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The emergence of 5G technology is expected to significantly impact high-bandwidth wireless applications,
making efficient antenna designs essential. This research paper presents an equivalent circuit for a square-
slotted patch antenna design for 5G cellular applications. Indeed, the equivalent circuit for an antenna can be
represented by a simple circuit model, such as a resonant LC circuit or a transmission line model. These
models can be used to determine the resonance frequency, bandwidth, and radiation pattern of the antenna.
Matching networks can also be designed using the equivalent circuit to match the antenna and receiver
impedances. This analysis of the antenna can offer valuable insights into its behavior, serving as a foundation
for a more extensive investigation. The antenna has been designed and simulated on an FR4 substrate
featuring a relative permittivity & of 4.3, and it is sized at 4.5 x 5.2 x 0.3 mm3. In the proposed design, a 50Q
microstrip line feeds a square-slotted radiating patch, and power dividers join the two elements. As part of 5G
technology, it is crucial to achieve high bandwidth with reduced losses and improved gains. This study
employs AWR and HFSS to simulate and design the square-slotted microstrip patch antenna, and in terms of
gain and S, the results are compared. The proposed design has the potential to contribute to the
development of high-performance 5G antenna systems.
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1. INTRODUCTION

Wireless communication's growing relevance has
fueled the study and development of microstrip patch
antenna (MPA) topologies, ranging from miniaturized
circuits to antenna arrays. Over the past few years, the
field of wireless communication has seen several
generations of technological advancements, from the
first-generation (1G) analogue voice-only mobile system
to the more recent from 1G to 5G [1]. As previously
described, each of these generations use techniques
such as cellular frequency reuse, packet switching,
modulation, and so on. [2-3].

The microstrip patch antenna is widely recognized
type of microstrip antenna, favored for its low cost,
small size, lightweight, and ease of fabrication.
However, the traditional microstrip patch antenna has
very limited bandwidth and low gain, leading to a
growing demand for small-sized antennas for various
mobile and other applications. As a result, numerous
bandwidth enhancement or broadband techniques for
microstrip antennas have been recently reported [4, 5].
Researchers have also contributed to the design of 5G
antennas, as described in previous works [6-8]. This
study focuses on designing a microstrip antenna array
that single or multiple feed lines can support. The
proposed antenna can be implemented using low-cost
FR4 substrate while maintaining acceptable and good
performance in terms of gain and efficiency.

This paper's significant aim is to provide a similar
circuit design for a 5G antenna. To achieve this goal,
we designed the antenna using HFSS and simulated
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the proposed technique using AWR. In low-frequency
circuits, resonant circuits are commonly used to
provide a selective frequency, and the resonant
frequency depends on the values of the impedances in
the circuit. Similarly, this work uses resonant circuits
based on microstrip lines to generate a high frequency
that meets the requirements for 5G applications. These
circuits consist of passive components and are
equivalent to an oscillating circuit. The proposed
antenna is designed and simulated using AWR and
HFSS, and the results obtained from both software
tools are compared in terms of S11.

2. ANNTENNA CONFIGURATION
2.1 The Proposed Model

The rectangular monopole antenna is considered
the most exact geometrical shape for a printed
radiating element, which can be modelled as an
artificial magnetic conductor (AMC) [9]. In order to
simplify the lens model curve without compromising
antenna performance and lowering the profile, a
proposed antenna based on microstrip technology is
presented in [10]. The antenna is built on a small FR4
substrate with a low relative permittivity (&) of 4.3, a
thickness of 0.3 mm, having dimensions
4.6x5.2x0.3mm? and a tangent loss of 0.0025. A
50 Ohm proximity-feed microstrip line is utilized for
powering the patch [4]. The equation that determines
the patch's length and width [11] is utilized as the
design method.

The results were presented at the 3 International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2023)
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Equation (1) can be used to calculate the length (L)
and width (W) of the slotted patch antenna, where c
represents the speed of light and denotes the resonant
frequency. Fig. 1 illustrates the suggested antenna
geometry for 5G wireless mobile communications. The
top view modifications are presented in Fig. 2, while
Table 1 delineates the specifications of the dimensions
pertaining to the slotted patch antenna.
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Fig. 1 — The 5G antenna geometry
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Fig. 2 — Variations of Top view for antenna geometry: (a) First
design (step 1), (b) Second design (step 2), (c) Final design
(step 3).

