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Compact Circular Ring Antenna for 5G Mobile Communication Applications
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This paper presents another alternative design of monopole microstrip patch antenna for millimeter wave
(MMW) short range wireless communications applications. The purpose of this paper is to discuss a new design
of antenna that operates in the MMW frequency range at 60 GHz. The design is based on single element with
full size of 9 x 11 mm? that contains two elliptical loops monopole antenna and a line feed of 50 ohm on the top
layer of substate with a partial ground plane on the opposite side. Microstrip-patch antenna has been designed
and implemented for 5G wireless communication technology at 60 GHz with low-cost and small size substrate
that makes it suitable for small devices. In the proposed design, the used substrate material is Roger RT6035htc
lossy with relative dielectric 3.5 and loss tangent 0.0013 with partial ground plane to improve the impedance
characteristics. The designed antenna provides a uniform current distribution over the surface of antenna at the
resonance frequency with an acceptable realized gain of 4.8 dBi in the far-zone with a return loss reaches up to
— 33 dB. The simulation results are carried out using high frequency structure simulator (HFSS), FEM is based
on full 3D wave electromagnetic solver simulator from Analysis and the obtained results confirm the suitability
of the proposed MMW antenna to be a good candidate for 5G applications.
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1. INTRODUCTION

To adapt the fast development in wireless mobile
communication field, monopole antennas such as circu-
lar, square, triangular, rectangular, and rhombic are
designed to improve and enhance the performance to
reach the best radiation and gain characteristics and
they are usually used as linearly polarized antennas
[1]. There are several designs have been implemented
at MM-wave applications, such as aperture-coupled
patch antenna, slot patch antennas, multilayer anten-
na, multiple feed points, helical antenna and patch
antenna incorporating an air cavity [2-4].

Nowadays, the millimeter wave radio frequency
can provide the basic ground for the new generation
(5G). It has operating frequencies spectrum ranges
starting from 3 GHz up to 300 GHz to fulfill the needs
of the new generation requirements. The frequency
spectrum of 5G application is from 20 GHz up to
90 GHz [2]. The frequencies of 5G antennas are de-
signed at 28 GHz, 38 GHz, and 60 GHz. The antennas
of 5G applications have a bandwidth of 500 MHz,
1 GHz, and 2 GHz. Hence, they are all suitable and
compatible for high data rate and low latency systems
[3]. Also, all antennas are preferred to be directional.
In addition, they are sensitive to obstacles due to the
narrow of the beam width [4]. Now, many substrates
are available, and their dielectric constants are always
working below 10 GHz except Rogers substrate, which
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makes it suitable for ultrahigh frequencies because of
low dielectric loss and low dispersion [5, 6].

This paper presents a dual circular rings monopole
antenna which is implemented in MM-wave applica-
tions with a centered frequency at 60 GHz and this
makes it suitable for small devices. The used substrate
material is Roger RT6035htc lossy with relative dielec-
tric 3.5 and loss tangent 0.0013.

The remaining sections of this paper are organized
as follows: Section two describes the design of antenna
parameters. The geometry and simulation results of
the proposed antenna design are discussed in section
three. The last section concludes the paper and high-
lights the performance features of the achieved design.

2. ANTENNA DESIGN

In recent years, it has been founded that monopole
antennas are lightweight, low profile, and easy to be
integrated with MMICs [7, 8]. Omnidirectional anten-
nas are widely used in wireless communications sys-
tem and very desirable for 60 GHz antennas and they
have been proposed for MMW applications [9]. These
designs are either implemented in multilayer, LTCC
technology or fused silica substrate [10]; some of these
are not suitable for the high-volume consumer elec-
tronic market. Using the MMW antenna this problem
can be mitigated while allowing for reduction in inter-
ference from multipath reflections.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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Fig. 1 — Single element patch antenna

2.1 Circular-ring Antenna Design

In 5G Mobile communication's applications, the op-
erated frequency works at frequency range of 60 GHz
and monopole antenna in this paper is designed to
work at the same frequency. Fig. 1 illustrates the di-
mensions of substrate width Wg,;, =9 mm, length
Lsyp = 10 mm and thickness 0.25 mm with Rogers 6035
material having dielectric constant of 2.2 mm, loss
tangent of 0.0013 and relative permittivity 3.5. The
patch dimensions are line feed Ly = 2.07 44, with two
circular rings of radii Q1 = 0.48 1, and Q2= 0.4 A,
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The partial ground plane of dimensions
W; = 3.4 mm and Ly = 3.5 mm. In that design the par-
tial ground plane is used to enhance the impedance
characteristics by obtaining a deeper return loss at the
resonance frequency and this is evident by the achieved
results of Fig. 2.
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Fig. 2 — Su1 of a circular ring monopole antenna

3. SIMULATION AND RESULTS

This section presents simulation results such as re-
turn loss, current distribution, radiation pattern and
gain of the monopole of 5G monopole antenna at
60 GHz. We start by studying the performance of the

proposed monopole antenna shown in Fig. 1. It is evi-
dent from Fig. 2 that the return loss is — 33 dB at the
resonance frequency of 60 GHz. The patch and the
ground plane led the proposed single antenna to have a
wider bandwidth than the one achieved in [1] by an
increase in 5.24 % in the same band.

