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Abstract  Microstrip antennas are high gain aerials for low-
profile wireless applications working with frequencies over 100
MHz. This paper presents a study and design of a low cost
slotted-type microstrip patch antenna that can be used in 5G
millimeter wave applications. This research focuses on the effect
of ground slots and patch slots which, in turn, affect different
antenna parameters, such as return loss, VSWR, gain, radi-
ation pattern, and axial ratio. The working frequency range
varies from 24 to 28 GHz, thus falling within 5G specifications.
A subset of artificial intelligence (AI) known as particle swarm
optimization (PSO) is used to approximatively solve issues in-
volving maximization and minimization of numerical values,
being highly challenging or even impossible to solve in a pre-
cise manner. Here, we have designed and analyzed a low-profile
printed microstrip antenna for 5G applications using the AI-
based PSO approach. The novelty of the research is mainly in the
design approach, compactness of size and antenna applicabili-
ty. The antenna was simulated with the use of HFSS simulation
software.

Keywords  5G applications, high gain, low profile, microstrip
patch antenna, PSO

1. Introduction

A low-profile micro strip or patch antenna (MPA) is creat-
ed by mounting a metal patch plane over the ground level
with a dielectric separator between them. Typically, the feed
lines and the radiating patch are manufactured of a dielectric
substrate using the PCB process. The patch is often square,
rectangular, circular, triangular, or elliptical in shape to meet
performance-related requirements. For a rectangular patch,
length L of the patch is usually in the 0.33λ0 . . . 0.5λ0 range,
where λ0 represents the free-space wavelength. The patch
must be very thin, hence the thickness of the copper foil
used is less than λ0. The dielectric substrate’s height is in
the 0.003λ0 . . . 0.05λ0 range, while the dielectric constant
ranges between 2.2 and 12.
Due to their small size and low profile, microstrip patch an-
tennas have become increasingly popular in smartphones and
other consumer electronics devices relying on wireless com-

munications. The benefits of microstrip patch antennas are
in their compact size, simple manufacturing methods, low
weight, and easy design. This has led to the replacement of
traditional antennas used in mobile devices [1]. Selection of
the substrate and determination of the patch proportions de-
pend on the operating frequency and on the specification of
the dielectric material used. Significant parameters, such as
length and width of the patch and substrate, as well as the
location and length of the feed network can be estimated em-
ploying equations given in [2]–[5]. The available dielectric
materials have their unique conduction characteristics and
vary in dielectric constants and other parameters that influ-
ence the fringing waves in the antenna patch [2]–[5].
Because of the cost factor, the most popular dielectric ma-
terials include bakelite, FR4 glass epoxy, Rogers RO4003,
Taconic TLC, and Rogers RT/Duroid [6]–[8]. When feed-
ing the signal to the antenna, many techniques, including
proximity-coupled, inset feed, aperture-coupled, as well as
coaxial probe feed methods, are used [3]–[4], [9].

2. Related Work

Many researchers have used various feeding techniques in re-
cent years to develop MPAs of various shapes and used them
in various applications. Sharma proposed, in [10], a small,
high gain multiband antenna with a glass-shaped radiating
patch and a rectangular ground plane. A unique rectangular-
shaped, DGS-based effective multi-band frequency reconfig-
urable antenna was proposed by Sathikbasha et al. in [11]. A
portable multi-band MPA with resonances at 23.9, 35.5, and
70.9 GHz, suitable for 5G mobile applications, was demon-
strated by Punith et al. [12].
A graphene-packed dual band mmWave antenna for 28.1 GHz
and 37.4 GHz with a DC bias was proposed by Luo et al. [13].
A tiny, portable ultra-wideband microstrip antenna for 5G ap-
plications was developed by Araujo et al. [14], while a small
and dual-polarized triple-band antenna for sub-6 GHz 5G ap-
plications was created by Alieldin et al. [15].
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Naji demonstrated in [16], three fork-shaped monopole-based
CPW-fed MPAs: SFA, MFA, and DSFA. Ikram et al. [17]
presented a MIMO antenna that operates in WLAN (2.45/5.2
GHz), 4G LTE (2.6 GHz), and 5G (24/28 GHz) bands, in-
corporating a 4-element dual-band and wideband monopole
tapered slot system. Parchin et al. [18] presented a multi-band
slot antenna array for 4G and 5G smartphones, including
double element square-ring slot radiators mounted on the
PCB corners. Two compact, rectangular, u-shaped parasitic
elements-based antennas for 2.6, 6.0, and 8.5 GHz bands have
been conceptualized by Asif et al. [19]. Such a design is ideal
for WiMAX or weather radar applications. A u-shape slot-
ted reconfigurable patch antenna with a low profile and light
weight was also shown by Yeole et al. [20], while a com-
pact antenna for wideband applications has been proposed by
Bhattacharya et al. in [21]–[24].
Artificial intelligence (AI) is a field of science in which par-
ticle swarm optimization is used [25], [26]. Three main ap-
proaches are utilized there [27]: statistical methods, symbolic
artificial intelligence, and computational intelligence. Com-
putational intelligence can be implemented using either of
the three methods: artificial neural network, fuzzy logic, and
evolutionary computation. Swarm intelligence is an active
part of evolutionary computation. Just like in the case of ant
colony optimization, the working principle of particle swarm
optimization (PSO) [28] completely relies on swarm intelli-
gence.
Here, PSO has been applied to optimize the dimensions of
a compact sized microstrip antenna. Different iterative struc-
tures, namely antennas A–D, have been simulated and opti-
mized using PSO. Finally, we have obtained the D antenna
model which is validated by the simulation results and mea-
surements.

