisting of two antenna
elements in parallel and an array formed by four single
patch antenna elements arranged through parallel. The
general plan of this work is structured as follows. The
first step is devoted to the necessary introduction, the
second step concerns the procedure used to study and
design the proposed simple antenna, the third step is
going to be devoted to the study of two-piece antenna
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arrays, the fourth step carries a study of four-piece
antenna arrays. We will analyze and discuss in more
detail all the simulation results obtained in this paper,
as well as their comparison with existing ones. We
employ high-frequency structure simulation (HFSS)
software for these designs. Finally, in the fifth part, we
end this paper with conclusions.

2. SINGLE ANTENNA
2.1 Single Rectangular Antenna Design Method

In this paragraph, we explain the design procedure
for microstrip patch antennas, including the process of
calculating the parameters of the patch antenna, mean-
ing its length (L) and its width (W), as well as the di-
mensions of the ground surface, precisely its length (Lg)
and width (W;), and the electrical cables needed to feed
them. We also explain the procedure to print the radi-
ated element meaning the rectangular part of size (L,
W) or the patch on the substrate. This substrate plays a
double role in microstrip technology. It is both a dielec-
tric material, where the circuits are etched, and a me-
chanical part because it supports the structure. To
facilitate the study and design of printed antennas with
better performance, we propose a simple rectangular
printed antenna design with an operating frequency of
27.56 GHz intended for 5G applications, as shown in
Fig. 1. The substrate chosen for this design is a polyam-
ide material having a relative permittivity of constant
value &r equal to 4.3 and a height As equal to 0.15 mm.
Polyamide is a frequently used material for coating
metal substrates and is supplied by a microstrip line.
The quarter-wave transformer also refers to the mi-
crostrip cable used to ensure a proper match between
the impedances. The reference formulas of [3, 11] are
used for the calculation of the length and width of the
microstrip feeder cable (La, Wa), as well as the proposed
antennas (L, W).

Using formula (1), we obtain the proposed antenna
width W
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The ground plane dimensions are the following:
Wg= W+ 6hs and Lg=L + 6hs. Letter W denotes the
width of the radiated element (patch), as well as letter
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L corresponds to the length of the radiated element, f-
represents the operating frequency fr = 27.5 GHz, letter
¢ stands for the speed of light whose constant value is
equal to 3-108 m/s, AL is the stretching distance, the
coefficient hs stands for the thickness of the dielectric
that means the thickness of the substrate, the factor eeff
corresponds to the effective permittivity of the dielec-
tric that means the permittivity of the substrate, the
factor Wy stands for the width of the ground plane, the
factor Lg stand for the length of the ground plane.

Lg

W

we Wa

Fig. 1 - Structure envisaged for this printed antenna

Table 2 - Summarized values of the parameters obtained in
the design of this patch antenna

Parameter Value (mm)
Le 4.550
We 3.778
hs 0.150
w 2.578
L 3.350
Lq 0.200
Wa 0.060

2.2 Simulation Results and Discussion

Simulation of this antenna was performed in Ansys
HFSS — a high-frequency electromagnetic field simula-
tion tool. The choice of the position of the excitation
source plays an essential role in the design of the an-
tenna. Therefore, we first choose the excitation point to
excite the optimized patch through a microstrip feed
wire in different feed positions. In this section, the
correct feed line position is the midpoint of the radiated
element (patch). Thus, the results of the simulation of
this antenna are as follows.
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Fig. 2 — Parameter Si1 of the antenna studied in this work
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The return loss S11 of an antenna is an essential pa-
rameter to evaluate the ratio of the reflected signal to
the incident signal. This antenna resonates at
27.0787 GHz with a reflection coefficient of
—28.1548 dB, a bandwidth of 1.03 GHz, an VSWR of
1.081, as shown in Fig. 2.