Table 1 — Parameters of the antenna (in mm)

Parameters Values
Wp 2.362
Ly 2.362
Wy 0.51
Ls 1.21
Wsub 4.6
Lsub 5.2
Ls 0.3
Lfeed 1
ered 0.955
F; 0.8
g 0.3

To optimize the antenna's performance, a 50 Q
microstrip feed line is used with a width of
Wieea = 0.955 mm and a length of Lfed =1 mm. The
dimensions F; x g =0.8 x 0.3 mm2, with F; and g being
0.8 mm and 0.3 mm respectively, were chosen to
achieve the most favorable resonant frequency and
return loss level.

2.2 Equivalent Circuit

The suggested antenna is made up of two
identically sized single components. An analogous
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lumped-element circuit model may be used to
characterize the antenna impedances. Each antenna
component, such as resistors, inductors, and
capacitances, may be represented as a group of lumped
elements. As a result, equivalent circuit models with
similar schematics, components, and values can be
created. Fig. 4 depicts the proposed first 5G antenna
corresponding lumped-element circuit model.
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Fig. 3 — Su: for the design I, IT and final design antenna (a);
VSWR for the design I, IT and final design antenna (b)
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Fig. 4 — Equivalent circuit for the proposed antenna

The initial stage in constructing the first antenna's
schematic is to represent only one single element with
lumped components. The feed line of a single-element
antenna is divided into two sections of varying widths.
Each part can be represented by a parallel arrangement
of resistor R1 describe the radiation resistance and a
capacitor Ci show the coupling effect of both parts, as
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illustrated in Fig. 1. There is a slot in the microstrip
patch close up to the microstrip feed line, which is shown
by TLs in the schematic and added the patch's coupling
effect with the ground plane. Rz, Li, C: and 7TLs
represent the resistance and inductance of the patch's
capacitor and transmission line. And Table 2 displays
the optimized value for the first antenna.

Table 2 — The values of the antenna that have been optimized
are shown below.

Parameters Values
TL1(Zo) 3.65 Q
R 36.2 Q
Re 36.2 Q
Rs 36.2 Q
TLs(Zo) 40.7Q
TL2(Zo) 156.7 Q
C1 2.192 pF
Cs 2.192 pF
Cs 2.192 pF
L1 1 nH

3. RESULTS AND DISCUSSION

Simulation is an essential part of the design and
optimization of 5G antennas. Infact, simulating a 5G
antenna involves defining the antenna geometry,
choosing a simulation software, creating a simulation
model, defining simulation parameters, running the
simulation, optimizing the design, and verifying the
simulation. This section examines the impact on
performance of a monopole antenna through an
assessment of the design procedures. The optimal values
for these instances' characteristics are critical for
impedance matching and monopole antenna behavior.
The following figures illustrate the VSWR, return loss
and 3D polar plot, E-plane and H-plane, obtained using
HFSS and using lumped port configuration.
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Fig. 5 — The simulated S11 response of the suggested antenna,
along with its schematic, is presented below.

The simulated S11 of the model is shown in Figure
5. A comparison between the Si1 values obtained from
AWR and HFSS indicate that the Si1 values below
—10dB are achieved. This result suggests that the
AWR findings correspond well with those obtained
from the full-wave analysis. It is important to note that
due to the symmetry of the antenna and model, the S1:
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values obtained from HFSS and AWR are identical
within the operating frequency range.

The S11 values are acquired as the antenna's return
loss, with a value of — 10 dB regarded as excellent for
mobile communication. Fig. 3 (a) illustrates the
simulated reflection coefficient Si1 for the top view
variations in the first microstrip patch antenna.