3. Antenna Design

In this study, the design is realized by cutting rectangular
holes at the patch antenna’s radiating edge. That is because
slot loading antennas perform better – in terms of resonant
frequency, return loss, and bandwidth cost – than a traditional
rectangular patch aerial. In the 24 GHz band, the antenna’s
parameters, such as return loss, VSWR, and radiation pattern
have been analyzed, as the decreased bandwidth of microstrip
patch antennas is their principal drawback.
The equation for the effective dielectric constant for MPA
is [2]:

εreff =
εr + 1
2
+
εr − 1
2

[
1 + 12

h

w

] 1
2 . (1)

The patch length is stretched on either end by∆L and can be
formulated as [2]:

∆L
h
= 0.412

(εreff + 0.3)(wh + 0.264)
(εreff − 0.258)(wh + 0.8)

. (2)

The effective length of the patch Leff is:

Leff = L+ 2∆L . (3)

VSWR is the ratio between the maximum and minimum RF
voltage levels in the antenna. The ratio of incident wave
and reflected voltage wave amplitudes can be defined as
a reflection coefficient ρ, retrieved from:

r =
Zinput − Z0
Zinput + Z0

, (4)

whereZ0 is the antenna’s characteristic impedance. Reflection
coefficient ρ, VSWR and characteristic impedance Z0 are:

ρ = |r| = V SWR− 1
V SWR+ 1

, (5)

V SWR =
|r|+ 1
|r| − 1 , (6)

Z0 =

√
L

C
, (7)

where L signifies inductance and C is the antenna’s capaci-
tance. The return loss parameter S11 is given by:

S11 = −20 log
[
V SWR+ 1
V SWR− 1

]
, (8)
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Fig. 1. Reference antenna A a) and ground plane b).

A slot loading antenna outperforms traditional rectangular
patch versions in terms of resonance frequency, return loss,
and bandwidth. It allows to reduce the aerial’s size by more
than 60% and lowers resonance frequency by up to 36%. The
use of additional slots may contribute to increasing the an-
tenna’s bandwidth even further. High gain may by achieved
by using a high permittivity substrate and a modified slot
shape. This shows that the choice of the substrate and of its
thickness is an important design factor. In this research, FR4
substrate is used with its thickness equaling 0.8 mm and its
dielectric constant amounting to εr of 4.4.

4. PSO in Antenna Design
Particle swarm optimization [29] is a very effective algo-
rithm for solving optimization issues. The given solutions
are referred to as “particles”, where the best or most appro-
priate value is referred to as p-best, while g-best refers to
the overall best value. The goal is to acquire the best pos-
sible p- and g-values for the researched issues. PSO may
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Fig. 2. Antenna A: a) return loss, b) VSWR, c) gain, and d) axial ratio.

be modified in several ways [31], e.g., by replacing the
global swarm with several sub-swarms of particles. Such
a sub-swarm design aims to mitigate the probability of the
PSO algorithm being trapped in a suboptimal solution,
which is a useful feature in the design of antenna. Here,
PSO is utilized to acquire superior aerial characteristics and
to find the best dimensions in order to reduce the return loss as:

minf(x) = ReturnLoss(x) subject to xl ¬ x ¬ xu , (9)

Tab. 1. Dimensions of antennas A-D.