The gain of an antenna in a preferred orientation is
the ratio of the transmitted power density in that ori-
entation to that obtained with a standard antenna, 1i.e.,
an isotropic antenna. The proposed antenna has a gain
of 6.3 dB, as shown in Fig. 3.
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Fig. 3 — Schematic of the radiation pattern of this antenna in 3D

The directivity of an antenna in a given direction is
the power density radiated by the antenna in that di-
rection relative to its average over the entire space.
This antenna has a directivity of 6.7 dB, as shown in
Fig. 4.
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Fig. 4 — Graphic representation of the directivity of the pro-
posed antenna

L

Wq

Lq

we |

d

Fig. 5 — The proposed antenna array
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3. TWO-PATCH ANTENNA ARRAY

The objective of this antenna array is to improve the
performance of the above individual antenna, especially
in terms of gain and directivity. Table 3 summarizes
different design parameters and Fig. 5 shows the an-
tenna array consisting of two patches.

This array of antennas resonates at 27.4157 GHz,
with a return loss of —30.0548 dB, a bandwidth of
0.76 GHz, an VSWR of 1.0648, a gain of 7.3 dB, and a
directivity of 7.8 dB, as shown in Fig. 6.

Table 3 — Antenna array parameters

Parameter Value (mm)
Substrate length Ls 9.100
Substrate width Ws 3.778
Substrate height As 0.150

w 2.578
L 3.350
Wq 0.200
Lq 0.200
Wa 0.200
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Fig. 6 — S11 (a), gain (b) and directivity (c)
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4. FOUR-PATCH ANTENNA ARRAY o
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Fig. 7 shows the four-patch antenna array, and Ta-
ble 4 summarizes different design parameters. This
antenna array resonates at 27.078 GHz with a reflec-
tion coefficient of — 31.7 dB, a bandwidth of 1.07 GHz, a
VSWR of 1.054, a gain of 10.6 dB, and directivity of
11.2 dB, as shown in Fig. 8.

The gain provided by the antenna [15] is higher
than that of other antennas; however, it has two
drawbacks: very low bandwidth and large size. On
the other hand, the S11 and bandwidth of this anten-
na [14] are better than those obtained for other an-
tennas. The proposed antenna has a high radiation
efficiency and small size compared to other anten-
nas, but also larger bandwidth than other antennas
[13, 15]. The Si1 reflection coefficient of the two-
element array cited in [17] is much better than those
of any other array. However, the proposed two-
element antenna array has the best performance
compared to other arrays [16, 17], including gain,
directivity, bandwidth, and radiation efficiency. Fur-
thermore, the performance of our proposed four-
element antenna array is better than that of any
other array [16, 17], especially in terms of gain, di-
rectivity, bandwidth, and radiation efficiency.

Fig. 8 - S11 (a), gain (b) and directivity (c)

5. CONCLUSIONS

In this paper, the authors have studied and de-
signed a single patch or printed antenna, a two-element
antenna array, and a four-element antenna array in
the context of 5G applications.

The simulation results obtained for the four-
element array antenna are summarized as follows: the
reflection coefficient is — 31.7 dB, the gain is 10.6 dB,
the bandwidth is 1.07 GHz, and the directivity is
11.2 dB with a resonant frequency of 27.078 GHz. The-
se performances are much better than those obtained
for a single patch antenna, two-element arrays and
antennas listed in Table 5 and Table 6.

The antenna and antenna arrays presented in this
paper have addressed the needs of millimeter-wave
operation at a frequency of 27.5 GHz, and also simplify
design and reduce manufacturing costs. These results
obtained with the proposed antennas are very interest-
ing for millimeter-wave applications, as well as for 5G
technology systems. These antennas are also adequate
for 5G wireless applications, thanks to their excellent
characteristics and reduced costs of production.
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BusuyeHnHs Ta IPOEKTYBAHHA MACHUBIB IPYKOBAHUX MPAMOKYTHHUX MiKPOCMYTOBUX AHTEH
Ha pobouiit uacrori 27,5 I'T'y noa moxmarkis 5G