To achieve an optimal match for different via
designs, slight adjustments are made to the slot
positions. As depicted in Fig. 5 (a), the simulated 10 dB
return loss bandwidth ranges from (29.52-30.60 GHz)
to (29.75-30.30 GHz) when transitioning from case I to
the final case. The VSWR plot of the first design patch
antenna 1is illustrated in Fig. 3. For most wireless
applications, the acceptable level of VSWR should not
exceed 2.5 dB, and ideally, it should be 1 dB. Fig. 3 (b)
demonstrates that the VSWR value attained at the
resonant frequency of 29.8 GHz for the first design
patch antenna is 0.98 dB.

Fig. 6 (a) displays the patch antenna's radiation
pattern and gain, which are approximately 7.8 dBi, are
quite similar. Fig. 6 (b) illustrates the simulated
radiation patterns at the operational frequency for the
proposed antenna. At a 30 ° angle in the E plane, the
highest radiation is detected, whereas the primary beam
in the H plane is oriented towards — 30 °.Overall, the
proposed antenna performs well in both simulations.
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Fig. 6 — Gain 3D for the first design antenna (a), E-plane (red
curve) & H-plane (green curve) of the antenna input
impedance (b)
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1, step-2 and final design antenna (b)
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VY craTTi IIpecTaBIeHO eKBIBAJIEHTHY CXeMY JJIS KOHCTPYKIII HaTY-aHTeHU 3 KBaJAPATHUMH IIIJIMHAMA
st MoOuThHUX gomaTkiB 5G. ExBiBasenTHa cxema [JIsi aHTeHM MOKe OyTM BUKOHAHA y BUTJIIL

pesonancHoro LC-mammora abo Mopemi JiHil Iepemadi.

IIi momem MoOKHA BHUKOPUCTOBYBATH [IJIsT

BU3HAYEHHS PE30HAHCHOI YaCTOTH, CMYyTH IIPOMYCKAHHS Ta JlarpaMu CIIPsSIMOBAHOCTI aHTeHu. Mepesxi
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V3TOJPKEHHSI TAaKOK MOKYTb OyTH pO3po0JIeHI 3a J[OIOMOIOK EKBIBAJIEHTHOI CXeMH IS Y3TOKEeHHS
iMITeTaHCIB aHTeHW Ta mpuiiMada. lleil aHasia aHTeHHM MOKe 3AIIPOIOHYBATH IIIHHY 1HQOpPMAIi IMIpo il
MOBEIIHKY, CJIYKA4YW OCHOBOI JJIs OLIBII PEeTEeJIbHOr0 MJOC/HiKeHHd. AHTeHa Oyiia pospobiieHa Ta
amonesboBaHa Ha mmigkiaamii FR4, mo mae BIIHOCHY [TieJIEKTPUYHY MIPOHUKHICTH & 4,3, 1 Mae po3Mip
4,5 x 5,2 x 0,3 Mmm3. ¥V 3aIIpomoHOBAHIN KOHCTPYKINI MIKPOCMYSKKOBA JIiHIA 500 sKUBUTH BUIIPOMIHIOBAJILHY
MIAHKY 3 KBAJPATHUMHU IIJIMHAMH, 4 JUJIbHUKHA IIOTYKHOCTI 3'€JHYIOThL OBA €JIEMEHTH. Y paMKax
texuosorii 5G Bkpail BaKJINBO JOCAITA BHCOKOI IIPOILYCKHOI 31aTHOCTI 31 3MeHIIeHMMHU BTpaTaMH Ta
MIOKPAILIEHUMH IIPUPOCTaMU. Y IIbOMY JocaimKkeHH] BukopucToByioTbess AWR 1 HFSS s mopemoBanna ta
[IPOEKTYBAHHS MIKPOCMY?KKOBOI AHTEHU 3 KBAJPATHUMU IJIMHAMU, 4 Pe3yJIbTaTU IIOPIBHIOITHECS 3 TOYKH
3opy mocmyieHHs Ta S11. 3amporoHoBaHA KOHCTPYKINS MOXKE JOIOMOITH B PO3POOIN BHCOKOE(EKTUBHUX
auTeHHUX cucTeM 5G.

Knrouogi ciosa: 3acrocyuru 5G, Exsisanentra cxema, [lincunenns, [Iponyckna snaTHICTS.
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