For further explanation of the performance of mon-
opole antenna, Fig. 3 shows the simulated surface cur-
rent distribution for the proposed antenna design
which is implemented at 60 GHz [11]. The current
distribution is mainly concentrated in the feed line and
adjacent to both elliptic parasitic strips beside the feed
line. The current is primarily distributed underneath
the feed line.
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Fig. 3 — Current distribution of 5G monopole antenna at 60 GHz

Fig. 4 and Fig. 5 show the radiation characteristics
of the dual rings patch antenna for 5G operation. The
2D and 3D radiation patterns are carried out at a fre-
quency of 60 GHz. Fig. 4 claims that the antenna has a
nearly omnidirectional normalized radiation pattern,
and it achieves a high realized gain of 4.8 dBi as shown
in Fig. 5. It is worth noting that the obtained peak
realized gain from this design is 4.8 dBi confirming the
suitability of the proposed design for 5G applications.
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Fig. 4 — Normalized E-field radiation pattern of 5G monopole
antenna at 60 GHz: (a) x-y plane (E), (b) y-z plane (H), and (c)
x-z plane
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Fig. 5 — Realized gain of 5G monopole antenna at 60 GHz

4. CONCLUSIONS

This paper presents the 5G mobile application by
implementing single element of monopole microstrip
patch antenna which produce acceptable results at
60GHz. The gain performance has reached 4.8 dBi with
uniform current distribution. The impedance and radi-
ation characteristics explained that the proposed mon-
opole antenna allows a high data transmission rate for
5G mobile applications. The proposed antenna achieved
the requirements of MMW to operate at the 60 GHz
band, in addition to its simple design and easy to be
fabricated with a low cost. The achieved results of the
proposed antennas made it highly desirable for MMW
applications and 5G technology systems and this model
is suitable for 5G mobile applications with high per-
formance and low cost of fabrication.
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¥ pobori mpencraBiieHa agbTePHATHBHA KOHCTPYKIIS HECHMETPUYHOI MIKPOCMYTOBOI IIATY-aHTEHU JJISI
3acTocyBaHb 6e3qpoToBOro 3B'A3Ky y MirimerpoBomy (MMW) miamasowni. Merowo po6oTu € 06roBOpeHHs HOBOI
KOHCTPYKINI auTeHu, sxa mpairoe y MMW miamasoni Ha vacrori 60 I'T'. Komerpykitis sacHoBama Ha 0HO-
My eJIEMEHTI 13 3araJbHuM po3mipoM 9 x 11 Mm2, SKHUM MICTUTH Bl €JIIIITUYHI TIeTJIl HECUMETPUYHOI aHTeH!
Ta JiHio mogadi 3 omopoM 50 OM Ha BepXHIl mIap MIKJIAIKNA 3 YACTKOBUM 3a3€MJIIOBAYEM Ha IIPOTHJICIKHIN
cTopoHi. MikpocMyroBa mmaT4-aHTeHA Po3pobiieHa Ta BIPOBAKEHA JIJIA TeXHOJIOTII 6e31poToBoro 3B'a3Ky 5G
Ha gactoti 60 I'T'r 3 Hemoporomo Ta Mason 3a PO3MIPOM ITIIKJIAIKOI0, III0 POOUTH i IPUAATHOIO JJIS HEeBEJIH-
KHUX TPUCTPOIB. Y 3ampOIIOHOBAHIN KOHCTPYKITI BUKOpUcTaHo MaTepiai miaraaaxku Roger RT6035htc 3 Bim-
HOCHOIO JTIeJIEKTPUYHOI MPOHUKHICTIO 3,5 Ta TaHreHcoMm kyta BTpar 0,0013 1 wacTKOBHUI 3a3eMJIIIOBAY TSI
THOJIIIIIEHHs IMIleqaHcHUX xapakrepuctuk. CrpoeKkToBaHa aHTeHA 3abesmedvye PIBHOMIPHUN POIIIOILIT
CTPYyMy IO TOBEPXHI aHTEHH HA PE30HAHCHIN YACTOTI 3 MPUHHATHUM pPeasi30BaHUM KOe(II[iEHTOM IIiJICH-
nenns 4,8 nbi B masexii 30H1 Ta 31 3BOPOTHUME BTpATaMu, 10 csiraioth — 33 1b. Peayibpratu momemoBanast
OTPUMYIOTH 3 BUKOPUCTAHHAM CUMYJIATOPY BucokouyacToTHUX cTpykTyp (HFSS), a FEM 6asyerncs aa 3D mo-
BHOXBHJIBOBOMY €JIEKTPOMATHITHOMY cuMmyJisitopi Ansys. OTprmani pe3ysbraTd MiATBEPIKYIOTH IPHIAT-
HicTh 3ampononoBanol MMW anTeHM K MPUAHATHOIO KaHIUAATA IJIS J01aTKIB 5G.

Kmiouosi cmosa: MMW, Hecumerpuuna antena, MoGiibuuit momatox 5G, 60 [T, Kinbmesa amrena,
Cumynarop sucoxouacrorHux crpykryp (HFSS).
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