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This article explores the development and fine-tuning of @ mm-wave MPA (microstrip patch antenna)
featuring silo slots. The starting design parameters are computed using established formulas relevant to
patch antenna construction. The antenna is simulated on a substrate with specific material properties, uti-
lizing Rogers 5058 substrate material characterized by a (&) of 2.2 and a tangent-loss of 0.0009. A compar-
ative analysis is conducted to showcase the simulated performance of the presented silo-antenna using
HFSS with its equivalent circuit model implemented in AWR. This involves meticulous adjustment of
components to achieve the desired characteristics. The article traces the evolutionary phases of the anten-
na's design, highlighting geometric modifications and alterations to the ground plane. Further, it elabo-
rates on the resonant frequencies of the antenna and offers a comparative assessment of the Si; parameter
between AWR and HFSS simulations, revealing strong agreement. The proposed antenna maintains an at-
tractive size of 14 mm x 12 mm and it operates at dual operating bands resonating at 28.1 GHz and
37.9 GHz. Variations in gain for different design iterations are scrutinized and finally the peak gains of
5.2 dBi and 6.5 dBi are attained for the suggested antenna at the operating frequencies of 28 and
37.9 GHz, respectively along with desired radiation patterns in E and H planes at distinct frequencies. The

suggested antenna is suitable for 5G applications supporting 28/38 GHz bands in mm-wave spectrum.
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1. INTRODUCTION

Presently, an escalating demand exists for novel mi-
crowave and millimeter-wave systems to tackle the bur-
geoning communication challenges related to scalability,
bandwidth, and amplification. Consequently, antennas
play a pivotal role in catering to the requirements of
satellite communication, spanning various frequency
bands for diverse satellite communication applications
[1]. 5G communication standards are swiftly becoming
pervasive and gaining ever more significance in our
everyday routines. This importance is set to further
escalate as an increasing number of devices and applica-
tions necessitate the high-quality signal transmission
capabilities offered by this network. Additionally, human
endeavors have spurred the proliferation of the IoE and
IoT across domains like education and entertainment
[2]. Researchers are continually striving to enhance
antenna gain. In the past few years, development of
technology has become extremely popular in both devel-
oped and developing countries [3]. In the last few dec-
ades, we've witnessed the communication standards,
including 1G, 2G, 3G, 4G, and the latest, 5G. The 5G of
cellular technology, known as 5G, delivers data transfer
speeds in the gigabit per second (Gbit/s) range, effective-
ly erasing the limitations of earlier technologies. Addi-
tionally, 5G also enables rapidly growing low-power IoT
applications, serving as primary frequency ranges for 5G
deployment, are anticipated to offer a favorable balance
between coverage and capacity, particularly within the
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N257 and N258 bands. The initial operating band of the
5G network is partitioned on sub bands FR1 and FR2.
The initial one comprises of several allocated frequencies
from 450 MHz to 6 GHz. The second encompasses as-
signed frequencies from 24.25 to 52.6 GHz [4-7]. Particu-
lar attention is paid to applications around 28 GHz, as
wider bandwidth is available in this frequency range [8].
Various techniques and methods have been described in
the literature to overcome these limitations while im-
proving antenna performance. Radiating element slots
[9, 10]. Additionally, DGS technology is used to increase
gain, especially in high-frequency applications, suppress
cross-polarization; expand frequency bandwidth [11].

This paper introduces the design, fine-tuning, and
performance evaluation of a dual-band silo slot
microstrip patch antenna specifically crafted for use in
5G wireless communication applications. This research
aims to leverage established antenna design principles
and simulation tools to provide an antenna solution that
not only meets the stringent requirements of 5G net-
works, but also offers the benefits of dual-band opera-
tion. Additionally, the equivalent circuit model is used
to fine-tune antenna characteristics to best match simu-
lated and actual performance.

