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This article covers a wideband coplanar rectangular patch antenna for 5G and wireless communication
applications below 6 GHz. The proposed antenna design comprises of a rectangular CPW fed patch with a
partial ground plane loaded with stair-case shaped slots. The simulated results demonstrate that the studied
antenna has working band that ranges from 3 GHz to 6 GHz with |S1i| < 10 dB, covering the whole
N77/N78/N79 band for 5G sub-6 GHz as well as several modern wireless communication systems including
WiMAX, WLAN and long-term evolution (LTE). In addition, the various procedures can be utilized to design
and match this antenna for additional frequency bands. The examined antenna displays steady bidirectional
radiation patterns, high gain, and efficiency. The projected structure has an overall size of 31.84 x 26.06 mm?
and it is designed with a cheap FR4 type substrate of 4.4 relative dielectric constant. The suggested antenna
has a miniaturized dimensions and good electrical performances. The proposed antenna is developed and
simulated using Computer Simulation Advanced Design System (ADS). It is of potential interests because of
its symmetrical radiation behavior, tiny footprint, and planar form. The investigated antenna may be a
prospective choice for usage in 5G for sub 6 GHz bands and current wireless communication systems due to its
superior performance parameters.
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1. INTRODUCTION

Wireless communication systems have developed
considerably over the last two decades. These systems
are evolving at the same pace as the technological
advances achieved in all sectors and are expected to
continue to grow in the coming years [1, 2]. The
enormous progress of wireless communication
techniques leads to the requirements of advanced
antenna designs as a part of systems. Antenna
downsizing is crucial for the best design of integrated
systems for mobile and wireless communication since it
is a crucial component in this sort of communication [3].
The planned antenna must have numerous resonant
techniques to cover the entire 5G spectrum below 6
GHz in order to provide the quickest 5G services.
Therefore, an antenna with broadband operation with
complete coverage of entire performance 5G bands
below 6 GHz as well as other application bands is
therefore extremely desirable. A preferred 5G antenna
should be small, efficient and compatible with wireless
technology. In this prospect, a low-profile planar
antenna is highly recommended for straightforward
integration into wireless devices. A planar antenna for
5G applications has already been designed using a
variety of approaches and technologies [4-6]. Due of its
benefits, the coplanar patch antenna is one of the most
used antenna shapes in wireless communication
systems due to its cheap cost and easiness in
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integration. To overcome several intrinsic limitations of
this type of antenna (such as: limited bandwidth, low gain
and degradation of radiation efficiency at high
frequencies), a new technique, based on the photonic
bandgap concept, can be wused. Photonic bandgap
materials, also known as electromagnetic bandgap
materials (EBG), have attracted a lot of interest since
their creation by Professor Eli Yablonovitch, at the end of
the eighties. He introduced a band gap to control the
stimulated and spontaneous emission of light [7]. These
materials have interesting physical properties (in terms of
propagation) for electromagnetic waves in both the optical
and microwave fields, but more particularly in the fields
of antenna [8-14]. There have already been several
different antennas suggested for use in 5G communication
applications. For example, in ref. [15] the authors have
explored a planar antenna for a 5G mobile terminal
operating at less than 6 GHz. Impedance bandwidths at a
reference level of — 6 dB from 0.7-0.96 GHz and 1.6-5.5
GHz are reported but it requires an extensive ground
plane of 135 x 80 mm?2. For the medium bands LTE-R and
5G, an ellipse-shaped patch antenna has been presented
in [2]. The planned antenna's total size of 180 x 60 mm?2
allowed it to function in two distinct bands from 0.66 to
0.79 GHz and 3.28 to 3.78 GHz. For 5G communication
applications, [16] presents a dual-polarized
magnetoelectric dipole antenna. It has four horizontal
fishtail patches, four vertical patches, and four horizontal
patches. The antenna reports an overall dimension of
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150 x 150 mm?2, covering a frequency range of 3.05 to
4.42 GHz. But the N79 band is not covered (4.4-5.0
GHz). Furthermore, the 3D profile of the device
restricts its use in portable communication devices [17-
19]. This work presents the design and studies of a
coplanar rectangular patch antenna with staircase
shaped partial ground structure. It prescribed design is
intended for sub-6GHz 5G band and other wireless
applications such as Wi-MAX, and WLAN.

2. RECTANGULAR PATCH ANTENNA DESIGN

The starting point of this study begins with the
design of a rectangular patch antenna in narrow band
microstrip technology that resonates at around
3.5 GHz. In this part, we will deal with the different
design steps followed for the validation of the basic
element which is mounted on a cheap FR4-style
substrate with a 4.4 relative dielectric constant, 0.025
tangential losses, and 1.6 mm in thickness. To
determine the dimensions of the rectangular patch
antenna (Figure 1) that meets the chosen specifications,
we have based on the analytical equations that model
the rectangular patch antenna and this has allowed us
to have the following dimensions, length: L =19.4 mm
and width: W= 26.06 mm.

19.4

=~
~

0.68 W

Fig. 1 — Final dimensions of the patch element

Once the dimensions of the patch antenna are
determined, the simulation studies have been launched
on the ADS software "Advanced Design System". The
simulation of this antenna allowed to determine the
design of the quarter-wave transformer allowing to
adapt the antenna to its operating frequency. Using
Linecalc which is a calculation software integrated in
ADS and which allows to link the physical dimensions
to the electrical dimensions (the electrical length and
the input impedance). The dimensions quarter-wave
feeder of the patch antenna is calculated after tuning of
the antenna’s length to center the frequency at around
3.5 GHz. The basic patch is appropriate for 3.5 GHz
resonance frequency with a reflection coefficient below
—10dB and a bandwidth equal to 71 MHz which is a
very narrow band as shown in Fig. 2.