S. Didil, I. Halkhams?!, M. Fattah2, Y. Balboul?!, S. Mazer!, M. El Bekkali!
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¥ poboTi aBTOPH CIPOEKTYBAIHN Ta IOCILAUIIN IIPOCTY IIaTY-aHTEHY IPSIMOKYTHOI (POPMH Ta BHKOPHCTA-
JI7 1i 1719 CTBOPEHHSI MacCUBY, YTBOPEHOI0 IBOMA TapaJie JbHUMU aHTeHAMU, Ta e OJJHOT0 MAaCHBY, yTBOpe-
HOTO YOTHPMA IApaJIeJIbHUMM AHTEHAMM, B MiTiMeTpoBoMy miamadoni 5G 3 po6ouoio uacroroo 27,5 .
Jlane mocitiskeHHsI CIPSIMOBAHE HA OTPUMAHHS KDPAIUX XapPAKTEPHUCTUK AHTEHM, TAKUX SIK [I1JCUJIEHHS,
CIPSIMOBAHICTB, S11, IPOILYCKHA 3ATHICTH Ta eeKTUBHICTL. ¥ po0OTI MM BHKOPHCTOBYEMO HOJIIAMIIHY IIif-
KJIZKY 3 BIJHOCHOIO JIIeJIEKTPUYHOK IPOHUKHICTIO & = 4,3, TOBIUHOWL hs = 0,15 MM, mupunoio Wy = 3,77 mm
1 noBsuHOWO Lg = 4.55 MM, sIKa € BIJIIOBIIHUM MaTepiasoM JJjis aHTeHHUX KOHCTPYKIIIH, 3aIIPOIIOHOBAHUX B
poboTi. 3araJabHUNE PO3MIp 3aIIPOIOHOBAHOL IPYKOBAHOI AaHTEHH CTAHOBUTH 2,578%3,35%0,15 mm3. OmquHouHa
maTy-aHTeHa pe3oHye Ha dactoTi 27,0787 I'T'r 13 sHaueHHAM 3BopoTHUX BTpat (Si1), piBHNM — 28,1548 1b,
mpomyckHoio smarthictio 1,03 [T, smavennam mapamerpy VSWR, pisamm 1,081, miacmiaenasam 6,3 nb,
crpamMoBanicTio 6,7 1B, Ta edexTuBHicTIO BUMpOMIHIOBAHHS 92,64 %. 3ampoloHOBAHUNI MAacUB aHTeH 1X1
mparioe Ha acToTi 27,42 I'T'1r 1 mokpalilye XapakTeprCTUKYM PO3IJIAHYTOI OJMHOYHOI ITaT4Y-aHTeH!U HACTYII-
HAM ynHOM: S11 3MeHIIyeTbes A0 — 30 dB, migcumenua cknamae 7,3 nb, a cipsMosanicTs gopisaoe 7,8 nb.
Amnasioriumo, 3ampoIrlOHOBAHHWN MAacWUB aHTeH 2X2 ycmimHO mokpartye Su g0 — 31,7 nb, migcunenss 10
10,6 nb, mpomyckny 3gatHicTs 10 1,07 I'T'r 1 ciipamosasnicTs 1o 11,2 1B Ha pesonancHii yacrori 27,078 I'T'.
Koncrpyximii anTen, mpeacrasieHi B po00OTl, BUKOHAHI 3a JIOIIOMOTOK0 1HCTPYMEHTY MOJIEJTIOBAHHS BHCOKOYA-
croraux crpyrryp (HFSS). Kpim Toro, anrenwn, 3ampomoHoBaHi B po0oTi, afanToBaHl 0 Jlala3oHy 4acTOT
27,5 T'T'1r, a TakosK 3aCTOCOBYIOTHCS JI0 CUCTEMH MOOLIBHOTO 3B’s13Ky 5G.

Kmrouosi ciosa: 27,5 ['T, Murimerposa xBuits, JIpykosama anrena, Macus npykoBanux aures, 5G, HFSS.
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