2. MATERIALS AND METHODS

The silo-slotted MPA (microstrip patch antenna) is
presented in this section. The initial patch size and
width are computed using the well-known and exten-
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sively used fundamental formulae for patch antenna
construction, as described in [12]. In [13] for example,
small semi-circular protrusions are used to change the
geometry of an antenna's microstrip patch in order to
achieve the highest feasible gain. Figure 1 depicts the
final geometry with underlined dimensions from
Table 1. The antenna structure is built using circular
and rectangular slots. The silo-antenna proposed is
constructed on Roger 5058 substrate with a 0.38 mm
thickness, with (&) of 2.2 and 0.0009 tangent loss.
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Fig. 1 — Configuration of proposed 5G Silo-antenna

In regards to the silo-slotted microstrip patch an-
tenna, the top view configuration with three silos — two
with radius equal to 2 and the last one equal to r2— are
added in the patch antenna upstairs along with the
circular slots on the right and left in the center and a
rectangular slot close feed line as shown in Fig 1(a).
Additionally, Fig 1(b) shows the bottom view of a silo
microstrip-based antenna with a rectangular slit above
the ground plane.

Table 1 - Antenna dimensions

Parameters Dimensions (mm)
Ly 1.06
Ly, 1.06

m 1
) 0.2
Ly 14
Wos 12
Lgs 8.35
r 1.9
Whps 0.99
Vl/}"eed 0.9
Leceq 8.35
Whpa 0.9
Ly, 0.9

The suggested antenna has an overall dimension of
14 x 12 mm? and a 50 Ohm microstrip supplied line of
6.66 x 0.9 mm? that is well-matched for impedance. To
match the needed initial responses, the starting values
are optimized using the ANSYS HFSS program.

3. EQUIVALENT CITCUIT MODEL FOR THE
ANTENNA

In this section, we conduct a comparative analysis
between the simulated performance of the proposed
antenna using HFSS and the simulation of its equiva-
lent circuit model using AWR. The components have
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been fine-tuned to achieve the desired S11 characteris-
tics, as illustrated in Fig. 2.
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Fig. 2 — The equivalent circuit for proposed antenna at 28GHz
(a); the equivalent circuit for proposed antenna at 38GHz (b)

4. RESULTS AND DISCUSSION

Fig. 3 depicts the suggested antenna's evolutionary
stages. Fig. 4 displays the reflection coefficients ob-
tained at different design cases. Fig. 5 compares the
S11 parameters attained by HFSS and equivalent cir-
cuit model by AWR design tools. Fig. 6 presents the
variations in gain for the prescribed antenna. As shown
in Fig. 3(a), the initial design included a straight for-
ward microstrip patch as well as a feed line. In the
initial design step (First Design), the antenna reso-
nates at 29.1 GHz and 37.9 GHz, as illustrated in
Fig. 3 (initial design). In second design stage, antenna
resonates at 29.1 GHz and 37.7 GHz due to inclusion of
semi-circular slots at both sides of the patch. The
ground plane is slotted with a rectangular on top, as
demonstrated in Fig. 3 (second design). In third design,
a rectangular slot having larger area than previous
stage is perturbed into the ground plane and a stub is
added to the upper edge of the silos. There is an im-
provement in impedance matching at the higher band
due to suggested changes. changes to the right while
the lower band is shifted to 28.7 GHz. In Final design
of the process, the antenna undergoes additional modi-
fications where small stubs are added to both the right
and left sides of the rectangular slot as shown in Fig. 3.
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This alteration is made to achieve the specific fre-
quency bands of interest, as illustrated in Fig. 4. Final-
ly, the parameters ri, r2, r are fine-tuned to obtain the
desired resonating bands as illustrate in Fig. 4.

The S11 parameters obtained from simulation and
Equivalent circuit model (ECM) analysis for the sug-
gested antenna is demonstrated in Fig. 5. The Equiva-
lent circuit model result and Full wave simulation
results are in well agreement as displayed in Fig. 5. In
the higher operating band, the — 10 dB bandwidth by
(a) First design HFSS is slightly higher as compared to AWR results.
The proposed antenna shows dual operating bands
covering the bands 27.9 to 28.4 GHz and 37.2 to
38.5 GHz. The simulated gain plot of the proposed
antenna is presented in Fig. 6. It can be observed that
the maximum gains equaling 5.2 dBi and 6.5 dBi are
obtained at 28 and 38 GHz. Within operating bands.
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Fig. 5 — S11 parameter of the antenna from HFSS and ECM

(c) Third design 0 -
g 4
74
& 64 4
=
C 54
(g
[0
44
34
2
(d) Final design s = ¥ s ™
Fig. 3 — Variations of Top & Bottom views in the designed the Frequency (GHz)

third 5G antenna; (a) — first design, (b) — second design, (c) —

third design and (d) — Final design Fig. 6 — Gain of the designed antenna

-10 4
-':g 15 4 First Design
~ Second Design
— y y
— -20 4 Third Design
%2] Final Design
25
-30 4
-35 4