3. DESIGN OF THE WIDE BAND (WB) PATCH
ANTENNA IN COPLANAR TECHNOLOGY
FOR 5G

In this section, we discuss the suggested
modifications in the geometry of the patch in order to
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convert it into wideband antenna to meets the
requirements of sub 6 GHz bands for 5 G applications.
After the validation of the basic radiating element which
has a narrow bandwidth, the objective now is to keep
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Fig. 2 — Reflection coefficient versus frequency

the same dimensions of the basic antenna and to switch to
the coplanar technology which has the particular features
of simple geometry, compact size and it makes the
antenna easy to integrate with other electronic
components. To increase the bandwidth, we worked on the
optimization of the ground plane in the form of a staircase
which is a technique. After a parametric study on the
shape, the dimensions of the step graded slots in the
partial ground plane are finalized. The modified shape of
the suggested ground plane is depicted in Fig. 3. Table 1
illustrates the dimensions of prescribed ground plane
geometry.

Wi
L1

Fig. 3 — The proposed ULB antenna structure

Table 1 — Geometrical parameters of ground plane

Parameters Unit (mm)
L1 13.09
Wi 4.69
Lo 6.94
We 3.64
L3 1.94
Ws 3.1
Ly 4.26
Gap 0.15

The reflection coefficients (S11) are investigated for
different geometries of the antenna ground plane as
shown in Fig. 4. The designed antenna has a wide
bandwidth (WB) of 3 GHz at — 10 dB reference Si: level
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for the case of suggested ground structure. The 3D

radiation pattern is shown in Fig. 5. It shows
bidirectional shape.
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Fig. 4 — S11 parameter vs frequency response

Fig. 5 — 3D radiation pattern
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Koucrpyknia UWB konnanapuoi aHTeHH 31 CTYIIiHYIaCTOO IJIOMIUHOK 3a3eMjieHHA nyida 5G i
Cy4acHUX H0JaTKiB 0€3JPOTOBOrO 3B’IA3KY
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VY wit craTTl posrysigaeThCs MIMPOKOCMYTOBa KOMILIAHAPHA IPSMOKYTHA mard-aHreHa Uit 5G 1 mporpam
6eanporoBoro 3B’s13ky Hmkde 6 [T, 3anponoHoBaHa KOHCTPYKINS AHTEHU CKJIANAETHCS 3 IPSIMOKYTHOTO IIaTda
3 skupiaeHHAM CPW 3 4acTKOBOI IJIONIMHOI 3a3eMJICHHS, 3aBAHTAMKEHOI0 IIpopidaMu y ¢OpMi CXOIB.
3Mo/IeIb0BaH] PEe3yJIbTATH JeMOHCTPYIOTH, II0 JOCTIIKyBaHA aHTeHa Mae poOOUMi Jialmas3oH y Jiamma3oHi Big 3
I'T mo 6 I'T'ig i3 | S11| < 10 gb, mo oxommoe Bech mianazod N77/N78/N79 nna 5G muskue 6 I'T, a Takomx
KiJbKA CyJYacHUX CHCTeM 0e3apoToBoro 3B’sa3Ky, BKmouaoun WiMAX, WLAN i gosrocrpoxosy esosoriiio (LTE).
Kpim Toro, pisui mpoieaypu MOMYTh OyTH BUKOPHUCTAHI JJIs PO3POOKM Ta Y3TOJKeHHS Il aHTeHU IS
OTATKOBUX Jiama3oHiB dacTor. JlocmimxyBama aHTeHa Mae CTIAKY JBOHAMPABJIEHY CIPSIMOBAHICTH
BUIIPOMIHIOBAHHS, BUCOKE ITOCUJIEHHs Ta epekTUBHICTh. [IpoekToBaHa cTpyKTypa Mae 3arajgbHu poamip 31,84
x 26,06 MM2 1 po3pobiieHa 3 JereBoo miarIaaKko0 Tuiry FR4 3 BIZHOCHOMO JTIeJIEKTPUYHOIO ITPOHUKHICTIO 4,4.
3ampomnoHoBaHa aHTEHA Mae MIHIATIOPHI PO3MIpK TA XOPOII eJIEKTPUYHI XapaKTePHCTUKH. 3AlPOIOHOBAHA
aHTeHa Po3po0JieHa TAa 3MOJEJIbOBAHA 34 JOIIOMOTOI0 CHCTEMHM BIOCKOHAJIEHOTO IIPOEKTYBAHHS KOMII I0TE€ PHOTO
momemioBauus (ADS). Bim mpencrasise mOTeHIINHHUN iHTepec depe3 MO0 CHMETPHUYHY IIOBEIIHKY
BUIIPOMIHIOBAHHS, KPUXITHUN ciain 1 1mwrocky dopmy. JocmimkryBaHa aHTeHa MoOske OyTH II€PCIIEKTHBHUM
BuOOpoM uist Bukopucrauus B 5G mysa miamasonis mmskue 6 I'Tir i cyuacHux crucreMax 6e3IpoTOBOTO 3B'S3KY
4Jepea Ii 4yI0B1 IapaMeTpy IIPOYyKTHBHOCTI.

Kmiouosi ciosa: Mikpocmyrosa anterna, CPW, Hasemua mmomuua, Texuosorii 5G, Ilupokocmyrosumi
3B’30K, BeagpoToBi mporpamu.
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