Dimension Value [mm] Dimension Value [mm]

Antenna A
WS ,WG 10.00 L 2.00
LS , LG 8.00 R1 0.58
LF 3.00 R2, R3 0.70, 1.12
W 4.62 WF 0.5

Antenna B
S1 0.08 S8 0.44
S2 0.30 S9 0.18

S3, S13 0.24 S10 0.20
S4 0.38 S11 0.31
S5 0.12 S12 0.19

S6, S7 0.16 S14 0.24
Antenna C

G1 2.00 G2 2.00
Antenna D

S15 0.13 S16 0.14

S1S3
S12

S13

S9
S10S11

S8

S2

S4

S7

S5 S6

S14

a)

b)

c)

Fig. 3. Patch and ground plane for: a) antenna B, b) antenna C, and
c) antenna D.

where xl and xu are the minimum and maximum values of
MPA dimensions (length and width), respectively. For PSO
optimization the following parameters were used:
– number of variables = 2 (L,W ),
– acceleration factors = 2, 2,
– number of iterations= 1000,
– population size = 100.
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Fig. 4. Return loss a), VSWR b), gain c), and axial ratio d) for antennas B, C, D.

5. Antenna Simulation

The initial reference design is named as antenna A (see Fig.
1) and the dimensions of this design are presented in Tab.
1. The assumed initial dimensions offer a gain of 2.5 dB,
return loss S11 of ­ 30 dB at approx. 27 GHz, VSWR =
1.5 (Fig. 2a-c). However, the axial ratio does not meet the
requirement of being lower than 3 dB (Fig. 2d). Therefore,
further improvements are required.
In the next iteration (antenna B), slots have been introduced to
the design and a new structure was created, as shown in Fig.
3a, Tab. 1. Simulation results presented in Fig. 4 (green curve)
show that the slots have affected the axial ratio, the S11 has
shifted towards 28 GHz with VSWR = 1. The frequency band
with a high gain of approx. 4 dB is wider than for antenna A.
Further modifications aim to create a version with an even
higher gain (antenna C, Fig. 3b, and Tab. 1). Simulation
results presented in Fig. 4 (blue curve) show that antenna C is
characterized by a return loss of ­ 45 dB, VSWR of 1, gain
of 6 dBi and a bandwidth of 3.2 GHz. Due to the slots present

Antenna A Antenna B Antenna C Antenna D

Fig. 5. Antenna design evolution (A to D) and fabricated prototype.

on the ground plane, a narrow band has been achieved with
a minimum S11 value near 28 GHz.
To increase gain even more, another design was developed,
referred as antenna D (Fig. 3c, Tab. 1). From the simulations
we can conclude that for antenna D, the return loss equals
­ 40, with VSWR of 0.8 (Fig. 4, red curve) and the gain
reached 6.6 dB. An acceptable change has been observed in
the axial ratio and a wide bandwidth of 4 GHz. Table 2 shows
the comparison of parameters of all simulated antennas (A
to D) while Fig. 5 shows the evolution of the patch for A–D
prototypes.

Tab. 2. Comparison of specific antenna designs.

Antenna Return
loss S11 VSWR Bandwidth Gain

A ­ 30 1.5 2.1 GHz 2.5 dB
B ­ 33 1 3.0 GHz 4 dB
C ­ 45 1 3.2 GHz 6 dB
D ­ 40 0.8 4.0 GHz 6.6 dB

6. Antenna Fabrication and Measurements

To verify the simulation data, the designed antennas were
fabricated and the return losses were measured using a vector
network analyzer (VNA). Figure 6 shows the the value of the
return loss parameter for all four prototypes.

7. Conclusions

In this work, the effects of changing the dimensions of ground
slots, as well as the patch of a 5G microstrip antenna [31], [32],
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Fig. 6. Return loss of: a) antenna A, b) antenna B, c) antenna C, and
d) antenna D.

impacting the different parameters of the antenna, have been
analyzed. The proposed antenna is designed using the PSO
approach and uses the low-cost and widely available FR4
substrate. It offers a high gain of 6.6 dB with a return loss
|S11| parameter of over 40 dB at 27 GHz. Post-optimization of
the design using the PSO technique has resulted in a compact
structure with minimal dimensions.
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