26 =28 30 32 34 36 38 40
Frequency (GHz) (a)

Fig. 4 — S11 for the Variations in design geometry

05029-3



H. HIDDAR, B. AGHOUTANE, T. ISLAM, ET AL

(d

Fig. 7- Radiation patterns (a) H-plane at 28.1 GHz (b) E-plane at
28.1 GHz (c) H-plane at 37.9 GHz (d) E-plane at 37.9 GHz
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JlBomiammasoHHa CHJIOCHO-NIIIJIMHHA aHTEHA 3 MOJEJLJII0 €eKBiBAJIEHTHOI CXeMH /I JOdATKiB
5G MM-XBHJIb
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V¥ craTTi posrismaeThes po3pobka Ta ToHKe HajamryBaHHs MPA (MIKpocMysKKOBOI HATY-aHTEHH) « -
MM-XBHUJIb, II0 Mae CHUJIOCHI IauHH. [louaTKOBI mapaMerpyu KOHCTPYKINI OOYMCIIIOITHCS 32 J[OIIOMOTOIO
BCTAHOBJIEHUX (POPMYJI, II0 CTOCYIOTHCA KOHCTPYKIII ITATY-aHTeHU. AHTeHA MOIEJIOEThCA Ha IIIIKJIAII 31
crreIupiYHNMY BJIACTHUBOCTIME MaTepiasly, BUKOPHUCTOBYIOUH MaTepias miakaagku Rogers 5058, saxuit xa-
pakrepuayerbes (&) 2,2 1 goruwunmmu Brpatamu 0,0009. [IpoBeneHo mopiBHANBHUN aHAII3, 100 IPOIEMOH-
CTPYBATH 3MOJIEJILOBAHY IIPOJYKTUBHICTH MIPEACTABJIEHOI CUJIOCHOI aHTeHU 3 BuKopucranHsMm HFSS 3 mo-
Iesutio 11 eKBiBaseHTHOI cxemu, peamisoBanoio B AWR. Ile mepenbauae peresbHe HaIAIITyBaHHA KOMIIOHE-
HTIB [JIf JOCATHEHHS Oa'KAHUX XAPAKTEPHUCTHUK. Y CTATTI MPOCTEKYIOTHCSA €BOJIIOIIAHI pasu KOHCTPYKII
aHTeHH, IMIKPeC/IIOITHLCA TeOMeTPUYHI Moaudikallii Ta 3MIHM IUIONIMHU 3a3eMJIeHHs. Kpim Toro, y HboMy
JIOKJIA/THO POSTJISAAI0THCS PE30HAHCHI YaCTOTH aHTEHM Ta IIPOIOHYEThCS IIOPIBHSIIBHA OI[IHKA IIapameTrpa
S11 mik cumyssimisvmu AWR ta HFSS, BusiBiisiioun cuiibHe y3rosreHHs. 3aIpolloOHOBaHA aHTEHA Ma€ IIPH-
BabauBHi po3mip 14 MM x 12 MM 1 mpaiffoe B IMOABIHHUX poOOUYMX [Jialla30HAaX, 1[0 PE30HYIOTH HA YaCTOTax
28,1 ta 37,9 I'T'. Bapiarii migcuieHHS 1A Pi3HUX MPOEKTHUX ITepalliii peTeJIbHO BUBYAIOTHCH, 1, HAPEIIITI,
JIOCATA0ThCs MKOBI mmijicriieHHas 5,2 ta 6,5 abi s 3amporroHoBaHOI aHTeHHW Ha poboumx dacToTax 28 ta
37,9 I'T'r BigmoBiTHO pas3oM 13 JiarpamMaMu CIPAMOBAHOCTI B IwiommHax F ta H Ha pisHUX yacrorax. AHTeHA
MAXoaUTE A1 JoaaTtkiB 5G, mio miarpumyiors gianazonu 28/38 I'T y MisiMeTpoBOMY CIIEKTpI.

Kirouori ciiora: Aurena, /Isomianasonna, Exsisanenrna cxema, ITincumenns, Mimimerposuii mianasos, 5G.
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